
Prospects for vaccines 
lt is 101 years since a cholera vaccine was first tested in Spain, yet the ideal 
cholera vaccine still eludes us. Today, encouraging advances are being made 
m the search for vaccines against most of the agents that cause diarrhoea 

efore the mid 1970s, the 
specific agents that cause diar
rhoea! infections in young chil

dren were largely unknown; in only 
about 25 per cent of cases could a 
known pathogen be identified. Thus, 
at that time, the concept of vaccines 
against diarrhoea! infections had no 
scientific basis and could not be consi
dered as a potential control measure. 
Since then there has been a veritable 
explosion of knowledge on this sub
ject, with the identification of many 
important new agents, including bac
teria, viruses and protozoa, that cause 
diarrhoea. 

It is now possible with appropriate 
microbiological tests to identify a dis
ease-causing agent in 60 to 85 per cent 
of cases of paediatric diarrhoea reach
ing health facilities in less-developed 
areas. As the agents became known, 
their epidemiology was studied to de
termine their relative importance, the 
ages and geographical areas affected, 
and the seasons when they occur. This 
was accompanied by research on 
pathogenesis-which is basic to vac
cine development. The result is that 
during the past few years we have 
witnessed extraordinary progress in 
the development of new vaccines 
against many of the most important 
agents that cause diarrhoea! disease, 
dysentery and enteric fevers. 

In trying to set priorities for vaccine 
development and the implementation 
of vaccine programmes, the relative 
importance of the various pathogens 

A schoolboy in Chile receives oral typhoid 
vaccine in a WHO-supported field trial. 
Photo WHO/M . Levine 
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that cause diarrhoea in young children 
can be considered from several per
spectives. Two bacterial enteric infec
tions, cholera and Shiga (Shigella dy
senteriae 1) dysentery, are of special 
epidemiological and historical impor
tance, because of their severe clinical 
manifestations and their propensity to 
spread in extended epidemics. Also of 
bacterial origin are the enteric fevers 
(typhoid and paratyphoid), which 
affect primarily school-age children. 
While parenteral vaccines have been 
available for many years against 
cholera and typhoid fever, these pro
vide only partial protection and are 
not well accepted because of their 
side-effects. 

In several studies of the etiology of 
infant diarrhoea in less-developed 
countries, which involved weekly vis
its to households (thereby detecting 
mild forms of diarrhoea that are often 
not seen at health centres), enterotox-

igenic Escherichia coli was found to be 
the most important single etiological 
agent. This pathogen causes approxi
mately five episodes per child per year 
in the first two years of life. 

By contrast, when the etiology of 
diarrhoea has been examined at treat
ment centres, where more severe 
forms of diarrhoea are seen accom
panied by overt dehydration, rotavi
rus has been the single most common 
pathogen identified, often followed by 
enterotoxigenic E. coli. These two 
agents together, in some studies, ac
count for between 60 and 70 per cent 
of the dehydrating diarrhoeas in chil
dren in the first two years of life. 

Another perspective involves the 
relationship to malnutrition. Both en
terotoxigenic E. coli and Shigella in
fections, even if clinically mild, have 
been significantly correlated with the 
development of malnutrition-a corre
lation not found for rotavirus. 



It follows that, if safe, highly effec
tive, inexpensive and practical vac
cines were available against a few of 
the most important enteric pathogens, 
an important alternative intervention 
would join the battle to control enteric 
infections world-wide. So what is the 
present status of development of some 
of these new vaccines against enteric 
infections? 

Rotavirus 

Investigators across the world have 
taken diverse approaches to develop 
vaccines against rotavirus diarrhoea 
in human infants. However, the ap
proach that has rapidly yielded prom
ising results involves the use of animal 
rotaviruses as vaccines in humans. 
This is based on the fact that, because 
rotaviruses are very species-specific, 
animal viruses do not cause full-blown 
clinical infections. The vaccine (vac
cinia, derived from cowpox virus) 
which led to the eradication of small
pox was based on the same principle. 

Two animal rotavirus vaccines can
didates are being extensively evalu
ated in human trials under the aus
pices of WHO. Strain RIT4237, a virus 
of calf origin, has caused no notable 
adverse reactions in hundreds of 
young children vaccinated in the Gam
bia, Finland, Peru, Rwanda, and the 
United States. In a placebo-controlled 
field trial in Finland, this live oral 
vaccine proved highly protective. But 
preliminary results from studies in the 
developing countries suggest that 
high levels of protection may not be 
achievable with this vaccme m 
those areas. 

