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Summary
Synopsis Tetravalent human-rhesus reassortant rotavirus vaccine (RRV-TV) contains the

rhesus rotavirus (RRV) strain MMU 18006, which has serotype G3 specificity,
and reassortant rotavirus strains with human serotype G1, G2 and G4 specificity.
Rotavirus gastroenteritis in humans is predominantly caused by these 4 serotypes.

RRV-TV 4 × 104, 4 × 105 or 4 × 106 plaque-forming units (PFU) per dose
induces seroresponse rates (generally defined as a ≥4-fold increase in antibody
titre) of 48 to 93% for IgA against RRV and 49 to 90% for neutralising antibodies
to RRV after 1 to 3 doses in infants aged ≥4 weeks. Seroresponse rates for neu-
tralising antibodies to human serotypes G1, G2, G3 and G4 are generally lower
(2 to 68%). The rates generally increase with sequential doses, but not necessarily
with increased vaccine titre. Seroresponse rates appear to be better in older
infants than in neonates or infants aged ≤12 weeks.

RRV-TV is more immunogenic against human G2, G3 and G4 serotypes than
the monovalent serotype G1 human-rhesus reassortant rotavirus vaccine (RRV-
S1) and tends to be more immunogenic against G1, G2 and G3 serotypes than
the human serotype G1 strain vaccine M37.

In most settings, RRV-TV has at least moderate efficacy in reducing the inci-
dence of rotavirus gastroenteritis. Importantly, it protects against severe disease,
with efficacy rates of 69 to 100% against very severe rotavirus gastroenteritis in
large scale studies in the US, Finland and Venezuela. RRV-TV has similar overall
efficacy to RRV-S1, but provides greater protection against gastroenteritis caused
by rotavirus strains of serotypes other than G1. The efficacy of RRV-TV is not
significantly affected by breast feeding or concurrent use of oral poliovirus vac-
cine.

The only adverse effect with which RRV-TV has been associated is a mild,
transient febrile reaction.

Limited data from the US and Finland suggest that vaccination with RRV-TV
could be cost saving.

In conclusion, the incidence of paediatric rotavirus gastroenteritis, particu-
larly severe cases, would be reduced in most settings by the incorporation of
RRV-TV into routine childhood immunisation schedules. Further refinements to
RRV-TV (and/or development of additional candidate vaccines) may eventually
produce even greater protective efficacy. In the meantime, RRV-TV is a significant
advance in the prevention of paediatric rotavirus gastroenteritis worldwide.

Overview of Rotavirus
Infection

Rotavirus is a double-stranded RNA virus. Human rotavirus gastroenteritis is
most commonly caused by group A rotaviruses. Worldwide, the most prevalent
glycoprotein antigen-determined (G) serotypes are G1, G2, G3 and G4.

The virus is highly infectious, with transmission occurring primarily via the
faecal-oral route. Infection is largely limited to the small intestine. Almost all
children are infected with rotavirus by the age of 3 to 5 years, and it is the most
common causal agent of severe life-threatening diarrhoea in children and infants
worldwide. Dehydration and electrolyte imbalance associated with rotavirus
gastroenteritis cause significant mortality in developing countries (more than
800 000 children die each year) and the disease is responsible for a large number
of hospitalisations in developed countries. Symptomatic illness occurs most com-
monly in infants aged ≈3 months to 2 years.

Immunogenicity Tetravalent human-rhesus reassortant rotavirus vaccine (RRV-TV) is composed
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of the rhesus rotavirus (RRV) strain MMU 18006, which shares neutralisation
specificity with human rotavirus serotype G3, and 3 reassortant strains with hu-
man serotype G1, G2 or G4 specificity.

In immunogenicity trials in healthy infants aged ≥4 weeks, the seroresponse
rate (generally defined as a ≥4-fold increase in antibody titre) for IgA against
RRV was 48 to 93% (median 74%) after 1 to 3 doses of RRV-TV 4 × 104, 4 × 105

or 4 × 106 plaque-forming units (PFU) per dose. The seroresponse rate was sig-
nificantly higher than after placebo (0 to 33%; median 11%). For neutralising
antibody assays, the greatest seroresponse rates in RRV-TV recipients were to
RRV (49 to 90%), whereas those to human serotypes G1, G2, G3 and G4 were
lower (2 to 68%). Seroresponse rates to RRV-TV were generally higher after 3
doses than after 1 dose. However, increasing the titre of vaccine dose (rather than
the number of doses) was not consistently shown to increase seroresponse rates.
RRV-TV 4 × 104 or 4 × 105 PFU was only moderately immunogenic in neonates,
and the seroresponse rate was significantly greater in infants aged 16 to 24 weeks
than in those aged 6 to 12 weeks in one study in which infants received a single
dose of RRV-TV 4 × 105 or 4 × 106 PFU.

Breast feeding did not significantly reduce the immunogenicity of the vaccine
in infants aged ≥4 weeks. RRV-TV does not significantly interfere with the im-
munogenicity of oral poliovirus vaccine (OPV), although a slight reduction in the
response to poliovirus serotype 1 has been reported. The IgA seroresponse to RRV
is reduced by concurrent use of OPV but the effect does not appear to be clinically
significant when 3 doses of RRV-TV are given. Administration of a buffer to
prevent inactivation of the acid-labile vaccine is required for the immunogenicity
of RRV-TV to be optimal.

RRV-TV (3 doses of 4 × 104 or 4 × 105 PFU/dose) induced similar seroresponse
rates for IgA against RRV to those induced by monovalent serotype G1 human-
rhesus reassortant rotavirus vaccine (RRV-S1; 3 doses of 4 × 104 or 4 × 105

PFU/dose). However, RRV-TV generally had greater immunogenicity than RRV-
S1 against serotype G2, G3 and G4 human rotavirus strains, whereas RRV-S1 had
greater immunogenicity against serotype G1. Compared with the human serotype
G1 strain vaccine M37 (1 dose of 1 × 104 PFU/dose or 2 doses of 1 × 105

PFU/dose), RRV-TV (1 or 2 doses of 4 × 104 or 4 × 105 PFU/dose) tended to
induce higher seroresponse rates for IgA against RRV and for neutralising anti-
bodies to human serotypes G1, G2 and G3.

Protective Efficacy Data on the efficacy of RRV-TV in preventing paediatric rotavirus gastroenteritis
are available from 7 trials involving 8720 infants aged 1 to 6 months from 5
countries. A 3-dose schedule of RRV-TV 4 × 104 PFU/dose in the US and 4 × 105

PFU/dose in the US, Finland and Venezuela reduced the incidence of rotavirus
gastroenteritis by 48 to 68% compared with placebo. However, when used at the
lower dosage (4 × 104 PFU/dose) the vaccine had a relative efficacy of only 35%
in Brazil, and was not significantly protective in Peru. Efficacy was most evident
in the first year after vaccination in all studies in which this was analysed.

The vaccine has greater efficacy against more severe disease. In large US,
Finnish and Venezuelan studies, the relative efficacy rate of RRV-TV compared
with placebo was 69 to 100% for the most severe rotavirus gastroenteritis. Vac-
cination provided 100% protection against rotavirus gastroenteritis-associated
hospitalisation in Finland, and 70% protection in Venezuela. RRV-TV was asso-
ciated with a reduction in health service use. Some studies showed a marked
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reduction in dehydrating rotavirus illness. The efficacy of RRV-TV was not sig-
nificantly reduced by breast feeding or concurrent administration of OPV.

RRV-TV had similar overall efficacy to RRV-S1. However, RRV-TV was more
effective than RRV-S1 against rotavirus gastroenteritis caused by serotypes other
than G1.

Pharmacoeconomic
Considerations

Depending on the cost of the vaccine and its administration, the introduction of
RRV-TV into routine childhood immunisation schedules could be cost saving,
according to US and Finnish data. One US cost-effectiveness analysis calculated
that the introduction of RRV-TV at $US30 (1993 US dollars) per dose would
produce an annual saving of $US79 million ($US78 per case prevented) for the
healthcare system and a saving of $US466 million ($US459 per case prevented)
for society. Another analysis calculated that RRV-TV reduces the median ex-
pected societal cost of rotavirus gastroenteritis by $US11 (1992 US dollars) per
infant, and would thus be cost saving provided that the vaccine cost less than this
amount. A similar Finnish analysis calculated that RRV-TV reduces costs associ-
ated with rotavirus gastroenteritis by 109 Finnish marks (currency year not stated)
per infant.

Tolerability RRV-TV is generally well tolerated at doses of 4 × 104, 4 × 105 or 4 × 106

PFU/dose, but causes a higher incidence of fever (rectal or axillary temperature
>38°C) than placebo. The febrile reaction is normally mild (≤39°C) and transient,
occurring 3 to 5 days after vaccination and lasting 1 to 2 days. The incidence of
fever is not dose related. However, it appears to occur more commonly after the
first dose than after subsequent doses, and in older (age 16 to 24 weeks) rather
than younger (age 6 to 12 weeks) infants. RRV-TV tended to be associated with
a higher incidence of fever than RRV-S1 or M37.

Dosage and
Administration

Clinical trial data suggest that ideally a 3-dose schedule of RRV-TV 4 × 105

PFU/dose should be administered to infants between 2 and 7 months of age.
RRV-TV can be administered concurrently with other injectable vaccines, but
confirmation that there is no clinically significant interference between RRV-TV
and OPV is required. Buffering is required to prevent inactivation of the vaccine.

