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Summary Rotavirus is the most frequent agent of gastroenteritis in both industrialised 
and developing countries. It is responsible for a high number of deaths, hosp­
italisations and nosocomial infections. Besides rehydration, no specific therapy 
effective against the virus has so far been developed. However, immunotherapy 
involving oral administration of human serum immunoglobulin meets the criteria 
for ideal drug therapy for the following reasons: (a) commercially available im­
munoglobulin preparations have high neutralising antibody titres directed toward 
rota virus; (b) the antibodies survive the gastric barrier and remain active through­
out the intestine; (c) no adverse effects are associated with oral administration of 
immunoglobulin. 

Preliminary studies have shown the efficacy of a single oral administration of 
immunoglobulin to children with severe and protracted rota viral diarrhoea. Sub­
sequently, a double-blind case- and placebo-controlled trial showed that immu­
notherapy was effective in decreasing the severity of symptoms and the duration 
of diarrhoea, viral excretion and hospital stay in children admitted with acute 
rotaviral gastroenteritis. The cost effectiveness of immunotherapy was also 
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clearly proved. This therapy should therefore be considered for children admitted 
with rotaviral diarrhoea. 

Because rotavirus is a large scale worldwide problem, attempts at making an 
effective vaccine are being pursued. Initial approaches were based on the use of 
high-passage attenuated rotavirus strains obtained from animals. Genetically en­
gineered strains were also used. However, clinical trials have been only partially 
successful. The use of new tools available from molecular biology may help to 
overcome the problem of efficacy and duration of vaccine-induced immunity. 

1. Role of Rotavirus as 
an Enteric Pathogen 

Infantile diarrhoea remains a major cause of 
morbidity and mortality worldwide. Rotavirus is 
the leading cause of acute gastroenteritis in devel­
oping as well as in industrialised countries.[I] The 
major epidemiological features of rotaviral diar­
rhoea are summarised in table I. 

Rotaviral infection is among the most conta­
gious of diseases. It may spread not only through 
the faecal-oral route, but also through hands, fom­
ites and even through the airV] The impact of rota­
viral diarrhoea varies depending on socioeconomic 
conditions. 

In industrialised countries, rotavirus is a major 
cause of morbidity in children below 3 years of age. 
Diarrhoea due to rotavirus is usually mild and self­
limiting. However, rotavirus is responsible for 2 to 
8 hospital admissions per annum per 1000 children, 
which is over 100 000 hospital admissions and ap­
proximately 580 000 days of hospitalisation in the 
US p~r year.[3] The case fatality rate for rotavirus 
infection is not negligible, since approximately 
150 deaths are reported each year in the US)4] The 

Table I. Major epidemiological features of rotavirus-induced 
diarrhoea 

Single most common agent of diarrhoea in infants 
Peaks in winter season in temperate climates 
Sometimes epidemic, usually sporadic 
Major cause of nosocomial infections 
Protracted excretion in immunodeficient patients 
Spread through oral-faecal route, hands, airborne droplets 
Long survival in environment or water 
Asymptomatic carriers 
High prevalence of antibodies in children 
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estimated cost of hospital care is approximately 
$US30 million per year.f3] 

In developing countries, rotavirus is responsible 
for over 125 million cases of gastroenteritis annu­
ally, of which 18 million cases are considered se­
vere. The case fatality rate is dramatically high and 
rotavirus is responsible for 800 000 to 900 000 
deaths per year)l] 

Rotavirus gastroenteritis shows a typical sea­
sonal pattern with a winter peak in temperate cli­
mates, whereas it is present all year round in trop­
ical countries.[5,6] 

2. Rationale for the Use of 
Immunotherapy 

2.1 Existing Treatment 

As in all forms of viral gastroenteritis, the man­
agement of fluid and electrolyte balance in patients 
is the essential treatment. Bismuth salicylate has 
been shown to be beneficial in improving clinical 
manifestations as an adjunct to oral rehydration so­
lution.[7] It has been suggested that Bifidobacteria, 
which predominate in the intestinal flora of breast­
fed infants, may be active against rotavirus.[8.9] In 
vivo and in vitro evidence has been reported sug­
gesting that oral administration of a particular lac­
tobacillus, strain GG, is able to counteract rotaviral 
infection) 10-1 2] The mechanism of this effect is un­
known, but preliminary data suggest that it may be 
immunologically mediated. [13] 