Scientists in the United States 
adapted a Rhesus monkey rotavirus, 
strain MMU18006, as a live oral vac
cine. This vaccine strain caused fevers 
in some infants between five and 
twelve months of age in industrialised 
countries but is well-tolerated by 
younger infants below four months of 
age, in both developed and developing 
countries. This tolerance is apparently 
due to the effect of the maternally
acquired antibody which is present in 
young infants but not in those older 
than four months. Field trials of effica
cy of this vaccine are under way in 
Finland, Peru, Sweden, the USA 
and Venezuela. 

WoRLD HEALTH, April 1986 

Enterotoxigenic E. coli 
Observations from epidemiological 

and volunteer studies show that an 
initial enterotoxigenic E. coli infection 
gives rise to a high level of immunity 
to the same strain, but that about five 
separate clinical infections with dis
tinct variants of enterotoxigenic E. coli 
are necessary to stimulate broad spec
trum protection. 

There are two main approaches to 
developing vaccines against en
terotoxigenic E. coli. The first involves 
stimulating intestinal (secretory) anti
body against the colonisation factors 
that permit the organism to colonise 
the upper small intestine, the anatomi- , 
cal site at which these bacteria actually 

Clusters of rota virus seen under the electron 
microscope. The chances are good for find
ing a vaccine against this common cause of 
infant diarrhoea. 
Photo WHO/M . Levine 

cause diarrhoea. Colonisation factors 
are hair-like protein appendages cal
led fimbriae found on the surface of 
the bacteria. 

The second approach is the use of 
oral vaccines consisting of toxoids 
made from the heat-labile and heat
stable enterotoxins of enterotox
igenic E. coli. 

Shigellae 
Several new prototype Shigella vac

cines have recently been reported. 
One is a Shigella sonnei/Salmonella 
typhi bivalent vaccine prepared by 
introducing the genes that encode the 
production of the S. sonnei 0 antigen 
into an attenuated S. typhi vaccine 
strain, Ty2la. 

The resultant bivalent strain, 5076-

1C, has proved to be safe, im
munogenic and protective as a live 
oral vaccine in volunteer studies ; field 
trials are scheduled to begin in Chile, 
Israel, and Thailand in 1986. If this 
prototype proves sufficiently protec
tive against S. sonnei, then variants 
will be prepared against other sub
groups such as S. flexneri 1, 2, 3, and 6 
and S. dysenteriae 1. 

Another Shigella live oral vaccine 
candidate consists of an E. coli strain 
genetically modified to invade epithe
lial cells and to express on its surface 
the 0 antigen of S. flexneri 2a. This 
vaccine is safe and protective in mon
keys, and human trials are beginning. 

Cholera 

It is 101 years since the first cholera 
vaccine candidate was administered to 
humans in Spain by Ferran, yet an 
ideal cholera vaccine still eludes us. 
However, recent progress has yielded 
several promising candidates and it is 
here that some of the most exciting 
and innovative applications of genetic 
engineering have occurred. 

Investigators in Goteborg, Sweden, 
have prepared an oral vaccine consist
ing of a combination of killed cholera 
bacteria plus the B (binding) sub-unit 
of cholera toxin, separated from the 
active A (toxic) sub-unit. In volunteer 
studies, this vaccine gave a moderate 
degree of protection but three spaced 
doses were required. A field trial is at 
present under way in Bangladesh com
paring three doses of the combination 
vaccine versus placebo or versus killed 
cholera bacteria alone. 

Scientists in Maryland and Boston, 
USA, have applied techniques of 
genetic engineering to selectively re
move the genes that encode the A sub
unit of cholera toxin from the cholera 
bacteria, leaving the strains no longer 
able to cause severe diarrhoea. The 
genetically-engineered vaccines avidly 
colonise the small intestine, stimulate 
high levels of antibody and are protec
tive after a single oral dose. However, 
most of the vaccine candidates cause 
diarrhoea (usually mild) in about one
third of the subjects, the cause of 
which is being investigated. It is argu
able that mild diarrhoea from an inex
pensive, highly effective, single dose 
vaccine may be a fair price to pay if it 
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provides solid, long-term protection 
against potentially lethal cholera. 