In view of the vast public health burden associ-
ated with rotavirus gastroenteritis throughout the
world, development of an effective rotavirus vac-
cine has been given high priority by several public
health organisations, including the World Health
Organization and the US Institute of Medicine.[1,2]

Tetravalent human-rhesus reassortant rotavirus
vaccine (RRV-TV) is a live attenuated vaccine that
is administered orally. It has been designed to pro-
tect against the 4 major serotypes of symptomatic
human rotavirus infection, namely serotypes G1,
G2, G3 and G4.

This review focuses on the immunogenicity, tol-
erability and efficacy of RRV-TV in protecting
against paediatric rotavirus-associated gastroenter-
itis.

1. Overview of Rotavirus Infection

1.1 Molecular Biology of Rotavirus

Rotavirus is a double-stranded RNA virus made
up of 11 distinct genome segments.[3] Human
rotavirus disease is caused predominantly by group
A, and less commonly by group B or C, rota-
viruses.[4-6] Current vaccines under development
are directed at group A viruses only.

The inner capsid of rotavirus contains viral pro-
tein (VP) 6, which is the antigen that determines
both the group and the subgroup (I or II) and is
highly immunogenic.[4,5] The outer capsid contains
2 proteins, VP7 and VP4, which induce neutralis-
ing antibody.[3-5] VP7 is a glycoprotein (G) antigen
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and VP4 is a protease-sensitive (P) antigen; these
determine the G and P serotypes.

Of the 14 G serotypes that have been identified,
the most significant in terms of human illness in
most parts of the world are G serotypes 1 to 4.[3,7,8]

The predominant serotype for the past 2 decades
has been G1.[9] However, in some areas, particu-
larly developing countries, G5, G6, G8, G9, G10
and G12 are also important.[3,7,8,10] Of the 20 P
types identified by genotyping, the predominant
types causing human illness are P[8] and P[4], al-
though P[6], P[9] and P[11] are present in some
countries.[3,7-9]

1.2 Immune Response to Infection

During natural rotavirus infection, serum and
intestinal IgM, IgG and IgA responses are
mounted.[4-6] Cell-mediated responses and nonspe-
cific factors may also contribute to the resolution
of infection.[3,4,11,12] Protective immunity appears
to correlate approximately with serum and intesti-
nal rotavirus IgA levels, but the exact role (if any)
of serum or intestinal serotype-specific neutralis-
ing antibodies remains to be clarified.[5,6,11,12] Ad-
ditional immune factors are also likely to be in-
volved in protection against rotavirus disease.

1.3 Pathogenesis

Transmission of rotavirus occurs mainly via the
faecal-oral route, although it may also be spread by
the respiratory route.[4-6] The virus replicates
within the mature absorptive epithelial cells lining
the tips of the villi of the small intestine.[4-6,9,13]

The resulting cellular damage is associated with
loss of electrolytes and fluid, causing severe wa-
tery diarrhoea. Additionally, the nonstructural pro-
tein 4 of rotavirus appears to be an enterotoxin.[14]

The infection is largely limited to the mucosal
surface, with infectious particles being shed in the
faeces. Chronic and/or extraintestinal infection, in-
cluding infection of the liver and kidney, can occur
in immunodeficient individuals.[3,5,6,13]

1.4 Epidemiology

Rotavirus is the most common causal agent of
severe, life-threatening diarrhoea in infants and
children worldwide.[9,15,16] The virus is ubiquitous
and highly infectious; almost all children world-
wide are infected by the age of 3 to 5 years.[6,15]

The spectrum of disease ranges from asymptom-
atic infection to severe gastroenteritis. The infec-
tion is generally self-limiting and can be treated
with supportive care. However, dehydration and
electrolyte imbalances can be fatal if adequate re-
placement therapy is not provided.[4] Recent evi-
dence suggests that oral administration of certain
bacteria (e.g. Lactobacillus)[17] or immunoglobu-
lins[18] may reduce the severity and/or duration of
illness.

More than 800 000 children die each year as a
result of rotavirus gastroenteritis, mainly in devel-
oping countries.[1,6,9,16] In the US, the mortality
rate is only 20 to 40 children per year,[7] but it is
estimated that 55 000 to 110 000 children are
hospitalised each year with rotavirus gastroenteri-
tis.[7,19-21] It is estimated that 17 810 (5.2 per 1000)
children aged <5 years in England and Wales[22]

and 18 000 (30 per 1000) children aged <2 years
in Venezuela[23,24] are hospitalised for rotavirus
gastroenteritis annually.

The peak incidence of symptomatic rotavirus
illness occurs in infants aged ≈3 months to 2
years.[5,6,11,13] Very young infants are relatively re-
sistant to rotavirus disease, possibly because of
maternally acquired antibodies. Rotavirus does not
normally cause severe illness in adults, although
asymptomatic or mild infections are common, es-
pecially during close contact with an infected in-
fant.[4-6,11,13]

Rotavirus infections peak during the cooler
months in temperate climates such as in the US,
some parts of Europe and northern Japan.[6,7,25,26]

Seasonality of infection seems to be less marked in
tropical countries.
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2. Immunogenicity of Tetravalent
Human-Rhesus Reassortant 
Rotavirus Vaccine

A fundamental reason for the development of
oral, live attenuated vaccines is to mimic the im-
munological response to natural infection, espe-
cially stimulation of local intestinal immu-
nity.[4,11,27]

The rhesus rotavirus (RRV) strain used in RRV-
TV is MMU 18006, which shares neutralisation
specificity with human rotavirus serotype G3. In
addition to the rhesus MMU 18006 strain, RRV-TV
contains 3 reassortant rotavirus strains with human
G1, G2 or G4 specificity. The reassortant strains
were generated by coinfecting cell cultures with
MMU 18006 and the relevant human rotavirus
strain (strain D for G1 specificity, strain DS-1 for
G2 specificity and strain ST-3 for G4 specific-
ity).[27,28] Selection pressure (created by addition
of neutralising antibodies to the VP7 of RRV) pro-
duced reassortant strains with one VP7 gene encod-
ing the human rotavirus serotype (G1, G2 or G4)
and 10 genes from RRV; the reassortants are de-
scribed as D × RRV, DS-1 × RRV and ST-3 × RRV,
respectively.

The immunogenicity of oral RRV-TV has been
investigated in healthy infants in a number of pla-
cebo-controlled trials, some of which also com-
pared RRV-TV with other vaccines. Vaccination
schedules of 1, 2 or 3 doses were evaluated. When
multiple doses were given, the doses were sepa-
rated by a minimum of 2 weeks, and more fre-
quently by 4 to 8 weeks. Most studies aimed for the
vaccination schedule to be completed before 30
weeks of age. Vaccination was normally delayed if
the infant or a household member had a recent ep-
isode of fever, diarrhoea and/or vomiting.

Serum IgA against RRV was measured by en-
zyme-linked immunosorbent assay (ELISA) be-
fore vaccination and after the final dose. Serum
levels of neutralising antibodies against RRV and
against human rotavirus strains representing the
serotypes G1, G2, G3 or G4 were measured by en-
zyme-linked immunosorbent antigen reduction,
fluorescent focus reduction, plaque reduction neu-

tralisation or tube neutralisation assays. Sero-
response was defined as a ≥4-fold increase in se-
rum antibody titre unless otherwise stated.

In considering the immunogenicity of RRV-TV,
two important factors must be borne in mind.
Firstly, although measurement of serum antibody
levels is a standard method of assessing the immu-
nogenicity of a candidate vaccine, this does not re-
liably or precisely predict protection by vaccines
against rotavirus disease in children.[3,12,29-31] In
particular, the protective role of serotype-specific
neutralising antibodies is still unclear. Secondly,
the immunogenicity studies to date have involved
multiple potentially confounding variables, includ-
ing differences in doses and schedules, infant age,
concomitant use of other vaccines, breast feeding,
buffers and geographical area. Consequently, re-
sults from different studies cannot be reliably com-
pared, although data from different studies have
been grouped to provide an overview in the follow-
ing sections.

Results from placebo-controlled trials of the im-
munogenicity of buffered RRV-TV in infants aged
≥4 weeks are presented in tables I (comparisons
with placebo) and II (placebo-controlled compari-
sons with other rotavirus vaccines). Trials involv-
ing neonates or analysing the effect of a specific
confounding variable other than dose or schedule
[i.e. breast feeding, concomitant use of oral polio
vaccine (OPV) and/or buffer] are presented sepa-
rately rather than being included in the tables.

2.1 Comparisons with Placebo

Significantly more infants who received RRV-
TV than those who received placebo demonstrated
a seroresponse for IgA against RRV in studies in
which statistical analyses were reported. Overall,
seroresponse for IgA against RRV was observed in
48 to 93% (median 74%) of infants who received
1 to 3 doses of RRV-TV 4 × 104, 4 × 105 or 4 × 106

plaque-forming units (PFU) per dose, compared
with 0 to 33% (median 11%) of placebo recipients
(tables I and II).[2,32-43]

In neutralising antibody assays, the highest
seroresponse rates in RRV-TV recipients were for
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antibodies directed against RRV [range 49 to 90%
(median 75.5%); tables I and II]. This suggests that
the neutralising antibody response induced by
RRV-TV is predominantly directed against the
VP4 antigen of the RRV component of the vaccine
rather than against the VP7 antigens. Seroresponse
rates in RRV-TV recipients for neutralising anti-
bodies against human serotypes were generally
low, ranging from 3 to 68% (median 31.5%) for
G1, 2 to 48% (median 24%) for G2, 9 to 56% (me-
dian 28.5%) for G3 and 2 to 53% (median 25%)
for G4.

