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ROTAVIRUS INFECTIONS
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In 1976, John Rohde, highlighting the importance of diarrhea as prime killer of children in the developing
world, beckoned the scientific community to “take science where the diarrhea is”. The World Health Organization
estimates that one billion diarrheal episodes occur in infants annually resulting in 3.3 million deaths, making
diarrheal disease a major contributor to infant mortality in developing world (Bern et al., 1992). The need for
simple, effective and inexpensive intervention to treat diarrhea and to prevent its occurrence is urgent and
abundantly clear. Among the etiological agents of acute infectious diarrhea rotaviruses account for nearly 25%
of hospital admissions in India with vomitting and diarrhea followed by severe dehydration in very young
children below 2 years of age (Broor et al., 1985). In developing countries, it has been estimated that more than
870,000 children die from rotavirus infection every year (Perez-Schael, 1996). The discovery of rotavirus by
Bishop and colleagues in 1973 initiated a line of research that has progressed rapidly towards the goal of

prevention of rotavirus diarrhea (Bishop et al., 1973).

Characteristics of rotaviruses

Rotaviruses belong to the Reoviridae family with
characteristic double shelled 70 nm wheel-like particles with
11 double-stranded RNA (dsRNA) segments as genome. The
RNA segments of the genome of rotavirus perform different
functions. The genome codes for 6 structural proteins (VP1,
VP2, VP3, VP4, VP6, and VP7) and 5 non-structural proteins
(NSP1-NSP5). Cleavage of VP4 (85 K) by protease such as
trypsin into VP5 and VP8 is necessary for efficient virus
infection of cells (Arias et al., 1996). Rotaviruses have been
classified into 6 serogroups (A to F) and subgroups
depending on their reactivity with monoclonal and
polyclonal antibodies. Besides groups and subgroups
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rotaviruses can be differentiated into serotypes. The serotype
defined by VP7 (glycoprotein) is referred to as G and that
defined by VP4 (protease-sensitive protein) is referred to
as P. Currently, 14 G and 8 P serotypes have been described
on the basis of their deduced sequences (Estes, 1996). Of
the non-structural proteins, NSP4 deserves special mention
and is currently defined as the first viral enterotoxin (Ball
et al., 1996) and the cellular basis for the induced
mobilization of intracellular calcium (Dong et al., 1997).
Mutations in the NSP4 glycoprotein associated with altered
virus virulence have also been reported (Zhang et al., 1998).
Evidence accumulated to date has demonstrated that VP3,
VP4, VP7, NSP4 and perhaps additional viral proteins and
host factors affect the virulence of these viral pathogens
(Desselberger, 1997).

Characteristics of rotavirus infection

There is a wealth of information describing the
pathological changes found in the gut of infected animals,
but very little comparable information from human
population is available. Generally, rotaviruses infect the
mature absorptive epithelial cells lining the upper two-thirds
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of the villi of the small intestine, resulting in severe acute
diarrhea in the young. The infection is restricted to the
mucosal surface and the cells containing rotaviral particles
occur in the lamina propria and regional lymph nodes. The
infection usually spreads from proximal small intestine to
the ileum over a period of 1-2 days (Bass and Greenberg,
1991). Although rotavirus infection is mainly restricted to
small bowel, recent investigations of mice with combined
immunodeficiency as well as of immuno-compromised
children indicate that rotavirus can also infect the liver
(Kanwar et al., 1993; Gilger et al., 1992). Numerous reports
associating rotavirus with pneumonia, pharyngitis, otitis
media and respiratory symptoms exist, though precise
relationship of such respiratory manifestations to the virus
in nuclear. Central nervous system manifestation of rotavirus
infection has been reported infrequently (Hongou et al.,
1998; Lundgren et al., 2000).

Rotavirus infection is frequently asymptomatic in
neonates and adults and this led to efforts to develop vaccines
containing neonatal strains (Bishop et al., 1983). The first
neonatal vaccine strain M37, isolated in Venezuela, showed
conflicting results. Three additional neonatal strains are
currently under development: RV3a strain isolated from
newborns at the Children’s Hospital in Melbourne (Bishop
et al., 1976) and the 116E and 1321 bovine-human
reassortant strains isolated from newborns in India (Bhan
et al., 1993; Das et al., 1993). Additionally, in some
developing countries, nosocomially acquired neonatal
rotavirus infections are not uncommon (Kilgore et al., 1996)
occurring in up to 40-50% of infants hospitalized for 3 days
or longer who usually had no symptoms. In symptomatic
infection, the incubation period is 1-3 days and the illness
usually lasts 5-7 days. Rotaviral gastroenteritis is generally
characterized by frequent vomiting, which starts early in
the illness and is commonly.associated with mild to moderate
dehydration with normal serum sodium concentrations and
mild acidosis. Vomiting and diarrhea may both be present
initially, but in at least half of the cases vomiting precedes
diarrhea. In a study by Rodriguez et al. (1977), vomiting
persisted for an average of 2.6 days and diarrhea persisted
for an average of 5 days with a range of 1-9 days. Fever is
common, but signs or symptoms of dysentery, such as bloody
diarrhea and tenesmus, indicate concurrent bacterial
infection.