Specific antiviral drugs for rotavirus illness in 
humans are not currently available. Several sub­
stances, such as protease inhibitors and nucleoside 
and nucleoside triphosphate analogues, have been 
suggested to have some activity against human 
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rotavirus through an inhibition of viral replication 
and transcription, but the practicality of the admin­
istration of those drugs to humans has not yet been 
demonstrated) 14) 

An ideal drug therapy of diarrhoeal infectious 
disease should decrease stool output, preventing 
dehydration. Furthermore, an ideal drug should 
have a clear microbicidal effect, leading to earlier 
clearance of the responsible agent and also prevent­
ing its spreading. It is also desirable that the drug 
can be administered orally, preferably as a single 
dose, that it does not interfere with normal gut 
function, and is free from major adverse effects. 
Finally, an ideal drug should be widely available at 
low cost and proven to be cost effective.[IS) 

At present, the antidiarrhoeal drugs available 
for infantile diarrhoea include anti secretory and/or 
proabsorptive agents, drugs active on intestinal 
motility, drugs that alter stool consistency and, fi­
nally, antimicrobialsJI6) However, immunotherapy 
for viral diarrhoea is a novel approach that may 
meet the criteria of ideal drug treatment for this 
condition. 

2.2 Immunology of Rotavirallnfection 

The mechanisms of the immune response of the 
host and the duration of effective immunity against 
rotavirus infection are not fully understood.[l7.19) 
Rotavirus infection has an age-related pattern (fig. I). 
Most children requiring hospitalisation are youn­
ger than 24 months, and are usually in the age range 
3 to 15 monthsPO) This is confirmed by the finding 
that most children have developed antirotavirus an­
tibodies by 2 years of age,[2I) and virtually every 
child in the US has been exposed to rotavirus by 4 
years of ageP2) 

Adult subjects can easily be infected with rota­
virus, but they are usually symptomless. It has been 
suggested that this is related to a protective effect 
of specific serum antibodies acquired earlier in 
life. [23) However, there is evidence that suggests 
the importance of local antibody in prevention and 
treatment of this diarrhoeal disease. It is already 
known that the presence of antibody in serum does 
not prevent rotavirus infection.[24.26) In the neo-
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nate, rotavirus infection is usually symptomless or 
causes a very mild diarrhoea. There is no signifi­
cant difference in rotavirus-inhibitory activity in 
cord blood sera of infected and noninfected infants, 
suggesting that cord blood antibodies do not pro­
vide protection against neonatal rotavirus infec­
tions. On the contrary, antirotavirus antibodies can 
be detected in breast milk and breast-fed infants are 
protected against viral diarrhoeaJ27) To provide 
protection it is therefore necessary for the antibody 
to reach the small intestine, where rota virus is 
localised. 

2.3 Use of Human Serum Immunoglobulin 

Having established that local humoral immunity 
has a protective role against rotavirus, 3 problems 
remain to be solved: 
• a source of specific antibody 
• whether the antibody can survive the gastric 

barrier to reach the small intestine, the target site 
of rotavirus infection 

• whether the specific antibody exerts an effective 
antiviral activity at the intestinal level. 
Data have been obtained in the last few years 

that answer all 3 questions. First, as already men­
tioned,l') rotavirus is an ubiquitous agent and most 
adults have significant titres of antirotaviral anti­
bodyP3) Therefore it is predictable that human se­
rum immunoglobulin preparations will contain sig­
nificant titres of antirotaviral antibodies. Indeed, 
high antibody titres against the 4 rotaviral sero­
types of medical importance have been detected in 
commercially available human serum immuno­
globulin preparationsPS,29) 

Secondly, orally administered heterologous anti­
bodies can resist proteolytic degradation during 
gastrointestinal passageP9.3l) Recently, it has been 
shown that some reduction of rotavirus neutralis­
ing activity does occur after gastric-phase diges­
tion, and that this is due to the acidic pH and not to 
proteolytic degradation,l32) However, specific anti­
rotaviral activity has been found in the stools after 
oral administration of immunoglobulins.[33] 

Thirdly, in vitro as well as in vivo evidence has 
been obtained in favour of the antiviral efficacy of 
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Fig. 1. Age distribution of 118 patients with diarrhoea classified by aetiology (reproduced from Capano et al.,(20) with permission). 
Symbol: • = these columns include 2 patients with the combined presence of Salmonella and rotavirus in the faeces. 

immunoglobulin at the intestinal level. This will be 
discussed in detail in sections 3 and 4. 