Many trials identified an inverse correlation be-
tween the baseline antibody titre and seroresponse
rates for neutralising antibodies and/or IgA,
suggesting that maternally acquired antibodies
interfere with the immune response to RRV-
TV.[2,31,35,38,42-44] This was confirmed by the find-
ing that higher baseline antibody titres reduced the
magnitude of postvaccination increase in neutralis-
ing antibody titre relative to placebo.[31]

The vaccine does not appear to induce sufficient
memory cell development to neutralisation epi-
topes on VP7 to prime recipients for an enhanced
immune response to subsequent natural infec-
tion.[30,31]

Viral shedding was detected in stool specimens
or rectal swabs from 36 to 89% of RRV-TV recip-
ients 3 to 6 days after a single dose in the 4 studies
that assessed this parameter.[32,35,42,43]

2.1.1 Effect of Dose and Schedule
The rate of response to RRV-TV is generally

increased by the administration of additional
doses. The seroresponse rate for IgA against RRV
was significantly higher in the 3-dose group than
in the single-dose group in a Peruvian study in
which infants were randomised to receive 1 or 3
doses of RRV-TV 4 × 104 PFU/dose or placebo;
seroresponse rates were 59, 75 and 24%, respec-
tively (table I).[35] Seroresponse rates for neutralis-
ing antibodies to human serotypes remained rela-
tively low in this study (≤36%) even with the
additional doses. In Venezuelan studies,[43] a sero-
response rate for IgA against RRV of 76% was
achieved with 2 doses of RRV-TV 4 × 105

PFU/dose, compared with 48% with 1 dose, and
the second dose increased the rate of neutralising
antibody response to human serotypes G1, G3 and
G4 (table II). However, with 4 × 104 PFU/dose sim-
ilar seroresponse rates were seen with 1 and 2
doses.

In the studies presented in tables I and II,
seroresponse rates for IgA against RRV were 48 to
74% in infants who received a single dose of RRV-
TV, 70 or 76% in those who received 2 doses and
56 to 93% among those who received 3 doses.
Seroresponse rates measured after the third dose
were higher than after the first dose in the three
3-dose studies that reported rates at both time
points.[33,37,38]

Further comparative data are required to deter-
mine the optimal immunogenic titre for RRV-TV;
it may depend on the population being vaccinated.
In a single-dose US study, immunogenicity (IgA
against RRV or neutralising antibodies to RRV)
was significantly greater with 4 × 106 PFU than 4
× 105 PFU,[2] but this was not replicated in a 3-dose
Venezuelan study[33] (table I). Considering the data
obtained after a single dose and presented in tables
I and II, seroresponse rates for IgA against RRV
were 59 to 74% with RRV-TV 4 × 104 PFU, 48 or
49% with 4 × 105 PFU and 69% with 4 × 106 PFU.
After 2 doses, the seroresponse rate was 70% with
RRV-TV 4 × 104 PFU/dose and 76% with RRV-TV
4 × 105 PFU/dose. After 3 doses, seroresponse rates
were 58 to 75% with RRV-TV 4 × 104 PFU/dose,
56 to 93% with 4 × 105 PFU/dose and 79% with 4
× 106 PFU/dose.

The seroresponse rates induced by a single dose
of RRV-TV containing 1 × 104 PFU of each com-
ponent serotype did not differ significantly from
those induced by a vaccine containing 1 × 104 PFU
each of the serotype G1 (D × RRV) reassortant and
RRV (corresponding to serotype G3) plus 5 × 104

PFU each of the serotypes G2 (DS-1 × RRV) and
G4 (ST-3 × RRV) reassortants (balanced RRV-TV;
table II).[42]

2.1.2 Effect of Infant Age
The immunological immaturity of neonates

could theoretically hamper the immunogenicity of
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Table I. Immunological response to oral tetravalent human-rhesus reassortant rotavirus vaccine (RRV-TV) compared with placebo. Percentage of infants with a seroresponse after
the final vaccine dose in trials in healthy infants aged 1 to 6 months. Seroresponse is defined as a ≥4-fold increase in antibody titre compared with previous or baseline serum
samples, unless otherwise stated

Reference
 (country)

Age at
1st dose
(wk)

No. of
evaluable
participantsa

RRV-TV
dose (PFU)

No. of
doses
[time
between
doses
(wk)]

ELISA IgA
against RRV
(% infants with
seroresponse)

Neutralising antibody assayb (% infants with
seroresponse)

Comments

RRV hG1 
(Wa)c

hG2
 (DS-1)c

hG3 
(P)c

hG4
(ST-3)c

Dennehy et al.[2]

(US)
6-24 182 (total) 4 × 105 d 1 49* 67*  9*  5  9*  5 Breast feeding ad libitum; OPV

separated by ≥2wk; vaccine
suspended in buffere

4 × 106 d 1 69*† 86*†  3*  2 17*  2

Placebo 1  0  0  0  0  0  0

Pérez-Schael et
al.[32] (Venezuela)

10-20 18-19 4 × 104 d 1 74f 74 58 33 42 32 Breast feeding withheld 2h
before and 1h after; not stated
whether other vaccines
administered; large-volume
bufferg given before vaccination

58 Placebo 1 10 NR NR NR NR NR

Flores et al.[33] 
(Venezuela)h

8-10 29-97 4 × 105 d 3 [4-6] 80f 88 52 33 38 53 Breast feeding withheld 1h
before and after; OPV
separated by 2wk; large-volume
bufferg given before vaccination

27-92 4 × 106 d 3 [4-6] 79f 90 47 48 37 47

90 Placebo 3 [4-6] 26 NR NR NR NR NR

Joensuu et al.[34]

(Finland)
7-18 93 4 × 105 d 3 [3-12] 89f,i NR NR NR NR NR Breast feeding ad libitum;

received IPV rather than OPV;
vaccine suspended in buffere

98 Placebo 3 [3-12]  7i NR NR NR NR NR

Lanata et al.[35]

(Peru)
≈8 25-102 4 × 104 d 1 59** NR 36*j 24j 36**j 28*j Breast feeding withheld 1h

before and after; received IPV
rather than OPV; large-volume
bufferg given before vaccination

25-103 4 × 104 d 3 [≈4] 75** NR 36*j 16j 32**j 28*j

25-102 Placebo 3 [≈4] 24 NR  8  4  0  0

Linhares et al.[36]

(Brazil)
4-8 121 4 × 104 d 3 [≈8] 58** 62** 19 19* 16 15 Breast feeding withheld 1h

before and after; OPV
separated by at least 2wk; large-
volume bufferg given before
vaccination

40 Placebo 3 [≈8] 33  8 10  5  5  8

Pérez-Schael et
al.[37] (Venezuela)

8-10 38-40 4 × 105 d 3 [≈4] 84** 77** 45 33** 28* 10k Breast feeding withheld 1h
before and after; OPV
separated by 2 to 4wk; large-
volume bufferg given before
vaccination and vaccine
suspended in buffere

50-51 Placebo 3 [≈4] 22  2 22  2  8 10k
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RRV-TV. Furthermore, the presence of maternally
acquired antibodies may interfere with the re-
sponse to the vaccine.[27]

The results of an Israeli study in neonates sug-
gest that RRV-TV produces a moderate anti-RRV
antibody response, but no significant neutralising
antibody responses against human serotypes, in
this age group.[45] 152 evaluable full-term neonates
received a single buffered dose of RRV-TV 4 × 104

PFU at 2 days of age, a buffered dose of RRV-TV
4 × 104 PFU at both 2 days and 6 to 8 weeks of age,
or placebo. 36% of the single-dose RRV-TV recip-
ients and 3% of placebo recipients became sero-
positive for IgA against RRV (titre ≥1 : 50). Fewer
than 10% of RRV-TV recipients had a ≥4-fold in-
crease in titre for neutralising antibody to human
serotype G1, G2 or G3. The second dose of RRV-
TV at 6 to 8 weeks of age did not boost the immu-
nological response; the seropositivity rate for IgA
against RRV was 34% in this group. The geometric
mean titre (GMT) for neutralising antibody to RRV
increased in the vaccinated infants, whereas it de-
clined substantially in the placebo recipients, over
the 3 months of the study. GMTs for neutralising
antibodies to human serotypes declined in all
groups.