How does the host respond to rotavirus infection? A likely
scenario is that rotaviruses replicate in mature villus cells,
probably cross the basement membrane, enter the lamina
propria or attach to membranous epithelial cells (M cells)
and enter Peyer’s patches. In either of these two sites,
rotaviruses are most likely processed by antigen-presenting
cells and presented to helper T (T,) lymphocytes, cytotoxic
T lymphocytes (CTLs) and B lymphocytes within Peyer’s
patches and lamina propria. After virus-specific T,

lymphocytes within the intestine release B lymphc “yte
growth and differentiation factors, rotavirus-specific gM
and IgA appear at the intestinal mucosal surface. Coinc ' lent
with the appearance of rotavirus-specific plasma ce!'s in
the circulation, B and T, lymphocytes, rotavirus-spe«ific
IgM and IgA also appear in the serum 4—6 days post infection
(p.i.). Within one month of infection, virus-specific B and
T lymphocyte precursors are probably distributed throughout
intestinal and non-intestinal lymphocyte populations
(Colomina et al., 1998; McNeal et al., 1998).

Rotavirus excretion has been identified by several
techniques that enable detection of 10°-10° particles per ml,
such as enzyme immunoassay (EIA), electron microscopy
(EM) of negatively stained fecal extracts; polyacrylamide
gel electrophoresis (PAGE) of dsRNA extracted from
rotavirus-positive stools has reduced the threshold of
rotavirus detection to as low as 1000 virus particles per ml
(Wilde et al., 1991). Besides these methods of direct
detection of rotavirus excretion it has been suggested that
fluctuations in rotavirus copro-IgA indirectly indicate
replication of rotavirus in the small bowel (Coulson et al.,
1990). Also, duration of a rotavirus infection must be
established by most sensitive technqiues as human infection
can be caused by just ingestion of 1 PFU of the virus (Ward
etal., 1986). Historically, EM was used for confirmation of
the diagnosis because it was able to demonstrate the
characteristic morphology of rotavirus particles. Rapid virus
detection assays in stools have replaced older techniques.
The most economical and appropriate assay used presently
is the enzyme-linked immunosorbent assay (ELISA) or the
agglutination test (Kapikian and Chanock, 1996). Dot-blot
hybridization and polymerase chain reaction (PCR) assays
for rotaviruses are more cumbersome and expensive but may
provide much greater sensitivity (Flores et al., 1983; Wilde
etal., 1991). Cell cultures for rotaviruses are not available.
The optimum time to collect stool for virus assays is between
the 1st and the 4th day of illness, although shedding can
occur for weeks, depending on clinical manifestations.
Several assays now exist for measuring the serological
response to the rotavirus infection (Kapikian and Chanock,
1996). As with other pathogens, the detection of rotaviruses
or serological tests often are not helpful during acute illness.

Natural history of rotavirus infections and the goal
of rotavirus vaccine

Rotavirus infections occur repeatedly in humans from
birth to old age, and the majority of infections are
asymptomatic or associated with mild gastrointestinal
symptoms (Bishop, 1994). This means that even natural
infection does not provide complete protection against a
subsequent infection or mild diseases associated with it. A
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realis'  voal of rotavirus vaccine is to prevent a severe
rotavi  gastroenteritis during the first two years of life,
thepe | when the rotavirus disease is most serious. Based
on the ccumulated experience, the priority was given to
the pr uction of a live attenuated, orally administered
heterc gous rotavirus vaccine which was dubbed “the
Jenne: .n approach” (Kapikian et al., 1986). Its modified
versic i.e. the modified Jennerian approach was largely
supporiod by the results of field trials (Chiristy et al., 1993;
Bernsi=in et al., 1995) with variable effectiveness in different

settings (Vesikari, 1993; Conner et al., 1994). An
approximately 70% effectiveness against severe diarrhea is
provided as observed in recent trial of an effective rotavirus
vaccine (RRV-TV), which is a combination of 4 different
common serotypes of rotavirus (Joensuu et al., 1998;
Marwick et al., 1998; Ward et al., 1998).

