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Prospects for new vaccines 
Sir Gustav Nossal 

0 ne of the major triumphs in 
world health has been the 
establishment of an infrastruc

ture for immunization covering over 
80% of all the world's children. Now 
that vaccines, the most cost-effective 
invention of scientific medicine, can 
reach nearly all these children, we 
must capitalize on this hard-won 
development both by simplifying 
vaccination procedures and by widen
ing the range of communicable dis
eases covered by immunization 
programmes. Intensive research in 
many countries holds great promise 
for rapid progress in both these fields. 

The improvement of vaccine 
efficiency and the simplification of 
vaccine delivery systems constitute a 
new specialty in immunology called 
trans-disease vaccinology. Three areas 
of this new science are especially 
important. 

The first is the use of highly at
tenuated harmless viruses or bacteria 
to carry vaccine molecules or antigens 
derived from a disease-causing organ
ism into the body. This exciting line of 
research depends on genetic engineer
ing. For example, the cowpox virus 
(vaccinia) can be manipulated so that 
a gene or piece of DNA from a ma
laria parasite is stitched into it. When 
the engineered vaccinia virus divides, 
it also makes the malarial protein 
coded by that bit of malarial DNA. Of 
course, the malaria gene has to be 
chosen with great care to ensure that 
an immune response to that particular 
protein truly is protective. 

Since the vaccinia virus, so suc
cessfully used to eradicate smallpox, 
occasionally causes bad reactions, the 
search has widened to find even safer 
vectors. The canary-pox virus seems 
extremely promising. So do several 
types of bacteria. 

In principle, there is no reason to 
limit the engineering to just one gene. 
Indeed, for a wily parasite like malaria 
it would make sense to combine 
several key genes and create a cocktail 

Vaccine trial in progress in India. 

vaccine, so that the parasite would be 
attacked on several fronts. Moreover, 
why limit the approach to just one 
disease? It is possible that a single 
harmless virus or bacterium could be 
the vector for genes from several 
pathogens and thus for a combined 
vaccine against several diseases. 

Provoking immunity 
Another trick under active investiga
tion is to include within the trans
planted gene package one or more 
genes designed to strengthen the 
immune response. During an infec
tion, we elaborate a variety of 
hormone-like growth-promoting 
substances called interleukins. These 
help to make our white cells divide 
and to do their job better; they pro
mote inflammation and immunity. 
When interleukin genes are trans
planted together with vaccine genes 
into a live virus vector, this engineered 
strain can now provoke immunity 
even in animals with a weakened 
immune system. Potentially, this 

would be an important feature for a 
vaccine used in countries where 
malnutrition is rife. 

Genetic engineering also underlies 
another major approach to new 
vaccines. Critical vaccine molecules 
or antigens, instead of being purified 
from a cultured organism, can be 
mass-produced in fermenters using 
genetically engineered bacteria, yeasts 
or other harmless cells as tame slaves 
to manufacture any desired quantity. 
Such pure proteins have many advan
tages over crude extracts, but they 
usually provoke only weak immune 
responses. Research is under way 
worldwide on so-called adjuvant 
substances, chemicals given with 
antigens to increase vaccine potency. 
Several adjuvants suitable for human 
use are at the trial stage. 

A second fertile area of research is 
to improve the way in which vaccines 
are given. For many current vaccines, 
three or even four administrations are 
required. It would be enormously 
helpful if one "shot" sufficed. An 
approach to single-dose vaccination is 
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to control the release of antigen mol
ecules following injection. For exam
ple, tetanus toxoid could be 
incorporated into microspheres of 
varying chemical compositions, some 
releasing their contents quickly and 
others only after a delay, thus mimick
ing a "booster" injection. 

immunity to the gut; and vaccines 
against sexually transmitted diseases 
should protect the urogenital tract. 

(PVD) recently sponsored clinical 
trials for both group B and group A/C 
meningococcal vaccines of particular 
importance in combating meningitis 
epidemics. If successful, these could 
be integrated into the Expanded 
Programme on Immunization. Other 
major research targets of this exciting 
international PVD programme include 
new measles vaccines for early in
fancy, since current vaccination leaves 
a gap at the stage where maternally 
derived antibodies have only just 
decayed; vaccines for bacterial 

New and improved vacdnes 

A third challenge is to figure out a 
way to get the immune response 
maxirnally active where you want it. 
Ideally, an influenza vaccine would 
neutralize the virus in the respiratory 
tract; a cholera vaccine should direct 

WHO is now giving great emphasis to 
sponsoring research on new and 
improved vaccines for the major viral, 
bacterial and parasitic diseases. There 
is much promising news to report. For 
example, the WHO/UNDP Pro
gramme for Vaccine Development 

Malaria vaccine research at the University af Sao Paulo, Brazil. 

Towards a single vaccine for children 
Every year, eight million ch ildren die in developing 
countries from viral and bacterial diseases, and 900 
million are severely ill. 