Seroconversion rates were not greatly increased
by administration of a higher vaccine dose in an-
other study in neonates by the same investiga-
tors.[46] Seroconversion for IgA against RRV (cri-
teria not defined) was achieved in 23% of the 47
neonates who received 2 doses of 4 × 104 PFU/dose
and 31% of the 46 who received 2 doses of 4 × 105

PFU/dose.
However, measurement of serum antibodies

alone may underestimate the response to vaccina-
tion in neonates. In a different analysis of the above
study, the serum response rate for IgA and/or neu-
tralising antibody to RRV was 50% in neonates
who received RRV-TV 4 × 104 PFU/dose and 65%
in those who received 4 × 105 PFU/dose, but the
response rates increased to 74 and 79%, respec-
tively, when both serum and salivary responses
were considered.[47] In this analysis, response was
defined as a >1 : 25 titre of IgA against RRV in

Landscape table I (contd)
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Simasathien et
al.[38] (Thailand)

≈8 52-94 4 × 104 d 3 [≈8] 67** l 49** m 21* 19 27** 31* No breast feeding immediately
prior to vaccination; received IPV
rather than OPV; large-volume
buffern given before vaccination

56-93 Placebo 3 [≈8] 16l 14m  2  9  4 13

a In some studies, the number of participants from whom serum samples were taken varied between tests.

b Measured by enzyme-linked immunosorbent antigen reduction, fluorescent focus reduction, plaque reduction neutralisation or tube neutralisation assay.

c The human rotavirus strain against which antibodies were raised is in parentheses, unless otherwise stated.

d 1 × 104 [ 32,35,36,38] 1 × 105 [ 2,33,34,37] or 1 × 106 [2,33] PFU each of the serotype G1 (D × RRV), G2 (DS-1 × RRV) and G4 (ST-3 × RRV) reassortants and RRV (corresponding to serotype G3).

e 3ml of sodium citrate-bicarbonate buffer. Where defined, this contained sodium bicarbonate 300 mmol/L or 25.6 μg/L plus sodium citrate 9.6 μg/L or citric acid 33 mmol/L.

f Statistical significance versus placebo not reported.

g 30ml of milk or soy formula containing sodium bicarbonate 400mg.

h Criteria for seroresponse not stated.

i Percentage of infants who became seropositive for rotavirus IgA (≥1 : 25). No infants were seropositive before vaccination.

j Neutralising antibody tests were conducted only in vaccine recipients who had a seroresponse for IgA against RRV.

k Serological response against human serotype G4 strain VA70.

l Percentage of infants with an increase in titre from <1 : 25 to ≥1 : 50 or a ≥4-fold increase.

m Percentage of infants with an increase in titre from <1 : 200 to ≥1 : 400 or a ≥4-fold increase.

n 30ml of soy formula.

Abbreviations and symbols: ELISA = enzyme-linked immunosorbent assay; hG = human serotype G; IPV = injectable inactivated poliovirus vaccine; NR = not reported; OPV = oral
poliovirus vaccine; PFU = plaque-forming units; RRV = rhesus rotavirus; * p ≤ 0.05, ** p ≤ 0.005 vs placebo; † p ≤ 0.05 vs comparator dose.
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Table II. Immunological response to oral tetravalent human-rhesus reassortant rotavirus vaccine (RRV-TV) compared with other rotavirus vaccines in placebo-controlled trials.
Percentage of infants with a seroresponse after the final vaccine dose in trials in healthy infants aged 1 to 6 months. Seroresponse is defined as a ≥4-fold increase in antibody titre
compared with previous or baseline serum samples

Reference
 (country)

Age at
first dose
(wk)

No. of
evaluable
participantsa

Vaccine and
dose (PFU)

No. of
doses
[time
between 
doses
(wk)]

ELISA IgA against
RRV (% infants
with seroresponse)

Neutralising antibody assayb (% infants with
seroresponse)

Comments

RRV hG1
(Wa)c

hG2
(DS-1)c

hG3 
(P)c

hG4
(ST-3)c

Comparisons with the monovalent serotype G1 human-rhesus reassortant rotavirus vaccine RRV-S1

Bernstein et al.[39] 
(US)

4-26 155 RRV-TV 4 ×
104 d

3 [≥2] 74** 88**†† 19* 26**†† 26**†† 28**†† Breast feeding withheld for 30
min before and after;
concurrent administration of
OPV permitted; large-volume
buffere given before
vaccination

153 RRV-S1 4 ×
104

3 [≥2] 70** 65** 43**††  9**  7 10*

164 Placebo 3 [≥2] 10  2  9  0  9  4

Rennels et al.[40] 
(US)

5-25 185 RRV-TV 4 ×
105 d

3 [≥3] 56f,g 90f,g 14f 31††f 29††f 14††f Not stated whether breast
feeding permitted; concurrent
administration of OPV
permitted; vaccine suspended
in bufferh

175 RRV-S1 4 ×
105 d

3 [≥3] 65f 76f 34†f  5f  2f  2f

193 Placebo 3 [≥3]  2  2  1  0  1  2

Santosham et al.[41]

(US)
6-24 58-217 RRV-TV 4 ×

105 d
3 [≥3] 93f 83f 24f 24†f 26†f 19f Not stated whether breast

feeding permitted; concurrent
administration of OPV
permitted; vaccine suspended
in bufferh

73-243 RRV-S1 4 ×
105 

3 [≥3] 88f 82f 37f  7f 11f 12f

70-228 Placebo 3 [≥3] 20  7  3  0  6  4

Comparisons with the neonatal human serotype G1 rotavirus vaccine M37

Flores et al.[42] 
(Venezuela)

10-20 23 RRV-TV 4 ×
104 d

1 74f,i 70 39i 17i 35i 35i Breast feeding withheld 2h
before and 1h after; not stated
whether other vaccines
administered; large-volume
buffere given before
vaccination

22 RRV-TV
balanced j

1 86f,i 73 41i 27i 32i 32i

22 M37 1 × 104 1 50f NR 27  9  5 27

22 Placebo 1  5 NR NR NR NR NR

Pérez-Schael et al.[43]

(Venezuela)
10-20 31-32 RRV-TV 4 ×

104 d
1 63f,i 59 22i 16i 19i 19i Not stated whether breast

feeding permitted or other
vaccines administered; large-
volume buffere given before
vaccination

27-30 RRV-TV 4 ×
104 d

2 [4] 70f,i 83 27i 10i 31i 22i

29-31 M37 1 × 104 1 32* NR 13  3 13 28

29 Placebo 2 [4]  3 NR NR NR NR NR
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serum and/or saliva, or a ≥1 : 200 titre of neutralis-
ing antibody to RRV in serum. Whether measure-
ment of salivary response accurately reflects the
response to vaccine in breast-fed infants needs to
be determined, as antibodies derived from colos-
trum or breast milk may be present.

The effect of age at vaccination was investi-
gated in a study in which infants aged 6 to 12 weeks
or 16 to 24 weeks received a single dose of RRV-
TV 4 × 105 or 4 × 106 PFU (fig. 1).[2] Seroconver-
sion rates and GMTs (IgA against RRV and neu-
tralising antibody to RRV) were significantly
greater in the older than the younger infants when
data for both doses were combined (p ≤ 0.05).

2.1.3 Effect of Breast Feeding
Theoretically, breast feeding could interfere

with the immune response to RRV-TV because ma-
ternal antibodies and nonspecific inhibitors can be
transferred through breast milk. However, the im-
munological response to RRV-TV 4 × 104 PFU was
not significantly lower in infants aged ≥4 weeks
who were normally breast fed than in those who
were not normally breast fed in studies in which
breast feeding was withheld for 0.5 to 2 hours be-
fore and after vaccination.[44,48,49] Furthermore, the
response to RRV-TV was not impaired in infants
who received breast milk in lieu of a buffer imme-
diately before vaccination.[44]

In one of the studies in neonates previously de-
scribed in section 2.1.2, a nonsignificant trend to-
wards a lower seroresponse rate to RRV-TV 4 × 104

PFU was observed in those who were breast fed
compared with those in whom breast feeding con-
stituted ≤10% of their total feeding.[45] The rate of
seroresponse according to any assay (IgA against
RRV and/or neutralising antibody to RRV and/or
human serotypes) was 42% in breast-fed compared
with 60% in nonbreast-fed infants. In this study,
breast feeding was withheld for 1.5 hours before
and after vaccination.

2.1.4 Effect of Concomitant Use of Oral 
Poliovirus Vaccine
RRV-TV 4 × 104 or 4 × 105 PFU/dose does not

have a significant effect on the immune response
to OPV, although slight suppression of the re-

table II (contd)
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Pérez-Schael et al.[43]

(Venezuela)
10-20 23-27 RRV-TV 4 ×

105 d
1 48f,i 63f,i 38f,i 38f,i 28f,i 19f,i Not stated whether breast

feeding permitted or other
vaccines administered; large-
volume buffere given before
vaccination

24-25 RRV-TV 4 ×
105 d

2 [4] 76f,i 72f,i 68f,i 36f,i 56f,i 44f,i

27-31 M37 1 × 105 1 50f NR 31f 16f 35f 21f

26-27 M37 1 × 105 2 [4] 44f 19f 31f  8f 19f 35f

20-26 Placebo 2 [4] 12 10 13 13  8  0

a In some studies, the number of participants from whom serum samples were taken varied between tests.

b Measured by enzyme-linked immunosorbent antigen reduction, fluorescent focus reduction, plaque reduction neutralisation or tube neutralisation assay.

c The human rotavirus strain against which antibodies were raised is in parentheses, unless otherwise stated.

d 1 × 104 [39,42,43] or 1 × 105 [40,41,43] PFU each of the serotype G1 (D × RRV), G2 (DS1 × RRV) and G4 (ST-3 × RRV) reassortants and RRV (corresponding to serotype G3).

e 30ml of milk or soy formula containing sodium bicarbonate 400mg.

f Statistical significance versus placebo not reported.

g Statistical significance versus RRV-S1 not reported.

h 3ml of sodium citrate-bicarbonate buffer. Where defined, this contained sodium bicarbonate 300 mmol/L or 25.6 mg/ml plus sodium citrate 9.6 mg/ml or citric acid 33 mmol/L.

i Statistical significance versus M37 not reported.

j 1 × 104 PFU each of the serotype G1 (D × RRV) reassortant and RRV plus 5 × 104 PFU each of the serotypes G2 (DS-1 × RRV) and G4 (ST3 × RRV) reassortants.

