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INTRODUCTION 

In 1890 at the International Medical Congress in Berlin, 
Robert Koch discussed difficulties in research progress and 
reminded his colleagues: liAs recently as 15 years ago we knew 
little more than the fact that in anthrax and relapsing fever, 
strange exotic structures were produced in the blood and that 
occasionally, so-called vibrios occurred in wound infections .•.. 
With the exception of a few researchers who were considered to be 
dreamers, such structures were viewed more as curiosities than 
pathogens". One hundred years later the magnitude of achievements 
in medical microbiology, virology and immunology is unanimously 
recognised, especially in the field of immunization against 
infectious diseases. The contrihution of active immunization has 
been decisive in the control of at least nine major infections 
smallpox, diphtheria, tetanus, yellow fever, pertussis, 
poliomyelitis, measles, mumps and rubella. Vaccines and clean 
water have exerted a more profound influence on world health than 
any other public health measure or programme. 

VACCINES AND IMMUNIZATION PROGRAMMES 

Satisfaction with the successes of existing vaccines (Tables 
1 and 2) is tempered by frustration that several countries 
continue to be savaged by the consequences of preventable 
infections like measles, poliomyelitis, pertussis, tuberculosis, 
tetanus, and hepatitis B. However, due to the World Health 
Organisation Expanded Programme on Immunization (EPI) and UNICEF 
efforts the control of infectious diseases is now co-ordinated 
with the goal of 80% immunization coverage of infants by the end 
of 1990 and 90% by the end of 2000. 

The magnitude of problems to be solved could be demonstrated 
hy the severity of measles infections in some countries, members 
of the Eastern Mediterranean Region of the World Health 
Organisation, where in 1990, despite available measles vaccine, 
every three minutes a child dies from measles, i.e. 460 per day. 
For this reason, some countries, like Bahrain, Cyprus, Kuwait, 
Qatar, and United Arab Emirates, included measles - mumps 
rubella (MMR) vaccination into their routine national Expanded 
Immunization Programme. Saudi Arabia, Kuwait, Qatar and Iraq are 
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includinq meninqococcal and hepatitis B vaccination within their 
EPI. In Saudi Arabia the mandatory vaccination aqainst hepatitis B 
of all newborns was declared in 1989. In the Eastern 
Mediterranean Reqion of WHO.out of 350 million inhabitants, nearly 
17 million are chronic carriers of hepatitis B virus. Up to 25% 
of these carriers will die in adulthood due to this viral 
infection. 

Table 1. Viral Vaccines Used in the United States (1990) 

VACCINES 

Hepatitis B (HB) 
Influenza 

Measles 
Measles - Mumps - Rubella 
Mumps 
Inactivated Poliovirus 
Vaccine (IPV) 
Oral Poliovirus 
Vaccine (OPV) 
Rabies 

Rubella 
Yellow Fever 

TYPE 

Inactive Viral Antiqen 
Inactivated Virus or 
Viral Components 
Live Virus 
Live Viruses 
Live Virus 
Inactivated Viruses 
of all 3 Serotypes 
Live Viruses 
of all 3 Serotypes 
Inactivated Virus 

Live Virus 
Live Virus 

ROUTE 

Intramuscular 
Intramuscular 

Subcutaneous 
Subcutaneous 
Subcutaneous 
Subcutaneous 

Oral 

Subcutaneous 
Intradermal 
Subcutaneous 
Subcutaneous 

For many infectious diseases vaccines are not available and 
problems and constraints of currently available vaccines are 
known. From all vaccines used in Expanded Proqramme on 
Immunization only BOG and oral polio vaccine can be qiven at birth 
or any time thereafter. Measles and BCG are the only vaccines that 
require a sinqle immunizinq dose. To achieve protective levels of 
antibodies diphtheria tetanus, - pertussis (DTP) and pOlio 
vaccines must be qiven several times. The dropout rate is hiqh as 
20% of vaccinees fail to return for each required booster shot. 
For this reason a sinqle shot of combined vaccines immunizinq 
aqainst several diseases appears as a suitable solution. The 
first research results on vaccinal associations shows that 
immunization aqainst diphtheria, tetanus, pertussis, polio and 
hepatitis B in a sinqle injection could be achieved. 