3. Administration of Oral 
Immunoglobulin to Patients 
with Rotaviral Diarrhoea 

Rotavirus may be responsible for severe pro­
tracted diarrhoea, especially in immunodeficient 
children[34] and, less frequently, in immunocompe­
tent children. The prominent role of rotavirus as 
agent of intractable diarrhoea in immunocompe­
tent children has now been established. Indeed, 
rotavirus is the most common infectious agent of 
the so-called intractable diarrhoea syndrome, 
which often results in a fatal outcomePS] 

Data have been published supporting the effi­
cacy of oral administration of serum human im­
munoglobulin to immunodeficient as well as 
immunocompetent children with persistent rota­
viral diarrhoea. Losonsky et al.[33] reported that 
oral administration of human serum immunoglob­
ulin to 3 immunodeficient patients resulted in the 
disappearance of free viral antigen from the stools, 
which was permanent in I case. 

© Adis Internotionol Limited. All rights reserved. 

We have reported that administration of human 
serum immunoglobulin through a nasoduodenal 
tube to 2 children with rotaviral enteritis, lasting 5 
and 7 months respectively and requiring long term 
total parenteral nutrition, resulted in the prompt 
and permanent clearance of the virus in both child­
ren. Neither patient had evidence of immuno­
deficiency and in both cases full and permanent 
recovery was obtained)36] Following this prelimi­
nary report, other children with so-called intractable 
diarrhoea caused by rotavirus have been success­
fully treated with oral administration of immuno­
globulinPS] Furthermore, several children with 
protracted (>2 weeks) diarrhoea have also been 
successfully treated with oral immunoglobulin. In 
few cases, administration of a single dose of im­
munoglobulin was ineffective in clearing the virus, 
but a second dose was generally sufficient to erad­
icate the infection. However, data on the outcome 
of children with chronic rotaviral enteritis treated 
with oral immunotherapy are only preliminary, and 
case-controlled studies are needed in order to es­
tablish the efficacy of this treatment in patients 
with chronic viral diarrhoea. 

Clin. Immunother. 3 (6) 1995 
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Subsequently, a clinical trial was conducted to 
establish the efficacy of oral administration of se­
rum human immunoglobulin in children admitted 
to hospital because of acute rotaviral gastroenteri­
tiS.[281 Children admitted with acute gastroenteritis 
associated with rotavirus positivity in the stools 
were enrolled and randomly assigned to group A 
(treated) or group B (controls) .Those in group A 
received a single oral dose of human serum immuno­
globulin 300 mg/kg, whereas children in group B 
received placebo. Parameters of efficacy were: 
• clinical condition, as determined by a clinical 

assessment scoring system 
• frequency and consistency of stools 

• duration of diarrhoea 
• duration of viral excretion 
• length of hospital stay. 

Children receiving immunotherapy had a better 
outcome than those in the control group, as judged 
by each of the parameters chosen prospectively. In­
terestingly, the duration of diarrhoea, of viral ex­
cretion and of hospital stay was reduced in a paral­
lel fashion in children receiving human serum 
immunoglobulin compared with controls (fig. 2), 
suggesting that the efficacy was related to a direct 
antiviral effect. This hypothesis was supported by 
the presence of specific neutralising activity in the 
immunoglobulin preparation used. 

4. Effect of Immunoglobulins 
on Rotaviral Infection of 
Enterocytes In Vitro 

Preliminary data on the effect of human serum 
immunoglobulin on rotavirus infection of entero­
cytes have recently been obtained using an in vitro 
modeU371 Immunoglobulin was shown to counter­
act the cell damage induced by rotavirus in a dose­
and time-dependent manner. Preincubation of 
rotavirus with immunoglobulin, prior to addition 
of the cells, was able to prevent infection. Further­
more, when immunoglobulin was added at early 
times after infecting the cells with rotavirus, the 
cytopathic damage was reduced and cell integrity 
was promptly restoredp71 This suggests that the 
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Fig. 2. Duration of diarrhoea and of viral excretion (in hours) and 
length of hospitalisation (in days) of children with rotavirus 
gastroenteritis treated either with a single oral dose of human 
serum immunoglobulin 300 mg/kg or with placebo. Part of these 
data have been reported previously.1281 Symbol: • = statistically 
significant decrease, p < 0.01. 

efficacy of immunotherapy is, at least in part, re­
lated to its early administration. 