Abbreviations and symbols: ELISA = enzyme-linked immunosorbent assay; hG = human serotype G; NR = not reported; OPV = oral poliovirus vaccine; PFU = plaque-forming units;
RRV = rhesus rotavirus; * p ≤ 0.05, ** p ≤ 0.005 vs placebo; † p ≤ 0.05, †† p ≤ 0.005 vs comparator vaccine.
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sponse to poliovirus serotype 1 has been observed
in both a US and a Thai study.[49-51]

Concurrent administration of OPV with RRV-
TV reduces the IgA seroresponse to RRV, but this
may not be clinically important when a full 3-dose
schedule is administered (see section 3.1.2).[50,51]

Neutralising antibody responses are not signifi-
cantly affected.

2.1.5 Effect of Buffering
Rotavirus is acid labile, but can survive if the

pH of the stomach is buffered.[4] In all of the studies
presented in tables I and II, the vaccine was
buffered in some way.

The immunogenicity of unbuffered RRV-TV 4
× 104 PFU was compared with that of RRV-TV with
small-volume buffer (sodium bicarbonate 64mg +
sodium citrate 24mg in 2.5ml water) or large-vol-
ume buffer (sodium bicarbonate 400mg in 25ml
soybean formula) in a US single-dose study involv-

ing 135 infants aged 6 to 16 weeks.[49] The buffer
was administered 5 minutes before RRV-TV. All
neonates also received OPV. The seroresponse rate
for IgA against rotavirus was significantly lower in
infants who received unbuffered vaccine (23%) than
in those who received vaccine with small-volume
buffer (45%) or large-volume buffer (49%).

In a study in which a single dose of unbuffered
RRV-TV was administered to 36 infants aged 6
weeks to 4 months, the seroresponse rate (IgA, IgM
or IgG against RRV, or neutralising antibodies to
RRV or human serotypes) was 22% in those who
received 1 × 104 PFU and 61% in those who re-
ceived 1 × 105 PFU.[52] However, it is difficult to
compare these results with those of other studies
using buffered vaccine because the vaccine dose
was one-quarter of that used elsewhere and IgG and
IgM against RRV were measured as well as IgA.

Breast feeding in itself may provide an adequate
buffer to prevent acid-mediated inactivation of the
vaccine. Seroresponse rates after a single dose of
RRV-TV 4 × 104 PFU were not significantly differ-
ent between infants who were breast fed immedi-
ately before vaccination and those who received a
buffer.[44]

2.2 Comparisons with Other 
Rotavirus Vaccines

When compared with a monovalent human-
rhesus reassortant rotavirus vaccine (RRV-S1) di-
rected against serotype G1, RRV-TV had similar
general immunogenicity, as measured by IgA
against RRV, in 3 comparative trials conducted in
the US.[39-41] However, RRV-TV had significantly
greater immunogenicity against human serotypes
G2 and G3 (table II). The immunogenicity of RRV-
TV against human serotype G4 was also signifi-
cantly greater than that of RRV-S1 in 2 of the stud-
ies.

RRV-S1 induced higher seroresponse rates than
RRV-TV for neutralising antibody to human sero-
type G1; this was statistically significant in 2 of the
3 studies. The difference may have been because
RRV-S1 contained a higher titre of serotype G1
reassortant (4 × 104 or 4 × 105 PFU/dose compared
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Fig. 1. Effect of age on seroresponse to tetravalent human-rhesus
reassortant rotavirus vaccine (RRV-TV).[2] The seroresponse
(≥4-fold increase in antibody titre) rate after a single dose of
RRV-TV 4 × 105 or 4 × 106 PFU was compared between 71 infants
aged 6 to 12 weeks and 51 infants aged 16 to 24 weeks. No
statistical analysis was reported for the data as presented, but
seroresponse rates were significantly higher in older infants
when data for both doses were combined. Abbreviations: PFU =
plaque-forming units; RRV = rhesus rotavirus.
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with 1 × 104 or 1 × 105 PFU/dose in RRV-TV), or
it may indicate that interference between the
reassortants reduced the immune response to indi-
vidual strains.[30,31] Such interference between
reassortants has been previously reported.[53,54]

RRV-TV 4 × 104 or 4 × 105 PFU/dose was com-
pared with the human serotype G1 strain M37 vac-
cine 1 × 104 or 1 × 105 PFU/dose in Venezuelan
studies, but no statistical analyses of differences in
immunogenicity between the vaccines were pro-
vided.[42,43] The seroresponse rates for IgA against
RRV tended to be higher with RRV-TV than with
M37 (table II). The seroresponse rates for neu-
tralising antibody to RRV ranged from 59 to 83%
(mean 69%) with RRV-TV, and the seroresponse
rates for neutralising antibody to M37 ranged from
33 to 78% (mean 60%) with the M37 vaccine.
RRV-TV tended to induce higher seroresponse
rates than M37 for neutralising antibodies against
human serotypes G1, G2 and G3 (table II). Sero-
response rates were generally similar for neutralis-
ing antibody against the human serotype G4 strain
ST-3, with which M37 shares VP4 specificity.

3. Protective Efficacy

The efficacy of RRV-TV in preventing rotavirus
gastroenteritis was assessed in 7 trials involving a
total of 8720 evaluable infants aged 1 to 6 months
from 5 countries (table III).[34-37,39-41]

The methodology of these studies is largely de-
scribed in section 2. The relative efficacy of RRV-
TV was calculated as the percentage reduction in
the incidence of rotavirus diarrhoea[35-37] or gastro-
enteritis[34,39-41] in those who received RRV-TV
compared with the placebo group, with assess-
ments starting approximately 2 weeks after the
third vaccine dose and continuing for up to 2 years.
Diarrhoea was defined as 3 or more looser-than-
normal stools in a 24-hour period or a single stool
with blood. The relationship of diarrhoea or vom-
iting to rotavirus infection was determined by the
presence of rotavirus antigen according to ELISA
performed on a stool specimen.

3.1 Comparisons with Placebo

RRV-TV significantly reduced the incidence of
rotavirus gastroenteritis in efficacy trials con-
ducted in developed countries. Relative efficacies
of 49 to 68%, compared with placebo, were
achieved after 3 doses of 4 × 104 PFU/dose in a US
study[39] or 3 doses of 4 × 105 PFU/dose in 2 other
US studies (one of which involved native Ameri-
can children)[40,41] and a Finnish study.[34]

The efficacy of RRV-TV in trials conducted in
developing countries was inconsistent, and the re-
sults indicated that a higher titred vaccine is re-
quired for adequate efficacy in these areas. The
efficacy of 3 doses of RRV-TV 4 × 105 PFU/dose
in Venezuela[37] (relative efficacy 48%; table III)
was similar to that achieved in the US and Finland.
However, when a lower titred vaccine (4 × 104

PFU/dose) was administered in a Peruvian study,
neither 1 nor 3 doses was significantly protec-
tive.[35] The relative efficacy of RRV-TV 4 × 104

PFU/dose was also low (35%; table III) in a Bra-
zilian study, although the effect was statistically
significant compared with placebo.[36]

Bad sanitary conditions, poor nutritional status
of infants and/or viral interference in a setting of
high transmission of enteric organisms also may
have contributed to the poorer performance of
RRV-TV in Peru and Brazil.[56] The background
level of diarrhoea of any aetiology was consider-
ably higher in these countries (8 and 6 episodes per
child-year, respectively, in Peru and Brazil) than in
Venezuela (2 episodes per child-year).[24,35-37]

The efficacy of RRV-TV was most evident in
the first year after vaccination. The primary effi-
cacy analysis of the study in native American in-
fants was for the first year of surveillance, but
follow-up was continued for a second year.[41] Dur-
ing the second year there was a large decrease in
the number of rotavirus gastroenteritis episodes in
all groups. Under these conditions, RRV-TV did
not demonstrate overall protective efficacy, al-
though some protection against the most severe ep-
isodes was maintained (relative efficacy 44%). In
the Brazilian study, the relative efficacy of RRV-
TV declined from 57% in the first year to 12% in
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the second year.[36] In the Finnish study, vaccine
efficacy against any rotavirus gastroenteritis de-
clined from 83% in the first year to 63% in the
second, but efficacy against severe episodes was
maintained at ≥90% in both years.[34] Only a small
decrease in efficacy (from 64% in the first year to 48%
in the second year) was observed in a US study.[39]

RRV-TV is effective against rotavirus diarrhoea
caused by different serotypes. Protection against ill-
ness caused by serotype G1 or G3 was evident in US
studies both when serotype G1 predominated[39,40]

and when serotype G3 predominated.[41] The effi-
cacy of RRV-TV was similar for rotavirus gastro-
enteritis caused by serotype G1 or G4 in the Finn-
ish study.[34] In the Peruvian study, there was a
trend towards RRV-TV being more effective
against serotype G1- than G2-associated illness,[35]

but protection against serotype G2 was observed in
the Brazilian study.[36]

3.1.1 Efficacy against Severe Disease
Severity of rotavirus gastroenteritis in the effi-

cacy studies was primarily assessed by various

Table III. Prevention of rotavirus gastroenteritis by oral tetravalent human-rhesus reassortant rotavirus vaccine (RRV-TV). Randomised,
double-blind, placebo-controlled trials in which healthy infants aged ≤6 months received 1 or 3 doses of vaccine

Reference 
(country)

No. of evaluable
participants [age
at first dose (mo)]

Vaccine and dose (PFU) 
[no. of doses]

Duration of
follow-up

Relative efficacy compared with placebo (%)a

any RV
gastroenteritis

moderate/
severe RV
gastroenteritisb

most severe
RV
gastroenteritisb

Comparisons with placebo

Joensuu et al.[34]

