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The WHO programme for vaccine development was initiated by the 
Director-General in 1984 with the aim of improving the situation 
in the area of viral and bacterial vaccines. In 1990 UNDP became a 
partner in the programme, and its activities were broadened to 
include research on vaccines against viral and bacterial diarrhoea. 
It is estimated that the current target diseases of the programme 
will cause 60 to 80 million child deaths in this decade. 

In 1990 the Children's Vaccine Initiative was launched by WHO, 
UNICEF and UNDP at the World Summit for Children, and it has become 
clear that the programme will play an essential role in this 
Initiative. This Initiative is dedicated to a major acceleration of 
the development of essential vaccines for children before the end of 
the century with the ultimate goal of considerably simplifying 
vaccine administration through the use soon after birth of single-
dose, oral, stable vaccines immunizing against several major 
communicable diseases. 
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I. BACKGROUND 

1. Since the early 1970s WHO has become increasingly involved in supporting research 
leading to the development of new vaccines. An important component of the Special 
Programme for Research and Training in Tropical Diseases, established in 1975, was the 
development of vaccines against five parasitic diseases and leprosy, and one element of 
the Diarrhoeal Diseases Control Programme, established in 1978, was support to work 
leading to vaccines for the control of intestinal infections. 

2. The overall progress made by the two programmes was so encouraging that in 1984, 
following the advice of a group of leading scientists, it was decided to establish 
another programme which would be specifically devoted to the development of vaccines 
against selected viral and bacterial diseases. Two important factors were the need to 
encourage and coordinate national initiatives for vaccine development, and the 
utilization of the newer biotechnological and immunological tools for this work. Above 
all was the need to accelerate progress in the control of communicable diseases. The 
programme also has a potentially vital contribution to make towards the achievement of 
the global eradication of poliomyelitis by the year 2000, as resolved by the Health 
Assembly in resolution WHA41.28 (1988). 

3. Immunization programmes in developing countries have made remarkable progress since 
the inception of the Expanded Programme on Immunization in 1977, when it was estimated 
that fewer than 5% of the world's children were adequately immunized. Today, over 80% of 
children in developing countries have access to immunization services, and some 70% are 
being reached with a protective course of immunization by the first year of life. It is 
estimated that, with these levels of coverage, immunization programmes are preventing 
some 2.6 million deaths annually. 

4. Universal immunization coverage with improved vaccines could prevent an estimated 
additional 2 to 3 million deaths annually due to measles, tetanus of the newborn, and 
pertussis, as well as prevent over 180 000 cases of paralytic poliomyelitis. In 
addition, the development of new vaccines against viral and bacterial diseases such as 
dengue, viral hepatitis, rotavirus, meningococcal meningitis, bacterial diarrhoeas, and 
acute respiratory infections could prevent an additional 5 to 6 million deaths annually. 
However, vaccines against many diseases that are important in developing countries would 
not be of general use in industrialized countries； their limited potential commercial 
value does not represent sufficient economic incentive to attract the industrial sector, 
and their development is therefore unfortunately neglected. 

II. OBJECTIVES 

5. Advances in molecular biology, immunology and biotechnology have recently provided a 
number of remarkable new techniques which the programme for vaccine development utilizes 
to develop modern vaccines adapted to the particular requirements of children in 
developing countries. 

6. The objectives of the programme include: 

(a) The improvement of existing vaccines to simplify their use and increase their 
efficacy in the special settings and situations of the developing world. The 
specific goals are : 

(i) to replace vaccines requiring multiple doses, such as tetanus toxoid, 
diphtheria/pertussis/tetanus, hepatitis В, oral poliomyelitis, by vaccines 
which would only require one or a reduced number of doses to overcome the 
problem of "drop-outs"； 

(ii) to replace injectable vaccines by vaccines which can be given orally, to 
overcome the problems of expense, special training and sterilization that 
accompany the use of injection equipment； 



(iii) to improve heat stability of all vaccines, particularly oral 
poliomyelitis vaccine, so that the requirement for a cold chain will no longer 
impede vaccine delivery; 

(iv) to develop vaccines which can be given soon after birth so that 
protection may begin before risking exposure and when the opportunity of 
contact with health services is still relatively great (e.g. measles)； 

(v) to increase vaccine efficacy and ensure long-lasting protective effects 
(e.g. BCG, pertussis). 