Typhoid fever 
Two attenuated strains of Salmon

ella typhi, Ty2la developed by Swiss, 
and 541 Ty by US scientists, are being 
evaluated as live oral vaccines. Exten
sive trials in Chile and Egypt have 
demonstrated the safety of Ty2la in 
more than 500,000 schoolchildren. 
The efficacy of Ty2la has also been 
shown but the levels of efficacy have 
been variable, in great part depending 
on the formulation and the number of 
doses administered. In Egypt, three 
doses of a liquid formulation gave 96 
per cent protection for at least three 
years. In WHO-sponsored field trials in 
Santiago,Chile, three doses of vaccine 
in enteric-coated capsules gave about 
65 per cent protection, while two 
doses gave some 55 per cent protec
tion. Further field trials to directly 
compare the efficacy of a liquid versus 
an enteric-coated capsule formulation 
of Ty2la are planned this year in 
Indonesia and Chile. 

Clinical trials with attenuated 
S. typhi strain 541 Ty have only 
recently begun, but in these initial 
studies the vaccine has been safe and 
highly immunogenic. 

Summary 

The agents that cause infant diar
rhoea have been largely identified, 
and vaccine candidates against most of 
the important pathogens (rotavirus, 
enterotoxigenic E. coli and Shigella) 
are being prepared, using the modern 
tools of biotechnology. Most of these 
vaccine candidates are administered 
orally as the preferred route to stimu
late local intestinal immunity. If these 
vaccines are to play a role in the 
control of endemic and epidemic diar
rhoea and enteric fever, they must be 
well-tolerated, highly effective, inex
pensive, practical, and ideally deliver
able through expanded programmes 
on immunization. Specific vaccines to 
diminish much of the sickness and 
death caused by infant diarrhoea are 
now feasible, or even imminent. They 
will comprise an important new 
weapon m the battle against enteric 
infections. • 

26 

Haiti's national programme 
by Lambert Jasmin 

ii he number one public health 
problem for Haiti is diarrhoe
a! dehydration, which is esti

mated to cause the deaths every 
year of more than 25,000 babies. 
This is why the government of this 
Caribbean republic, in July 1983, 
launched a national programme 
for diarrhoea! disease control 
arid promotion of breastfeeding 
(PRONACODIAM). 

This multisectoral programme op
erates at different levels right down 
to the village community. lt has four 
main objectives: to encourage most 
Haitian mothers to breastfeed their 
babies exclusively during the first 
three months of their lives and as 
long as possible after that; to make 
oral rehydration salts available to 
babies from the first signs of diar
rhoea, and for as long as the illness 
lasts; to ensure that children with 
diarrhoea receive digestible foods 
(but especially breastmilk) during 
their illness; and to promote indi
vidual and communal hygiene prac
tices with a view to reducing the 
frequency and persistence of diar
rhoea in the environment. 

Among the activities under the 
programme are the training of 
nurses and paediatricians in the 
management of seriously dehy
drated cases, the training of health 
auxili13ries to staff 300 oral rehydra
tion centres and to instruct mothers 
and health workers in the use of the 
salts, and the setting up of 12,000 
community sales posts where the 
salts can be bought. Some 10,000 
volunteers are also undergoing train
ing, and educational materials in 
support of the national programme 
are being disseminated through the 
press, radio and television. 

Besides this media campaign, the 
boy scout and girl guide movements 
are enthusiastically spreading the 
messages about oral rehydration 
through songs and little plays per
formed around the camp fire . All 

health personnel are busily convey
ing the same story in talks to indi
viduals and communal groups, 
through booklets and training kits. 

PRONACODIAM already has 200 re
hydration centres in action and · 
more than 3,000 sales posts display 
the packets. Over one milli.on pack
ets have been manufactured, ~nd 
10,709 technicians in different disci
plines have received training in sup
port of the programme. A nation
wide survey taken among 1 ,050 
mothers chosen at random in 30 
villages found that 60 per cent of 
them immediately identified the 
packets of ORS they were shown, 
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Haitian poster encouraging breast
feeding. 

and 75 per cent said they knew how 
to prepare the salts at home and 
administer them correctly. 

This year, the PRONACODIAM pro
gramme should start making drama
tic inroads into the infant mortality 
figures for Haiti . • 
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