An unresolved problem is the vaccination schedule aqainst 
measles Which kill 2 million children annually. The presence of 
maternal antibodies neutralise the vaccine in younq children. If 
the 12 - 15 months schedule for vaccination aqainst measles used 
in developed countries is applied in the developinq world 30% to 
50% of children will be infected before they received the vaccine. 
Thus, new schedules as well as new strain of measles vaccine to be 
effective at 6 months of aqe in developinq countries were 
suqqested. 
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Table 2. Bacterial Vaccines Used in the United States (1990) 

VACCINES 

BCG (Bacillus of 
Calmette and Guerin) 
Cholera 

Diphtheria - Tetanus -
Pertussis (DTP) 
Haemophilus influenza b 

Polysacharide (HbPV) 

or Conjugate (HbCV) 

Meningococcal 

Plague 
Pneumococcal 

Tetanus 
Diphtheria - Tetanus 
(DT or Td)* 
Typhoid 

TYPE 

Live Bacteria 

Inactivated Bacteria 

Toxoid and Inactivated 
Bacteria 

Bacterial Polysaccharide 

Polysaccharide Conjugated 
to Protein 
Bacterial Polysaccharides 
ISerotypes A, C, Y, W-135 
Inactivated Bacteria 
Bacterial Polysaccharides 
of 23 Pneumococcal Types 
Inactivated Toxin (Toxoid) 
Inactivated Toxins 
(Toxoid) 
Inactivated Bacteria 

ROUTE 

Intradermal 
Subcutaneous 
Subcutaneous 
Intradermal 
Intramuscular 

Subcutaneous 
Intramuscular 
Intramuscular 

Subcutaneous 

Intramuscular 
Intramuscular 
I Subcutaneous 
Intramuscular 
Intramuscular 

Subcutaneous 

*DT Tetanus and diphtheria toxoids for use in children aged 
(7 years 

Td Tetanus and diphtheria toxoids for use in persons aged 
)7 years. Td contains the same amount of tetanus toxoids 
as DTP or DT but a reduced dose of diphtheria toxoid. 

Presently, at least five visits are required to immunize a 
child. That represents important problems for health services and 
for children's families. 

The benefits of immunization are tremendous and well 
recognised, as proved by the World Health Organisation Expanded 
Programme on Immunization. The recommendations for immunization 
must balance the scientific evidence of the risks to achieve 
optimal levels of protection against infectious diseases, the 
production costs and the benefits based on vaccine quality, such 
as immunogenicity and lack of adverse clinical reactions. For any 
immunization programme the recommendations provide specific advice 
concerning the vaccine quality, the dose to be used, the route of 
vaccine administration, and schedule, as well as precautions or 
contraindications in vaccine use. 

It is obvious that the best way to reduce vaccine
preventable diseases is to have a highly immune population, 
through appropriate immunization programmes. 
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NEW APPROACHES TO PRODUCE VACCINES 

Modern vaccines are safe and effective but not completely so. 
Recent progress in genetic engineering technology has led to the 
development of several new types of potential vaccines. The 
vaccines made by recombinant DNA (rDNA) technology can be 
immunogenic peptides produced by the host organism as isolated 
peptides or as fusion proteins. They can be live recombinant 
vectors such as viruses engineered to express foreign epitopes on 
their surface. Another potential vaccines has been proposed. 
They consist of anti-idiotypic monoclonal antibodies which mimic 
the bacterial or viral antigens responsible for eliciting 
protective immune responses. A good example of commercial 
genetically-engineered successful vaccine is hepatitis B surface 
antigen (HBsAg) produced in yeast, mammalian cells or insect 
cells. If rDNA techniques can provide safer, more economical 
vaccines or new vaccines which cannot be produced by conventional 
methods, there will be an immense impact on preventive medicine. 
However, these new vaccines must give full satisfaction, through 
clinical trials, especially for their immunogenicity. 