(Finland)
2273 [1-4] RRV-TV 4 × 105 c [3] 1 or 2 RV

seasonsd
68 91 100

Lanata et al.[35]

(Peru)
638 [≈2] RRV-TV 4 × 104 c [1] 2 years after

last dose
18 36

RRV-TV 4 × 104 c [3] 24 30

Linhares et al.[36]

(Brazil)
466 [1-2] RRV-TV 4 × 104 c [3] 2 years after

1st dose
35 46

Pérez-Schael et
al.[37] (Venezuela)

2207 [2] RRV-TV 4 × 105 c [3] 19-20mo after
last dose

48 47 88

Placebo-controlled comparisons with oral monovalent serotype G1 human-rhesus reassortant rotavirus vaccine (RRV-S1)

Bernstein et al.[39]

(US)
898 [1-6] RRV-TV 4 × 104 c [3] End of 2nd

RV season
57 59 82

RRV-S1 4 × 104 [3] 40 39 73

Rennels et al.[40]

 (US)
1187 [1-6] RRV-TV 4 × 105 c [3] End of 1st RV

season
49 68 80

RRV-S1 4 × 105 [3] 54 56 69

Santosham et al.[41]

(USe)
1051 [1-6] RRV-TV 4 × 105 c [3] 1yf 50 69

RRV-S1 4 × 105 [3] 29 48

a Percentage reduction in the incidence of RV diarrhoea[35-37] or gastroenteritis[34,39-41] relative to placebo.

b Severity of RV gastroenteritis was assessed by scoring systems modified from that of Flores et al.[55] Clinical signs and symptoms such
as the duration and frequency of diarrhoea and vomiting, temperature, dehydration and need for hospitalisation were scored to a maxi-
mum of 20 points. Moderate/severe episodes were those that scored ≥9 in the studies by Lanata et al.[35], Rennels et al.[40] and Lin-
hares et al.[36], those that scored 9-14 in the studies by Bernstein et al.[39] and Pérez-Schael et al.[37], and those that scored ≥11 in the
study by Joensuu et al.[34] Most severe episodes were those that scored ≥15 in Bernstein et al.,[39] Rennels et al.[40], Pérez-Schael et
al.,[37] Joensuu et al.[34] and Santosham et al.[41]

c 1 × 104 [35,36,39] or 1 × 105 [34,37,40,41] PFU each of the serotype G1 (D × RRV), G2 (DS-1 × RRV) and G4 (ST-3 × RRV) reassortants and
RRV (corresponding to serotype G3).

d Whether follow-up included 1 or 2 RV seasons was dependent on the date of enrolment of the infant into the study.

e Study conducted in native American populations.

f Primary efficacy analysis.

Abbreviations and symbols: PFU = plaque-forming units; RRV = rhesus rotavirus; RV = rotavirus.
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scoring systems modified from that of Flores et
al.[55] Clinical signs and symptoms such as the du-
ration and frequency of diarrhoea and vomiting,
temperature, dehydration and need for hospitalisa-
tion were scored to a maximum of 20 points.

RRV-TV selectively protected against more se-
vere rotavirus disease (table III). In particular, 69
to 100% protection against the most severe epi-
sodes of rotavirus gastroenteritis (severity score
≥15) was achieved in US, Finnish and Venezuelan
studies,[34,37,39-41] The other studies also identified
some indicators of severe disease against which
RRV-TV was effective. For instance, in the first
year of the Brazilian study, RRV-TV was 84% ef-
fective in preventing rotavirus diarrhoea associ-
ated with ≥6 liquid stools within 24 hours.[36] Al-
though not significantly protective overall in the
Peruvian study, RRV-TV demonstrated significant
protective efficacy against rotavirus diarrhoea as-
sociated with fever, with vomiting or with ≥6 liq-
uid or semi-liquid stools within 24 hours; relative
efficacy rates of 35 to 40% after 3 doses of vaccine
were achieved against gastroenteritis episodes as-
sociated with these specific characteristics.[35]

Rotavirus is particularly prone to cause dehy-
drating diarrhoea.[16,57] The protective efficacy of
RRV-TV against dehydrating rotavirus diarrhoea
was 75% in the Venezuelan study (in which this
was the primary end-point),[37] 100% in one of the
US studies[40] and 97% in the Finnish study.[34]

However, no significant protection against dehy-
dration was seen in the Peruvian[35] or Brazilian[36]

studies.
Importantly, RRV-TV provided 100% protec-

tion against hospitalisation for rotavirus gastroen-
teritis in the Finnish study[34] and 70% protection
in the Venezuelan study.[37] The number of physi-
cian visits was reduced by 69 to 78% in the RRV-
TV group compared with the placebo group in US
and Finnish studies.[34,39,40] Health service use was
reduced by about 20% in RRV-TV recipients in the
Peruvian and Brazilian studies, but the difference
in use of health services between the vaccine and
placebo groups was not statistically signifi-
cant.[35,36]

The duration of rotavirus diarrhoea was reduced
by 75% in RRV-TV recipients compared with pla-
cebo recipients in the only study to report this pa-
rameter.[39] The vaccine was 71% protective
against rotavirus diarrhoea of >4 days’ duration in
the Venezuelan study[37] and 97% protective
against rotavirus diarrhoea of >5 days’ duration in
the Finnish study.[34]

Further analysis of the data from 2 of the US
studies suggests that RRV-TV shifts the spectrum
of rotavirus infection from symptomatic to asymp-
tomatic, and from asymptomatic to no infec-
tion.[30,31] The severity of gastroenteritis when it
developed also tended to be less in vaccinated chil-
dren.[39]

3.1.2 Effect of Breast Feeding, Oral Poliovirus
Vaccine and Infant Age
In line with immunological findings (see sec-

tion 2.1.3), the protective efficacy of 3 doses of
RRV-TV 4 × 104 PFU/dose was not reduced in nor-
mally breast-fed infants compared with nonbreast-
fed infants.[48] The protective efficacy of 3 doses
of RRV-TV 4 × 105 PFU/dose was not reduced by
concurrent administration of OPV.[51]

Age at the time of first vaccination did not have
a significant effect on the protective efficacy of 3
doses of RRV-TV 4 × 104 PFU/dose in US infants
aged ≥4 weeks.[48] When the efficacy of the vac-
cine was analysed according to the age of the infant
at the time of the onset of rotavirus diarrhoea in the
Venezuelan study, RRV-TV was more effective in
infants aged >12 months compared with younger
infants (relative efficacy 61 vs 41%; no statistical
comparison reported).[37] However, the reverse
was observed among native American infants, in
whom the vaccine was most effective during the
first year of life.[41] The efficacy of RRV-TV in
neonates has not been studied.

3.1.3 Transmission of Vaccine Virus
The potential of RRV-TV to induce herd immu-

nity requires further evaluation. Horizontal trans-
mission of vaccine virus was evident in 14% of
infants with rotavirus-positive diarrhoea in the
Venezuelan study, occurring with similar fre-
quency in placebo and RRV-TV recipients.[37]
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It is not known if transmitted vaccine virus stim-
ulated antibody responses, thereby protecting pla-
cebo recipients from rotavirus disease. If so, this
would have masked the true relative efficacy of the
vaccine in the clinical trial, but could be advanta-
geous when the vaccine is used in the community.

3.2 Comparisons with Monovalent 
Rotavirus Vaccine

As previously described in section 2.2, RRV-TV
was compared with the monovalent serotype G1
reassortant vaccine RRV-S1 in 3 large US trials
(table III).[39-41] The overall relative efficacy rates
for RRV-TV and RRV-S1 did not differ signifi-
cantly, regardless of the severity of the rotavirus
gastroenteritis. However, interesting differences in
efficacy between RRV-TV and RRV-S1 were seen
when rotavirus-associated diarrhoea was divided
into serotype-specific episodes.

In a 2-year study,[39] both vaccines provided sig-
nificant protection against serotype G1-specific
rotavirus gastroenteritis during the first year, when
93% of rotavirus-associated episodes of gastroen-
teritis were caused by this serotype.[39] The effi-
cacy of RRV-TV against serotype G1 rotavirus gas-
troenteritis was maintained in the second year,
whereas that of RRV-S1 declined substantially (fig.
2). In the second year, 35% of rotavirus-associated
episodes of gastroenteritis were caused by rota-
virus serotypes other than G1. Importantly, RRV-
S1 did not prevent these episodes, whereas RRV-
TV had a relative efficacy of 51% compared with
placebo against disease caused by serotypes other
than G1. These results suggest that RRV-S1 pro-
tects only during the first year after vaccination
and/or only against serotype G1 infections.

In a 1-year study,[40] the vaccines provided sim-
ilar protection against serotype G1 rotavirus gas-
troenteritis, but there was a trend towards RRV-TV
being more effective than RRV-S1 against serotype
G3 disease (relative efficacy 77 vs 45%).[40] Sero-
type G1 was responsible for 71% and serotype G3
was responsible for 19% of rotavirus gastroenteri-
tis episodes during this study. Similar results were
seen in a study in native Americans in which the

relative efficacy against serotype G3-associated
illness was 53% with RRV-TV and 20% with RRV-
S1.[41] As serotype G3 predominated in this study,
the overall efficacy of RRV-S1 was low (29%).