(b) The development of new vaccines against major viral and bacterial diseases for 
which no vaccine currently exists for children: cholera, shigella, typhoid, 
meningococcal meningitis, rotavirus, respiratory syncytial virus, hepatitis А, С arid 
E, dengue. 

7. These objectives are part of the global Children's Vaccine Initiative launched by 
WHO, UNICEF and UNDP. The ultimate goal is an ideal vaccine which would be given in a 
single-dose soon after birth, be heat-stable, and would provide long-lasting protection 
against major viral and bacterial diseases. At present, this single-dose children's 
vaccine is a distant, but theoretically feasible, goal. Under the programme for vaccine 
development, research will aim in the first instance at developing several single- or 
reduced-dose vaccines combining several antigens which would limit the number of required 
contacts with health services for immunization against a broad spectrum of diseases. 

III. TARGET DISEASES 

8. The viral and bacterial diseases targeted by the programme are listed below. 

(a) Viral diseases that cause the death of over 3 million children annually: 

- m e a s l e s : 1.4 million deaths every year. 

-rotavirus : 800 000 deaths every year from acute 
diarrhoea. 

-poliomyelitis : still causes the paralysis of at least 
180 000 children each year. 

-hepatitis А, В, С, E: hepatitis A and E both cause severe epidemics 
with significant morbidity and mortality; 
hepatitis E is devastating for pregnant 
women, with high mortality (up to 20%) often 
observed during outbreaks； hepatitis В has 
infected 2000 million, and 5% of the world's 
population are chronic В carriers； hepatitis 
В infects during childhood, and chronic 
sequelae include cirrhoses and liver cancer 
causing over 1 million deaths annually. 

dengue and Japanese encephalitis : these mosquito-borne diseases are spreading 
in tropical areas； dengue causes major 
epidemics (30-60 million infections every 
year), with high morbidity and 5-10 000 
deaths annually; Japanese encephalitis 
causes 1 million infections a year, with 
10 000 deaths, and severe neurological damage 
in 10 000 of the survivors. 

- a c u t e respiratory viral diseases are the cause of 40% of all acute respiratory 
illnesses in children under 1 year of age. 



(b) Bacterial diseases that cause 

- t e t a n u s : 

- b a c t e r i a l meningitis : 

- b a c t e r i a l diarrhoeal diseases : 

- p n e u m o c o c c a l pneumonia : 

-tuberculosis : 

IV. RESEARCH PRIORITIES 

the death of over 4.5 million children annually: 

kills over 750 000 newborn infants each year. 

300 000 deaths per year； periodic epidemics 
that often affect 1% of a population and result 
in neurological damage in the survivors. 

more than 1.6 million deaths each year from 
shigella, cholera, E. coli. and typhoid. 

a leading cause of death (1.4 million per year) 
from acute respiratory illness. 

causes over 3 million deaths each year, 
including 450 000 children. 

9. The goal is to develop new and improved vaccines, and new methods to increase the 
effectiveness of immunization. 

(a) Vaccines that allow easier delivery 

- s i n g l e - or reduced-dose vaccines : development of slow-release vaccines (tetanus 
toxoid, diphtheria/pertussis/tetanus, hepatitis B) using the controlled release 
technology; use of genetically engineered attenuated live viral or bacterial 
vaccines as carriers for other, unrelated vaccines； 

- o r a l vaccines : research on induction of systemic and mucosal immunity through 
mucosal immunization using encapsulated vaccines or live viral or bacterial 
attenuated carriers； 

- v a c c i n e s combining several antigens delivered in one dose : a number of new 
techniques make it potentially possible to combine different vaccines into a 
single-dose vaccine, to be administered only once. 