5. Adverse Effects of Oral 
Administration of Immunoglobulin 

Transmission of viral infections through the 
intravenous administration of immunoglobulin 
may occur.[381 However, several lines of evidence 
support the safety of oral administration of immuno­
globulin. Human serum immunoglobulin prepara­
tions that are commercially available undergo spe­
cific treatment to inactivate potential pathogenic 
viruses, including those responsible for AIDS and 
hepatitis .[38,391 The oral route, compared with intra­
venous administration, is at low risk of adverse 
reactions. Indeed, no major adverse effects, nor 
transmission of viral infections, after oral immuno­
globulin administration have been observed by us 
or by other groups.[28,401 

Finally, it is of interest to note that oral admin­
istration of immunoglobulin does not interfere with 
the normal immune responseJ41 1 

6. Immunotherapy for Prevention 
of Rotaviral Diarrhoea 

The efficacy of oral administration of antibody 
for the prevention of rota virus disease has been 
demonstrated previously in animal models.[42,431 
Local administration of bovine or human antibody 
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to rotavirus has proved capable of preventing 
rota virus diarrhoea in infantsJ44-461 A randomised 
trial of oral human gammaglobulin in the first 
week of life showed that immunotherapy was ef­
fective in decreasing the severity of symptoms in 
patients who had received the treatment as com­
pared with controls. 1451 

Furthermore, the addition of bovine antibody to 
the infant formula given to healthy infants was as­
sociated with a reduction of the number of days 
with diarrhoea per year in those receiving the sup­
plemented formula compared with children receiv­
ing identical powdered formula without added anti­
body.147l However, a recently published report 
describing a trial of an infant formula containing 
milk-derived antirotavirus antibodies from hyper­
immunised cows showed that the incidence of 
rota viral diarrhoea was not decreased in children 
receiving the enriched formulaJ48l Furthermore, 
these investigators estimated that the increase of 
the price of enriched milk would be 20 to 30%. 
This cost, together with the lack of consistent ben­
eficial results in terms of protection, make it diffi­
cult to envision a large scale use of immunoglobu­
lin-enriched milk to prevent rotaviral diarrhoea. 

7. Economic Effect of Immunotherapy 

When choosing a therapy for such a common 
problem, the important point of cost effectiveness 
needs to be carefully considered. It has been calcu­
lated that the cost of oral treatment with human 
serum immunoglobulin at 300 mg/kg of an infant 
weighing lOkg is approximately $US200. 128l How­
ever, as an average, a 2-day reduction of hospital i­
sation may be expected for a child admitted with 
acute gastroenteritis (fig. 2), allowing a consider­
able reduction of the expenses related to hospital 
care,l28l In addition, a parallel reduction of work­
ing days lost by the parents of the children can 
also be expected, adding to the cost effectiveness 
of immunotherapy. 

The shorter duration of viral excretion after im­
munotherapy can ultimately reduce the spreading 
of viral particles in the hospital setting. Therefore 
another potential benefit of immunotherapy for 
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rotaviral diarrhoea is its likely effectiveness in re­
ducing the incidence of nosocomial infections. It 
should be noted that rotavirus is among the major 
agents of nosocomial infections.1491 

8. Prospects for a Vaccine 

Measures to prevent rotavirus spreading in the 
general population are only partially effective, as 
suggested by the similar incidence of rotavirus 
gastroenteritis in countries of varying sanitary 
standards.150-52l The need for a vaccine is clear, and 
there have been many attempts at inducing active 
immunisation against rotavirus infection in infants 
and children.l53-55l However, in spite of the high 
priority given to development of vaccines for ac­
tive immunisation, no satisfactory vaccines against 
rotavirus have yet been obtained. 

8.1 Problems in Developing 
Rotaviral Vaccines 

The principal problems that have been encoun­
tered in attempts to develop a vaccine capable of 
protecting against rotavirus infection are sum­
marised in table II and discussed in sections 8.1.1 
to 8.1.3. 

8. I. I Clinical Markers of Rotavirus Immunity 
Serum antibodies are not good predictors of in­

testinal immune status, since transplacental trans­
fer of maternal rota virus-specific antibodies pre­
vents discrimination of actively from passively 
acquired humoral immune response in infants. 

Recently, a significant correlation between the 
presence of faecal antirotavirus immunoglobulin A 
and resistance to infection has been demonstra-

Table II. Problems in developing an effective vaccine against rotavirus 

Serotype variability 
Type-specific immunity 
Immune response directed to stable epitopes that are not 
neutralising 

Immune response directed to neutralising epitopes that are 
variable 

Conserved neutralising epitopes are immunorecessive 
Lack of agreement between systemic and local immune 
response 

Lack of established markers of protection 
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ted.l56] Another important step has been the devel­
opment of an assay to detect rotavirus-specific helper 
T cells among circulating mononuclear cells.[57] 
Several recent studies have documented the impor­
tance of these cells, as well as of CD8+ cytotoxic 
T lymphocytes, in the response to rota virus infec­
tion in animal models. [58] Therefore, specific immuno­
logical markers will be available in the near future 
to establish the efficacy of vaccines. 