RRV-TV and RRV-S1 were similarly effective
in reducing the need for physician visits.[39,40]

However, RRV-TV reduced the duration of diar-
rhoea to a greater extent than RRV-S1 in the 1 study
that reported this parameter.[39]

4. Pharmacoeconomic Considerations

The potential economic effect of rotavirus vac-
cination has been addressed in 2 analyses in the US
and 1 in Finland. The results suggest that RRV-TV
could be cost saving, depending on the cost of vac-
cine supply and administration.

An analysis conducted in 1995 investigated the
cost effectiveness of routine administration of 3
doses of rotavirus vaccine concurrently with the
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Fig. 2. Relative efficacy of different rotavirus vaccines against
serotype G1 rotavirus gastroenteritis in the US.[39] 898 infants
aged 4 to 26 weeks received 3 doses of tetravalent human-rhe-
sus reassortant rotavirus vaccine (RRV-TV) 4 × 104 PFU/dose,
monovalent human-rhesus reassortant serotype G1 rotavirus
vaccine (RRV-S1) 4 × 104 PFU/dose or placebo. Relative effi-
cacy was the percentage reduction in the incidence of serotype
G1 gastroenteritis in vaccine recipients compared with placebo
recipients during the following rotavirus seasons. Abbreviation:
PFU = plaque-forming units.
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diphtheria-tetanus-pertussis (DTP) vaccine in in-
fants younger than 12 months in the US.[21] Calcu-
lations were based on the rotavirus vaccination
programme being implemented for 1 year and hav-
ing cost and outcome implications over a 5-year
period, using a hypothetical cohort of 4.1 million
children from birth to 5 years of age. The analysis
was conducted from the perspectives of both the
healthcare system (direct outpatient and inpatient
medical costs) and society (direct outpatient and
inpatient medical costs plus productivity costs at-
tributable to premature loss of life and parental
time lost from work).

On the basis of data on RRV-TV from the 2 US
efficacy trials (see table III),[39,40] it was assumed
that the vaccine would be 50% effective in prevent-
ing rotavirus diarrhoea and 75% effective in pre-
venting severe rotavirus diarrhoea. Adverse effects
of the vaccine were considered to be negligible and
were not considered. The vaccine coverage rate
was based on that achieved with the DTP vaccine.
The estimated duration of hospitalisation in those
who developed severe rotavirus diarrhoea was 3.75
days for unvaccinated infants and 2.5 days for vac-
cinated infants. Other estimates were derived from
published studies and/or national sources. Costs
were in 1993 US dollars, discounted at an annual
rate of 4%.

At a rotavirus vaccine cost of $US30 per dose,
the net saving to the healthcare system was calcu-
lated to be $US79 million ($US78 per case pre-
vented). The net savings from the societal perspec-
tive would be $US466 million ($US459 per case
prevented). The threshold price for the vaccine be-
low which the healthcare system would save
money was $US40 per dose using base-case esti-
mates, $US17 per dose using worst-case estimates
and $US74 per dose using best-case estimates.

Since the publication of this analysis, the US
Centers for Disease Control (CDC) have published
new estimates of rotavirus disease burden,[7] and
these may reduce the magnitude of the calculated
savings associated with RRV-TV. For instance, the
annual rate of rotavirus-associated hospitalisation
of unvaccinated children aged less than 5 years was

estimated in the analysis to be 104 000, whereas
the latest CDC estimate is 55 000.

Another pharmacoeconomic analysis[58] was
conducted concurrently with one of the US effi-
cacy trials; in this trial, 1187 infants received 3
doses of RRV-TV 4 × 105 PFU/dose, RRV-S1 4 ×
105 PFU/dose or placebo (see table III).[40] Data on
diagnoses, procedures and resource consumption
were collected from the study participants. Stand-
ardised costs were then applied to these data to
calculate direct medical and nonmedical costs and
indirect costs resulting from lost parental work
time. As no deaths or long-term morbidity occurred
in the trial, costs associated with these outcomes
were not considered, but those associated with ad-
verse effects were included. Costs were in 1992 US
dollars.

The median expected cost of rotavirus gastroen-
teritis was reduced by $US11 per infant by RRV-
TV and by $US12 per infant by RRV-S1. Thus,
vaccination with RRV-TV would be cost saving
provided that supply and administration of the vac-
cine cost <$US11 per infant. Sensitivity analyses
showed that RRV-TV could save up to $US40 per
infant, or potentially increase costs by $US6 per
infant.

Based on these figures, the estimated reduction
in total annual cost of rotavirus gastroenteritis with
RRV-TV vaccination would be $US45 million
when applied to a cohort of 4.1 million children
and considered from a societal perspective; the
cost of the vaccination programme would then
need to be deducted. This cost reduction is consid-
erably less than that calculated in the other analysis
(a saving of $US466 million at a vaccine cost of
$US30 per dose). Actual savings are likely to lie
somewhere between these 2 calculated values. The
second analysis was limited by the fact that the
study population was not representative of the gen-
eral US population, that the infants were closely
monitored, and that follow-up was only for 1 year.

A cost-benefit analysis[59] was also performed
in conjunction with the Finnish efficacy study; in
this trial 2398 infants were enrolled to receive 3
doses of RRV-TV 4 × 105 PFU/dose or placebo (see
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table III).[34] The pharmacoeconomic analysis was
conducted from the societal perspective, with the
primary outcome being serious rotavirus gastroen-
teritis during an average of 1 year’s follow-up. Di-
rect and indirect costs associated with vaccination
(excluding the cost of the vaccine), treatment of
gastroenteritis and treatment of adverse effects
were considered.

The net reduction in costs (excluding the cost of
vaccine) was 109 Finnish marks [FIM (currency
year not stated); FIM1 ≈ $US0.18] per infant vac-
cinated with RRV-TV. For fully vaccinated infants
the net reduction in costs was FIM86 per infant,
ranging from FIM10 to 154 when sensitivity anal-
yses were applied. It was estimated that vaccina-
tion with RRV-TV could save up to 6 million per
year, depending on the cost of the vaccine.

5. Tolerability

This section is based on tolerability data from
15 placebo-controlled trials of RRV-TV involving
a total of approximately 10 900 healthy infants
aged 1 to 6 months.[2,32-43,49] Approximately 5100
of these infants received RRV-TV (1 to 3 doses of
4 × 104, 4 × 105 or 4 × 106 PFU/dose), whereas the
remainder received placebo or comparator vac-
cines. Reactions to the vaccine were detected by a
combination of parental monitoring and active fol-
low-up by study personnel for 5 to 7 days after each
vaccine dose.

RRV-TV was generally well tolerated and was
not associated with a significantly higher incidence
of vomiting or diarrhoea than placebo. However, a
mild, transient febrile reaction was noted in most
studies. This most commonly manifested as an in-
crease in rectal or axillary temperature to between
38 and 39°C (100.4 to 102.2°F) occurring 3 to 5
days after vaccination and resolving within 2 days.
More severe and/or prolonged fever was observed
occasionally.

The incidence of fever was significantly higher
on at least 1 day in RRV-TV recipients compared
with those who received placebo in 9 of the 15
studies reviewed.[33-37,39-42] Averaged over the 13
studies that provided adequate data,[2,32-35,37,39-43,49]

the incidence of fever (rectal or axillary tempera-
ture >38°C) during the 5 to 7 days of follow-up
after the first dose was 20% (median 21.5%) in
those who received RRV-TV and 11% (median 8%)
in placebo recipients. However, febrile reactions to
RRV-TV generally occurred less frequently after sub-
sequent doses than after the first dose.[33-36,39,40,43]

The average incidence of fever after the second or third
dose was 16% with RRV-TV and 15% with placebo
in the 6 studies that provided these data.[33-35,40,41,43]

The incidence of fever after the first dose varied
widely between studies, from 7 to 40% in RRV-TV
recipients and 0 to 42% in placebo recipients. This
may at least partly reflect febrile reactions to other
vaccines, since these were administered concur-
rently in some studies but not in others. For in-
stance, all infants received DTP plus injectable in-
activated poliovirus (IPV) vaccine concurrently
with RRV-TV or placebo in the study with the high-
est reported incidence of fever (40% in RRV-TV
recipients and 42% in placebo recipients after the
first dose).[35] Fever occurred most commonly in
the first 24 hours after vaccination in this study,
which suggests that it was mainly caused by the
DTP/IPV vaccine; fever caused by RRV-TV usu-
ally occurs 3 to 5 days after vaccination. The inci-
dence of febrile reaction to RRV-TV does not ap-
pear to be dose related at the doses studied (4 × 104,
4 × 105 or 4 × 106 PFU/dose).[2,33,43]

The MMU 18006 rhesus rotavirus strain, which
is contained in RRV-TV, causes chronic hepatitis in
immunodeficient mice.[60] However, measurement
of ALT levels 3 to 5 weeks after a single dose of
RRV-TV 4 × 105 or 4 × 106 PFU[2] or 3 doses of 4
× 104 PFU/dose[39] did not detect any significant
differences between RRV-TV and placebo recipi-
ents.

The extent of reactogenicity to RRV-TV appears
to depend on the age of the infant, as has been pre-
viously shown with the rhesus rotavirus vac-
cine.[61] A suggested reason for this is that high
levels of maternally acquired antibodies attenuate
reactogenicity. The incidence of fever (axillary
temperature >38°C) after a single dose of RRV-TV
4 × 105 or 4 × 106 PFU was significantly greater in
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infants aged 16 to 24 weeks than in those aged 6 to
12 weeks (17 vs 7%).[2]

Only minor adverse events occurred in full-term
neonates who received RRV-TV 4 × 104 PFU or
placebo 2 days after birth and a second dose of
vaccine or placebo at 6 to 8 weeks.[45] Rectal tem-
perature >38°C was recorded in 3 of 183 (1.6%)
vaccine recipients and no placebo recipients in the
10 days after the first dose.