Viral diseases which kill more than three million childr.en 
every year include measles ( 1 .5 million deaths); rotaviral 
enteritis (800 000 deaths); poliomyelitis; hepatitis A and 
E; dengue (3(H)0 million infections); Japanese encepha
litis (one million infections with 1 0 000 deaths) and acute 
respiratory viral diseases. 

Bacterial diseases, resulting in the death of over fi ve 
mi llion children a year, include tetanus (800 000 new 
born infants) ; meningococcal meningitis ; bacterial 
diarrhoea! diseases (more than 1 .6 million deaths from 
shigella , cholera, Escherichia coli and typhoid); pneumo
coccal pneumonia (the leading cause of death from acute 
respiratory illness) ; and tuberculosis, which infects both 
children and adults (over 2.5 million deaths) 

These tragedies could be largely prevented by new 
and improved vaccines, and the international commun ity 

The Institute of Primate Research of Kenya has started trials with a vaccine 
against leishmaniasis. 

is joining forces to make th is a reality in the 1990s. In 1984 
the W HO/UNDP Programme for Vaccine Development 
(PVD) was created to coordinate international efforts with 
academic institutions or w ith other scientific groups. In 
1991 , the Chi ldren 's Vaccine Initiative was launched to 
intensify those efforts. A major objective is to involve the 
developing countries; 540 scientists from 86 countries 
have so far been trained , and funds provided for the PVD 
hove supported a tota l of 87 vaccine development projects 
in 19 countries. 

Research using a wide range of techniques is being 
carried out w ith a visionary goal in mind- that of perfecting 
a "children's vaccine", a one-shot multiple vaccine, prefer
ably given orally, w hich would protect every child for life 
against all important infectious diseases. Such an advance 
would simplify vaccination programmes in developing 
countries and help to save millions of children from sickness 
and death . 
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diarrhoea! diseases such as cholera, 
bacillary dysentery and enterotoxic 
E. coli, vaccine for viral diarrhoea! 
diseases such as rotaviruses; tubercu
losis vaccines more efficient than 
BCG; and vaccines for dengue and 
Japanese encephalitis. Heartening 
progress is being made on many of 
these fronts. 

In the parasitic disease~ field, the 
WHO/UNDP/World Bank Special 
Programme for Research and Training 
in Tropical Diseases (TOR) continues 
to carry the major responsibility for 
sponsoring and coordinating the world 
effort. Several candidate malaria 
vaccines are at or near the field trial 
stage, and progress in schistosomiasis 
is also impressive. 

Not surprisingly, the pressure to 
find an AIDS vaccine is enormous and 
the results of over a dozen clinical 
trials are eagerly awaited. Some of 

these trials aim to improve the im
mune status of people already infected 
with the HIV virus so as to prolong 
the disease-free interval (perhaps 
indefinitely), while others seek to 
protect against initial infection. While 
most of the funding for AIDS vaccine 
research comes either from national 
medical research funding agencies or 
from industry, WHO nevertheless has 
a large role to play in coordination and 
in ensuring international collaboration. 

In these vaccine-related pro
grammes, WHO's coordinating and 
sponsoring role is very important 
because the interest of the pharmaceu
tical industry in many of the diseases 
afflicting only the developing coun
tries is limited. Thus, academic institu
tions and national research 
laboratories must carry the major 
burden, and WHO can help to focus 
these efforts on an international basis. 
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Patience and persistence . 
There is every reason to be optimistic 
about new and improved vaccines 
through modem research, but it is 
important to be realistic about time 
frames. At the scientific level, each 
disease poses its own problems and it 
is essential to find the weakest point in 
each pathogen so as to direct the 
immune attack to that spot. A major 
hurdle for many pathogens is their 
capacity for mutation and variation, 
which allows them to dodge away 
from immune defences. At the techni
callevel, scale-up from laboratory to 
factory production poses its own 
serious challenges, and staged clinical 
trials- always vitally necessary
require careful design and last a 
frustratingly long time. Moreover, 
both research and development are 
costly. 

Those of us whose main activity 
lies in research and research promo
tion see efforts like the Programme for 
Vaccine Development as an abso
lutely key component within the wider 
framework of the Children's Vaccine 
Initiative. The clamour for "rel
evance" and "quick fixes" can some
times become strident, but while some 
new vaccines will come on stream 
quite soon others face formidable 
scientific obstacles which must be 
overcome with patience and persist
ence. Microbes and other pathogens 
have had eons of evolution to develop 
their infectious strategies. If we are to 
foil these through science, we must 
winkle them out progressively, sus
tained by the enormous prize at the 
end. Vaccines have already eliminated 
one scourge from the globe, namely 
smallpox. Eradication of measles and 
poliomyelitis is foreseeable. Such 
achievements will remain among 
humanity's noblest triumphs. 

The Children's Vaccine Initiative 
represents an opportunity to maintain 
and enhance that tradition, and vac
cine research is its underpinning. All 
over the world, scientists have re
sponded to it with passion and com
mitment. It now deserves fitting 
long-term support. • 
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