(b) Improved vaccines needed because current vaccines are not always fully 
satisfactory in developing countries 

- n o t fully effective: tuberculosis, cholera, typhoid; 

- n o t fully effective in early infancy: measles, group С meningococcal meningitis, 
pneumococcal pneumonia； 

- n o t fully satisfactory in developing countries : poliomyelitis； 

- t o o costly for use in developing countries : Japanese encephalitis. 

(c) New vaccines needed because no effective vaccine exists 

- v i r a l diseases : dengue, rotavirus diarrhoea, hepatitis А, С and E； 

- b a c t e r i a l diseases: bacterial diarrhoea, group В meningococcal meningitis. 

V . MANAGEMENT AND STRATEGY 

Management 

10. The Microbiology and Immunology Support Services unit, within the Division of 

Communicable Diseases, is responsible for the operational management and administration 

of the programme. 



11. A Scientific Advisory Group of Experts decides on the general orientation of the 
programme and reviews its implementation. The group consists of scientists from all over 
the world, internationally recognized for their expertise in microbiology, molecular 
biology, immunology, epidemiology or vaccinology. 

12. Steering Committees (one for each group of vaccines), consisting of leading 
international scientists in each area, decide on research strategies, recommend research 
projects, and promote collaborative research. 

13. For each vaccine, specific task forces (or executive subcommittees), including one 
or two members of the Steering Committees, a member of the Secretariat and ad hoc 
external advisers, have been established to ensure on a continuous basis all the 
activities needed to reach a final stage of development, including appropriate trials. 
These task forces also collaborate with vaccine manufacturers in both the private and the 
public sectors. 

Strategy 

14. The overall strategy of the programme is the following. Firstly, the specific needs 
are defined and the missing vaccines are identified in consultation with vaccine users. 
Secondly, research and development on the missing vaccines are stimulated by defining 
research priorities, presenting them to the international scientific community, calling 
for research proposals, and providing financial support for the most relevant projects. 
Thirdly, collaborative research involving both the public and the private sector is 
coordinated and encouraged on an international basis, and, if deemed appropriate, 
research is commissioned. 

15. After candidate vaccines have been developed, trials are planned and implemented. 
In the ensuing stage, vaccine producers are stimulated to complete the development of the 
selected candidate vaccines, and assistance is provided in the organization and 
management of the final safety and efficacy trials. 

16. As for the specific scientific approach, for each new vaccine being developed the 
strategy outlined below is generally followed. 

SPECIFIC SCIENTIFIC STRATEGY 
USED TO DEVELOP NEW VACCINES 

1. Define the immunological mechanisms by which one is protected after being 
naturally infected with the disease. 

2. Identify the antigenic portions of the organism which induce this protection. 

3. Identify the genes in the nucleic acid of the organism which code for the 
production of the antigen identified as important in inducing protection. 

4. Utilize new techniques of biotechnology to produce antigens. 

5. The antigens produced in these systems represent candidate vaccines which must 
be tested for their safety and protective efficacy in animal models. 

6. Optimize vaccine design and delivery systems to increase efficiency and 
facilitate delivery (e.g. one-shot vaccines, etc.). 

7. Select the best candidate vaccine for human safety and efficacy trials. 



VI. WHAT HAS BEEN ACHIEVED TO DATE 

17. At the inception of the programme in 1984, the limited funds available made it 
essential to focus initial research on a small number of the target diseases. Research 
priorities were established by the Scientific Advisory Group of Experts primarily on the 
basis of the needs of the developing world, but also taking into account the status of 
research and the need for funds for research on a particular disease. Other diseases 
were added over the years, and in 1990, the programme was expanded to include viral and 
bacterial diarrhoea. Consequently, research on some vaccines is very advanced, while 
studies on rotavirus, bacterial diarrhoeas, measles, pneumococcal pneumonia, and 
hepatitis E are in the early stages. In all, 230 research projects have been supported 
in 28 countries since 1984. 