Vaccines nearing licensure could provide an important
new weapon to decrease diarrheal morbidity and mortality
in both developed and developing countries. Many new
approaches to immunization being pursued are the use of
virus-like particles (VLPs) (O’Neal et al., 1998), DNA
vaccines (Herrmann et al., 1996), microencapsulated viruses
(Moser ez al., 1998), and other live strains for oral delivery
(Burns et al., 1996). Besides, inhibitors (Katyal et al., 1999)
and antioxidants (Sodhi et al., 1996) may also help in
preventing rotavirus diarrhea.

Studies in animals have also tried to pinpoint the best
antigen candidate. The importance of serum rotavirus IgA
antibody has been shown using backpack tumor carrying B
cell-deficient adult knock-out mice (Nakagomi et al., 1996).
In this model, it was observed that an IgA antibody to inner
core protein VP6, rather than to surface proteins VP4 or
VP7 provides the best protection against rotavirus (Burns
et al., 1996). After vaccination, the strongest immune
response is directed towards this antigen (Hashino et al.,
1994). The importance of this finding may be in the fact
that VP6 is a common group antigen of all human and animal
group A rotaviruses, providing a common antigen for
protection against heterologous strains of the virus. Each
approach will benefit from more detailed studies of the
mechanisms of pathogenesis and immunity to the disease.

Problems surmounted for vaccination

Longitudinal and inpatient studies provide evidence that
rotavirus is the commonest agent consistently identified in
severe diarrhea. Although great progress has been made to
reduce morbidity and mortality of infectious diarrhea by
imperative improvement of hygiene standards and substitute
re-hydration therapies, the progress in preventive measures
such as vaccine development has been extremely complex
and slow.

The major aim of developing a rotavirus vaccine is to prevent
severe diarrhea in young children. It is important to keep in
mind that the vaccine is not meant to prevent the disease but to
prevent the occurrence of severe diarrhea, because it is
unrealistic to assume that a vaccine would provide a better
immune response than natural infection. In the latter, total
protection usually occurs in 50% of infants while protection
from severe disease may occur in more than 90% of naturally
infected children. The formation of an effective vaccine strategy
is extremely difficult due to the antigenic diversity of human
rotaviruses, the complexity of immune response and the
diversity of epidemiological settings. The principal problems
encountered in development of a rotavirus vaccine have been
the serotype specificity of the immune response necessitating
the inclusion of multiple serotypes and difficulty in setting the
appropriate balance between attenuation and the ability to
replicate effectively in the intestine.

An immunization with the RIT 4237 vaccine gave encou-
raging results in Finland. However, it could not be confirmed
elsewhere in the world as the vaccine failed to protect against
other serotypes (Ramchandaran et al., 1998) (Table 1).

The protection did not always correlate with the
serological response to vaccination and subsequently the
vaccine was withdrawn. The Rhesus rotavirus (RRV)
reassortant vaccine failed to provide protection due to the
presence of pre-existing antibodies and unknown interfering
substances present in the hemopoetic system of the infants.
Another vaccine, prepared from the naturally occurring
attenuated nursery strain M37 (G1 serotype), adapted to
monkey kidney cells and replicated very poorly in the gut
mucosa (Smith et al., 1995).

In the modified Jennerian approach, the vaccine contains
genes of RRV and some of the important genes from human
rotavirus (HRV). The major problem with this vaccine (RRV-
TV) turned out to be a poor response in developing countries
with low socio-economic population. Only 20% and 35%
efficacy was seen in Peru and Brazil, respectively (Vesikari,
1999; Vesikari et al., 1991).

Besides, there appear to be a number of factors as far as
developing countries and development of rotavirus vaccines
are concerned. All vaccines appear to be less effective in
tropics when compared to developed countries due to several
reasons. Children in these regions may harbor other enteric
viruses which may interfere with the immune response. Breast
feeding may be another cause of interference. Maternal
antibodies may also decrease the effectiveness of the vaccine.

As rotavirus infects only the small intestine, the protection
against the disease is believed to be associated with the antibody
at the mucosal surface which is extremely difficult to measure
in children . In a study of immunity to rotavirus with mouse as
a model, it was observed that most protective immunity was
directed against VP6 and involved an IgA which is not
associated with neutralization in vitro. This antibody was not
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Table 1. Results of efficacy trials with rotavirus vaccines in developed and developing countries

Vaccine/country Age of vaccincs No. of enrolled No. of doscs Vaccinc cfficacy (%)
vaccinated/unvaccinated - e

Diarrhca Scvere discas:

(A) RIT 4237

Developed countries

Finland (1985) 6-12 months 168/160 2 58 82

Finland (1990) <1 wecek,7 months 124/128 2 40 89

Finland (1991) <1 week 123/122 1 0 22-100

Developing countries

Rwanda (1986) 2-5 months 106/107 1 0 0

Gambia (1987) 10 weeks 170/83 3 33

Pcru (1989) 3-8 months 122/123 1 0 0

USA*" (1992) 2-18 months 99/100° 123" 24 0-47

(B) wC3

Developed countries

USA (1988) 3-12 months 49/55 1 76 100

USA (1990) 2-12 months 103/103 1 0

Developing countries

Central African Republic (1991) 3 months 237/235 2 0 0

Shanghai (1996) 1-2 months 2 50

(C) Rhesus rotavirus vaccine

Developed countries

USA (1986) 5-20 wecks 14/10 1 100

USA (1988) 4-12 months 53/51 1 48 80

Sweden (1989) 2-4 months 85/88 1 0 0

USA (1990) 2-11 months 63/49 | 29 29

Finland (1990) 2-5 months 100/100 1 38 67

USA (1992) 2-4 months 76/73 1 66

Developing countries

Venczucla (1990) 2-5 months 108/107 1 0 0

USA® (1991) 1-10 months 151/151 | 64 85-90

(D) Tetravalent vaccines: RRV-TV and WC3-QV

Developed countries

RRV-TV/USA (1995)¢ 4-26 weeks 332/330 3 57 82

RRV-TV/USA (1995)! 3-5 months 1190/1208 3 68 61-100

RRV-TV/USA (1996)! 5-25 weceks 403/400 3 49 80-100

Wc/qv Finland (1997) 2-6 months 206/199 3 67 69

Developing countries

RRV-TV/Peru (1996) 2-4 months 219/209 3 24 0-40

RRV-TV/Brazil (1996)¢ 8-18 weceks 1112/1095 3 48 88

RRV-TV/Venczucla (1997)¢ 1-5 months 233/233 3 35 46

RRV-TV/USA (1997)*¢ 2-6 months 347/348 3 50 64

Data from Midthun and Kapikian (1991).

‘Conducted among a low-sociocconomic, rural population of native Americans.
"Only data for the 3-dosc regimen are given. Among children receiving 1 or 2 vaccine doscs, the vaccine cfficacy against all discasc was 0; for scvere

discasc, the cfficacy was 0-63% and 15-59%, for 1- and 2-dosc regimens, r
“Vaccinc dosc of 4 x 10*PFU.
4Vaccine dosc of 4 x 10° PFU.

active in the gut lumen but was alive when it reached the gut
epithelium from the basolateral side, where it presumably
inactivated the virus during its transcytosis into the lumen
(Burns et al., 1996). There is an urgent need for definitive studies
on the mechanism of mucosal immunity and the antigens
responsible for protection against rotavirus infection.

cspectively,

A number of candidates are being evaluated recently as
rotavirus vaccines, namely DNA and VLPs. Oral DNA
vaccines have been tested in animals; they induced a good
response and protected the animals against challenge
(Vesikari, 1991). A heterotypic protection from rotavirus
infection in mice vaccinated with VLPs has been shown to
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have i1 ' ications for the development of parental vaccines
agains' e rotavirus disease. Immunization by both the
mucos: - nd parental routes provided partial protection and
the cor ined effect of the two immunizations appeared to
be addi ve (Chen et al., 1998).

All < =] rotavirus vaccines, regardless of origin, are likely

to have 1any similar properties including disadvantages (e.g.
a suppi=ssion of uptake of oral poliovirus which may
compromise immunogenicity in developing countries).

The first and foremost problem encountered is the protective
efficacy of the vaccines in developing countries. There may be
several reasons for this: (a) children in these regions may harbor
other enteric viruses which may interfere with the immune
response; (b) breast feeding may be another cause of
interference; (c) maternal antibodies may also decrease the
effectiveness of the vaccine; (d) the serotypes responsible for
infection in these countries may differ from those present in
the vaccines. This is exemplified by a recent study from New
Delhi, India, where it has been observed that the prevalent
serotype was G9 which is not present in the RRV-TV vaccine
(Jiang et al., 1999). To be effective, a vaccine would have to
contain this serotype as heterotypic immunity is usually poor.

Recently, Centers for Disease Control and Prevention
(McNeal et al., 1999) have analyzed the cost effectiveness
of' minimization and estimated that, given a vaccine efficacy
rate of 50% and a vaccine cost of § 30 per dose, a rotavirus
immunization program would prevent above one million
cases of rotavirus diarrhea, 58,000 hospitalizations and 82
deaths per year. A single vaccine program would cost $ 243
million per year but would yield a net saving of $ 79 million
from the perspective of the health-care system and $ 466
million from the perspective of society. The incremental cost-
effectiveness is a saving of $ 459 per case prevented from
the perspective of society and $ 78 per case prevented from
the perspective of the health-care system.
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