8. 1.2 Type-Specific Immunity 

The immunity induced by live attenuated vac­
cines is generally type specific. This can be respon­
sible for inadequate protection because of the sev­
eral serotypes that circulate simultaneously, even 
within a single outbreak and in the same loca­
tion.l59] 

Furthermore, variations in the characteristics of 
rotaviruses may arise from mutations, genomic re­
assortments, genome rearrangements, or from modi­
fications of viruses from animal sources.l60] This may 
select rotavirus strains that are resistant to vaccine­
induced immunity. 

8. 1.3 Serological Varieties of 
Circulating Rotaviruses 

The lack of a specific assessment of the serolog­
ical varieties of circulating rotaviruses is a major 
problem. To overcome this, a new classification 
scheme was recently proposed. Each rotavirus 
strain was designated to have a G type (defined by 
VP7) and a P type (defined by antibodies to the 
protease-sensitive VP4), in a manner similar to the 
scheme used for influenza viruses. In humans, 8 
rotavirus G types and 6 P types have been identi­
fied.l 61 ] However, many viruses have yet to have 
their P types identified.l61 ] To facilitate this pro­
cess, a convenient monoclonal antibody-based P 
typing immunoassay has recently been estab­
lished.l62] 

Overall, a more precise assessment of the sero­
logical varieties of circulating rotavirus remains 
essential to the development of an effecti ve vaccine 
strategy. 

© Adis International Umlted. All rights reserved. 

Guarino et a/. 

8.2 Clinical Trials of Vaccines 

Extensive vaccine field trials have now been 
performed in both developed and less-developed 
countries)63.65] 

Several vaccines so far have been developed by 
a jennerian approach, using a rotavirus strain de­
rived from bovine or rhesus monkey, and by a mod­
ified jennerian approach with development of a 
quadrivalent vaccine composed of rhesus rotavirus 
and 3 reassortant rotavirus strains.[66] However, 
field trials of candidate vaccines have been disap­
pointing so far. In only 1 study, conducted in Fin­
land, have investigators found candidate oral 
rotavirus vaccines to be useful in clinical protec­
tion against severe gastroenteritis in the first 2 or 3 
years of life.[67] These investigators recommended 
vaccination in infants aged <12 months. 

Promising studies are being conducted using 
novel approaches such as: 
• vaccines derived from naturally attenuated 

strains isolated from neonates[68] 
• subunit vaccines[69] 
• a recombinant adenovirus vector that expresses 

a modified rotavirus VP7 protein, a major neu­
tralisation antigen.[70] 
However, little success has been reported so far 

and no vaccine is currently licensed and available 
for immunisation of young infants. Furthermore, 
the cost effectiveness of such strategies is, at this 
time, only hypothetical and difficult to foresee . 

9. Conclusions 

Oral therapy with human serum immunoglobu­
lin is presently available and represents, so far, a 
uniquely effective treatment for children with this 
debilitating and sometimes life-threatening dis­
ease. 

Oral administration of human serum immuno­
globulin matches most of the criteria for ideal drug 
therapy of rotavirus infection listed in section 2.1, 
and there is an increasing body of evidence to sup­
port the clinical efficacy of this treatment. The data 
obtained suggest that oral immunotherapy with im­
munoglobulins should be administered to children 
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admitted to hospital because of rotaviral diarrhoea, 
and indeed we now consider immunotherapy man­
datory in children presenting with intractable 
rotaviral diarrhoea as it is thus far the only effective 
treatment for such a life-threatening disease. 

A major problem is the expense and limited 
availability of human serum immunoglobulin in 
those countries where rotavirus infection is most 
dangerous for affected children. It is therefore an 
ethical commitment to provide resources to make 
this therapy widely available in developing coun­
tries. The cost of immunoglobulin for oral admin­
istration could be reduced by, for example, using 
less-purified product. 

Vaccines show great promise for the future pre­
vention of rotavirus gastroenteritis, but so far 
rotavirus vaccination has been demonstrated only 
to reduce the clinical severity of this type of infec­
tious gastroenteritis in a number of small scale 
studies. 
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