Improved vaccines 

18. Single-dose or reduced-dose vaccines. Initially, two approaches have been selected 
to attempt to replace vaccines requiring multiple injections by a one-dose or 
reduced-dose vaccine. The first is the microencapsulation approach. A first one-shot, 
controlled release vaccine is now being developed with tetanus toxoid vaccine integrated 
into injectable microcapsules. These capsules are biodegradable, and after injection 
release the entrapped antigen in such a way as to mimic repeated injections. Studies 
have progressed quickly, and four projects have produced different candidate 
microencapsulated, one-dose tetanus vaccines. The first comparative animal tests will 
start in 1991. The same technology will soon be applied to other vaccines which now 
require multiple shots (hepatitis B, diphtheria/pertussis/tetanus), and later to 
conjugated polysaccharide vaccines (meningococcal, Haemophilus influenzae В. 
pneumococcal, typhoid). 

19. The live-vaccine carrier approach is the second path of research towards a one-dose 
or reduced-dose vaccine. Unrelated live viral or bacterial vaccines will be employed as 
carriers to deliver a second vaccine more efficiently. Genes which code for the 
protective components of a vaccine are inserted into the genome of a currently available 
viral (e.g. vaccinia) or bacterial (e.g. BCG) vaccine. A number of studies have focused 
on improving general, overall aspects of this technique. Specific aspects of this 
approach are being used in other activities of the programme to produce new or improved 
vaccines. 

20. Oral vaccines. Work in this area is in an early stage of development. The main 
goal is to convert vaccines that at present need to be inoculated into orally 
administered vaccines, to induce either systemic or mucosal immunity. The methods 
employed are the aforementioned microencapsulation and the live-vaccine carrier 
approaches. 

21. Other studies. Research on the genetic stability, immunogenicity, and heat 
stability of poliomyelitis vaccine is now well advanced. Candidate vaccines are being 
evaluated in animal model systems and early human trials. Japanese encephalitis is 
closely related to dengue， and much of the new information discovered during the 
development of dengue vaccines has been quickly applied to it. Consequently, research 
has progressed to the candidate vaccine stage. Significant progress has been made on the 
molecular analysis of the bacteria causing tuberculosis. Studies are now attempting to 
develop candidate vaccines, and the knowledge gained has already been applied to 
improving the diagnosis of tuberculosis. 

New vaccines 

22. Substantial progress has been made with vaccines against dengue. hepatitis A . and 
respiratory syncytial viruses. They have progressed through initial phases of study and, 
in parallel, a number of candidate vaccines have been produced by scientists associated 
with the programme as well as by other private or public institutions using different 
molecular biological methods. These are being tested through early animal trials, for 



safety and protective efficacy. Animal trials have now been completed with both live 
attenuated and inactivated candidate vaccines against hepatitis A produced by industry, 
and the vaccines are entering the early phases of human trials. New conjugated vaccines 
against meningococcal meningitis have now reached the stage of human trials. 

VII. FUTURE TARGETS 

23. The targets are indicated in Tables 1 and 2. It is expected that by 1995 at least 
six improved or new vaccines will be available, and that by 1999 eight vaccines will be 
integrated into a single-dose "multivalent vaccine" and that several others will be 
single-dose vaccines that can be given at the same time, soon after birth. Thus an 
important step should already have been made towards a new generation of "super vaccines" 
in accordance with the global concept of the Children's Vaccine Initiative. 