In comparative studies, the incidence of adverse
events did not differ greatly between those who
received RRV-TV and those who received M37[42,43]

or RRV-S1,[39-41] although RRV-TV tended to be
associated with a higher incidence of fever.

6. Dosage and Administration

As the greatest morbidity and mortality associ-
ated with rotavirus gastroenteritis occurs in infants
aged <2 years (see section 1.4), the target popula-
tion for vaccination is young infants. On the basis
of present clinical trial data, the most appropriate
schedule for vaccination of infants appears to be 3
doses of 4 × 105 PFU/dose, administered between
2 and 7 months of age. The immunogenicity of
RRV-TV may be reduced by the presence of mater-
nally acquired antibodies in infants younger than 2
months (see section 2.1.2) and reactogenicity may
be greater in older infants (see section 5).

Concurrent administration of RRV-TV with
other injectable vaccines such as DTP is possible.
Data from the US suggest that OPV has no clini-
cally significant effect on the efficacy of RRV-TV,
but no data are available from developing coun-
tries. It is not known whether RRV-TV affects the
efficacy of OPV.

RRV-TV is administered orally. The vaccine
should be buffered to avoid inactivation of the
acid-labile virus. In clinical trials, the vaccine was
suspended in a sodium citrate-bicarbonate buffer
or was given after administration of 25 to 30ml of
milk or formula containing sodium bicarbonate
400mg. It is not necessary to withhold breast feed-
ing before vaccination.

7. Place of Tetravalent Human-Rhesus
Reassortant Rotavirus Vaccine in 
the Prevention of Paediatric 
Rotavirus Gastroenteritis

Rotavirus gastroenteritis is a major public
health burden throughout the world. In developing
countries, it is associated with substantial mortality
(more than 800 000 children per year). In devel-
oped countries, rotavirus accounts for a significant
proportion of hospitalisations for diarrhoea in in-
fants aged <5 years. In the US alone, the annual
cost of rotavirus disease has been estimated at
>$US1 billion per year.[7]

The efficacy of the first live attenuated rotavirus
vaccines to be tested varied widely. Studies of the
rhesus rotavirus vaccine (MMU 18006; serotype
G3 specificity) and bovine rotavirus vaccines
(WC3 and RIT 4237; serotype G6 specificity)
showed moderate or even high levels of protection
in some settings,[24,55,61-67] but in others the vac-
cines failed to provide significant protection
against rotavirus gastroenteritis.[68-76] Suggested
factors contributing to this variability were the dif-
ferences in infant ages between studies and differ-
ences in serotype specificity between the vaccine
and circulating wild-type rotavirus strains. The
vaccines did not appear to produce a sufficient het-
erotypic antibody response to be protective in
some situations, particularly in infants aged <6
months who had not been primed by previous in-
fection.[27,77,78]

Although the role of heterotypic versus homo-
typic immunity is unclear, the possibility that sero-
type-specific immunity is important in protection
against rotavirus gastroenteritis was the impetus
for developing the RRV-TV vaccine.[27,78] RRV-
TV generally induces a greater immunological re-
sponse to human rotavirus serotypes G2, G3 and
G4 than the serotype G1 reassortant vaccine RRV-
S1, and a greater immunological response to G1,
G2 and G3 than the human serotype G1 strain M37
vaccine (see section 2.2). Furthermore, RRV-TV
provides greater protection than RRV-S1 against
rotavirus gastroenteritis caused by serotypes other
than G1 (see section 3.2).
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An ideal rotavirus vaccine would prevent all
cases of rotavirus gastroenteritis. However, a more
realistic goal may be the prevention of severe dis-
ease in infants aged <2 years, considering that live
attenuated vaccines are unlikely to provide better
protection than natural infection.[27] In the case of
rotavirus infection, prior exposure largely protects
against development of severe disease, but protec-
tion against reinfection and milder disease is more
variable and is often not complete or durable.[11,79-83]

RRV-TV is more effective against severe rotavirus
gastroenteritis than less severe episodes; efficacy
rates of 69 to 100% against very severe disease
over a 2-year period have been demonstrated in the
US, Finland and Venezuela (see section 3.1.1).
However, the overall efficacy of RRV-TV may be
less than that of natural infection in some settings.
Among placebo recipients in one of the US studies,
infection with rotavirus in the first year provided
93% protection against rotavirus illness in the sec-
ond year,[84] whereas the vaccine had only 57%
protective efficacy.[39] Nevertheless, even with a
relatively moderate efficacy of 50%, RRV-TV
would prevent approximately 1 million cases of
rotavirus gastroenteritis per year in the US.[21,39]

It is promising that RRV-TV has demonstrated
efficacy in Venezuela as well as developed coun-
tries when given as 4 × 105 PFU/dose. However,
the poor performance of the vaccine when given in
a lower dose in Brazil and Peru highlights the
challenges that may be present in some developing
countries; even induction of natural immunity is
more difficult in these areas.[80,81,83] The presence
of other enteric pathogens and/or high maternally
acquired antibody levels may interfere with the im-
munogenicity of RRV-TV.[35,85] Use of high-titred
vaccine or optimisation of the vaccination schedule
may overcome these hurdles to some extent.[85]

Importantly for developing countries where most
infants are breast fed, present data suggest that the
immunogenicity and efficacy of RRV-TV are not
impaired by breast feeding.

The need for buffering of RRV-TV could be a
disadvantage in developing countries. However, a
reasonably practical small-volume buffer was used

successfully in several of the efficacy trials.[34,40,41]

There is also some evidence that breast feeding
alone may provide an adequate buffer. Alterna-
tively, microencapsulation of the vaccine might
eliminate the need for a buffer.[86]

Administering a complete 3-dose schedule of
RRV-TV could be logistically difficult in develop-
ing countries. Many infants are seen for routine
medical examination only at the time of birth.[45]

Thus, neonates would be a good target group for
vaccination. Immunogenicity studies based on se-
rum samples have not produced highly encourag-
ing results in neonates, but the response to vacci-
nation may have been underestimated (see section
2.1.2). Efficacy trials in this age group would be of
interest. Two-dose schedules for developing coun-
tries may also warrant further investigation, con-
sidering that the immunogenicity of RRV-TV 4 ×
105 PFU/dose was similar after 2 and after 3 doses
in the large Venezuelan study.[37]

An important issue for the feasibility and cost-
effectiveness of RRV-TV in both developing and
developed countries is whether it can be incorpo-
rated into routine childhood immunisation sched-
ules.[9,21,87] Data from the US suggest that OPV
does not interfere with the efficacy of RRV-TV to
a clinically important extent. However, OPV re-
duces the immunogenicity of RRV-TV and it is im-
portant to confirm that this does not impair the ef-
ficacy of RRV-TV in developing countries, where
protective immunity is more difficult to achieve.
Data are required to establish whether RRV-TV re-
duces the clinical efficacy of OPV. Again, this issue
is of greatest concern in developing countries,
where the potency of OPV tends to be inadequate
and the vaccine failure rate for poliovirus serotype
1 tends to be higher and wild poliovirus is still cir-
culating.[88,89]

Data from the US and Finland suggest that un-
der present conditions routine vaccination with
RRV-TV could be cost saving in developed coun-
tries, depending on the price of the vaccine. The
price of the vaccine is the pivotal issue for its use
in poor countries, which may have a total per capita
health expenditure of only $US5 to $20 per year.[56]
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The relative cost effectiveness of rotavirus vacci-
nation may be altered as more effective treatments
for rotavirus gastroenteritis, such as immunoglob-
ulin and probiotic therapy, become available.

RRV-TV provides a first step towards the pre-
vention of paediatric rotavirus gastroenteritis;
however, several questions remain (table IV), the
answers to which will be found only when the vac-
cine is introduced into routine vaccination sched-
ules. The vaccine may need to be adapted to incor-
porate other serotypes in order to have optimal
efficacy in areas with a significant prevalence of
rotavirus serotypes other than G1 to G4 (e.g. Brazil
and India).[8]

RRV-TV is a starting point from which even
more effective vaccines are likely to evolve as a
better understanding of the effectors of protective
immunity against rotavirus disease is gained.
Human-rhesus reassortant rotavirus vaccines in-
corporating genes encoding both VP7 and VP4,
and similar human-bovine reassortant vaccines,
are being investigated.[27] Other strategies being
researched include DNA vaccination,[90] live bac-
terial vectors expressing rotavirus viral pro-
teins,[91] subunit vaccines using baculovirus-
expressed virus-like particles,[92] cold-adapted
viruses,[27] microencapsulated viruses[93] and in-
clusion of VP6 and nonstructural protein 4 compo-
nents.[78,94]

In conclusion, incorporation of RRV-TV into
routine childhood immunisation schedules has the
potential to reduce the incidence of paediatric
rotavirus gastroenteritis by approximately 50% in
most settings. Importantly, the incidence of the
most severe cases could be greatly reduced, and the
vaccine is likely to prove cost saving in developed
countries. Although a better understanding of the
effectors of protective immunity against rotavirus
disease is needed to advance rotavirus vaccine re-
search, RRV-TV provides a good basis upon which
to make further refinements to increase protective
efficacy. RRV-TV is a significant advance in the
prevention of paediatric rotavirus gastroenteritis
worldwide.
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