TABLE 1 

& IMPROVED VACCINES : TARGETS 

Present situation Before 1995 Before 1999 

Tetanus 
toxoid 
(women) 

3-5 injections Encapsulated single-dose 
tetanus toxoid 

Hepatitis В 3 injections Single-dose 
hepatitis В 

Incorporation into 
the single-dose 
"multivalent 
vaccine" Diphtheria/ 

pertussis/ 
tetanus 

3 injections Single-dose 
diphtheria/ 
pertussis/ 
tetanus 

Incorporation into 
the single-dose 
"multivalent 
vaccine" 

Poliomyelitis Heat-sensitive； 
3 oral doses 

Heat-stable 
oral 
poliomyelitis 

Single-dose 
poliomyelitis 

BCG Variable effectiveness Engineered BCG with 
increased 
effectiveness 

Measles Injected at 6-9 months Oral, soon after 
birth 

Japanese 
encephalitis 

3 injections at 12 months Single-dose 
candidate vaccine 

Single-dose, 
soon after birth 



TABLE 2 

NEW VACCINES : TARGETS 

Infectious agents Present situation Before 1995 Before 1999 

1. Bacterial vaccines 

1.1 Meningitis and 
respiratory 
infections 

1.2 Diarrhoea 

-Meningococci A 
and С 

-Meningococci В 

-Haemophilus 

Candidate conjugated 
vaccines (3 injections) 
Candidate vaccines 

Haemophilus influenzae В 

Single-dose candidate 
vaccines 
Singlé-dose candidate 
vaccines 
Single-dose 

Conjugated pneumococcal 
vaccine 

Single-dose candidate 
vaccine 

Candidate vaccineS 

) } 
} ) 
} Incorporation into 
} the single-dose 
} "multivalent vaccine" 
} 

} 
} 
} 
} 

1. Bacterial vaccines 

1.1 Meningitis and 
respiratory 
infections 

1.2 Diarrhoea 

influenzae 

-Pneumococci 

- S . tYDhi 

-Shigella/cholera 

conjugate 
(3 injections) 
Vaccine not protective 
in infants 

Candidate vaccine 

Research in progress 

Single-dose candidate 
vaccines 
Singlé-dose candidate 
vaccines 
Single-dose 

Conjugated pneumococcal 
vaccine 

Single-dose candidate 
vaccine 

Candidate vaccineS 

) } 
} ) 
} Incorporation into 
} the single-dose 
} "multivalent vaccine" 
} 

} 
} 
} 
} 

2. Viral vaccines 

-Respiratory 
syncytial virus 

- R o t a v i r u s 
- H e p a t i t i s A 
-Hepatitis С, E 
- D e n g u e 

Candidate vaccines 

Candidate vaccines 
Candidate vaccines 
Research in progress 
Single-type candidate 
vaccines 

Single-dose vaccine 
available 
Single-dose vaccine 

Candidate vaccine 
Multi-type single-dose 
candidate vaccines 

Oral attenuated vaccine 
Vaccine available 
Vaccine available 



VIII. RELATIONSHIP WITH OTHER WHO PROGRAMMES 

24. Through the Expanded Programme on Immunization WHO supports countries' efforts to 
ensure childhood immunization coverage for six diseases : diphtheria, poliomyelitis, 
tetanus, pertussis, tuberculosis and measles. It is foreseen that, depending on 
availability and cost, other essential vaccines will be added. The Programme's work is 
closely coordinated with that of the programme for vaccine development, and it plays an 
important role in defining priorities in relation to the real needs. 

25. The Division of Diarrhoeal and Acute Respiratory Disease Control cooperates closely 
with the programme for vaccine development in setting up trials to assess new vaccines 
against those diseases. 

26. In close cooperation with the Division of Control of Tropical Diseases, the Special 
Programme for Research and Training in Tropical Diseases is supporting research on 
leprosy and several diseases caused by parasites (e.g. malaria). In view of the 
similarity between the mycobacterial agents responsible for leprosy and tuberculosis, the 
research on tuberculosis vaccines is closely coordinated with that on the immunology of 
leprosy. 

27. The Expanded Programme on Immunization, the Special Programme for Research and 
Training in Tropical Diseases, the Global Programme on AIDS and the Biologicals unit 
collaborate with the programme for vaccine development in its activities aimed at 
improving the effectiveness of vaccines. 

IX. PARTICIPATION OF SCIENTISTS FROM DEVELOPING COUNTRIES 

28. As members of the Scientific Advisory Group of Experts and Steering Committees, 
scientists from developing countries are directly involved in the selection of 
priorities, the planning of research strategies and the monitoring of research projects. 

29. The research projects provide excellent opportunities for the training of scientists 
from developing countries, and an increasing number are being developed with their 
collaboration. This trend will be emphasized in relation to the organization of vaccine 
trials and the assessment of immunogenicity and efficacy. In many projects visiting 
scientists and fellows are learning to use new technology that has been developed in the 
most advanced laboratories in the world. 

30. Every year, with the support of funds provided by the Government of Switzerland, two 
eight-week advanced courses in vaccinology, immunology and biotechnology are organized at 
the Lausanne/Geneva WHO Research and Training Centre for 40-50 participants from 
developing countries. The objective is to create nuclei of scientists capable of 
participating in vaccine research and of providing basic training to younger researchers 
in their countries. So far, 540 scientists from 86 countries have been trained in 
immunological aspects of vaccinology. A follow-up programme ensures continuing contact 
with previous trainees, and facilitates the organization of ad hoc workshops and courses 
in developing countries. 

X . BUDGETARY ASPECTS 

31. Since the launching of the programme for vaccine development, when the 
Director-General allocated US$ 1 500 000 as seed money, funds for administrative and 
technical meetings have been allocated from the WHO regular budget, but most of the funds 
for research have been received from external contributors : the Rockefeller Foundation, 
the Glenmede Trust, UNDP, and the Governments of Australia, Italy, Japan, Norway, Sweden 
and Switzerland. In 1990 UNDP became a partner in the programme, which is now seeking to 
increase the mobilization of appropriate resources to accelerate the development of 
essential vaccines and ensure the optimal impact of new and improved vaccines on the 
prevention of major communicable diseases affecting children in developing countries. 
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32. A total of US$ 15.1 million has been received from external contributions for the 
programme since its initiation. The total resources available to the programme for 
1990-1991 (including the training component and the funds from the WHO regular budget) 
are estimated at US$ 8.2 million. 

33. Regarding future needs, the following table provides an estimate of the resources 
needed from the public sector to accelerate the development of targeted vaccines during 
the next decade. 

TABLE 3 

1999 targets 
Estimated cost 

(public sector) 
US $ million 

Improved vaccines 

Single-dose tetanus toxoid 6 - 1 0 

Single-dose hepatitis В and diphtheria/ 
pertussis/tetanus 

Single-dose, heat-stable oral poliomyelitis 
"New" BCG 
"Early" measles 

15 
15 
12 
20 

- 2 8 
- 2 5 
- 1 8 
- 3 0 

Single-dose Japanese encephalitis 10 - 1 5 

New vaccines 

Single-dose "multivalent vaccine" against 
meningitis and respiratory infections 
(meningococcal А, С and В； 
Haemophilus influenzae В. pneumococcal') 36 - 4 8 

Combined oral vaccine against bacterial 
diarrhoea (Shigella/cholera) 20 - 3 0 

Viral vaccines : 

combined respiratory syncytial virus and 
rotavirus 

Hepatitis А, С, E 
Dengue (multi-type, single-dose) 

30 
28 
20 

- 4 5 
- 3 8 
- 3 0 

34. It can therefore be estimated that a global amount of US$ 20-30 million would be 
needed annually to reach the 1999 targets. 

35. The increased participation of scientists from developing countries in 
vaccine-oriented research will largely depend on the strengthening of research capability 
in this area. This component will be increased in the future provided appropriate 
financial resources are available. 