The genomes of large carrier viruses, such vaccinia virus, 
adenovirus, baculovirus, or of non-pathogenic bacteria to human 
are used as vector of foreign genes coding for one or more 
immunogens. The recent development of virus or bacteria vector 
vaccines is very promising. For example, an human immuno
deficiency vaccine in which vaccinia virus is the vector of 
selected HIV genes producing immunogenic peptides is under clinic 
trials in the United States (Newmark, 1988). 

Vaccinia virus, adenovirus and baculovirus are the main 
expression systems used in resea.rch programmes to develop new 
vaccines. Recently, these systems permitted the construction of 
subunit vaccines against viral diseases induced by the human 
immunodeficiency virus, hepatitis B virus, hepatitis A virus, 
hantavirus, rabies virus, herpesvirus, cytomegalovirus, 
coronavirus, respiratory syncytial virus, rotavirus, dengue virus 
and influenza virus, among others. Vaccinia-rabies glycoprotein 
recombinant vaccines are presently under trial for wildlife 
immunization and results obtained are very promising. Bacteria 
like Escherichia coli, Salmonella typhi, yeast cells, insect cells 
and Chinese hamster ovary cells also were used successfully to 
produce rDNA vaccines, (Barteling, 1988, Kurstak, 1988, Melnick, 
1988, La Montagne, 1989, Robbins, 1990). 

Another example of a new approach to the vaccine development 
are the synthetic immunogenic peptides containing the amino acid 
sequence of neutralizing epitope in the VPl capsid protein of 
poliovirus types 1 and 3 which induce the production of 
neutralizing antibodies in animals (Ferguson et aI, 1985). The 
amino acid sequences from various regions of the hepatitis B 
surface antigen of hepatitis B virus also were experienced in 
animals giving partial protection against virus challenge 
(Barteling, 1988). 
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The design of synthetic peptides vaccines is essentially 
based on detailed knowledge of the antigenic structure of 
protective immunogens. Acquisition of such knowledge of the 
epitopes required to induce a protective immunization will 
eventually permit more successful clinical trials with synthetic 
immunogens. 

A very interesting approach is the construction of poliovirus 
antigen chimaeras as potential vaccines. In such chimaeras the 
antigenic site 1 from the Sabin type 1 strain is replaced with the 
corresponding sequences from the type 2 or type 3 polioviruses. 
The resulting viable chimaeric virus exhibits dual antigenicity 
and composite immunogenicity. As the residual levels of the 
disease is attributed to reversion to neurovirulence by polio 
serotypes 2 and 3 virus in vaccines, such a chimaeras vaccine 
would improve the safety of immunization. The bioengineered polio 
type 1 virus containing an epitope from the glycoprotein gp4l of 
human immuno-deficiency virus also permitted the production of HIV 
neutralizing antibody in rabbits, suggesting that enteroviruses 
could be used as vectors in immunization against AIDS virus (Evans 
et aI, 1989, 1990). 

IMMUNIZATION SCHEDULES AND VACCINAL ASSOCIATIONS 

Immunization schedules are not a set of very strict 
requirements and could be adjusted to the ability of vaccinees to 
acquire immunity, to the epidemiology of diseases as well as to 
the immunogenic response based on the antigenic quality of 
vaccines. In general an immunization schedule is considered to be 
effective when specific antibodies are developed at least in 95% 
of those vaccinated. For example, the immunization schedules 
enforced in industrial countries could be different in developing 
countries where health and socio-economic situations are deficient 
and immunization performed only during occasional campaigns. 
For these reasons vaccinal associations or combined vaccines 
are particularly valuable in developing areas. The vaccinal 
associations permit to vaccinate against a maximum number of 
diseases with a minimum number of interventions. Several 
vaccinal associations against infectious diseases are now 
suggested and has been experienced successfully (Table 3). 

Recently, a tetravalent vaccine combining diphtheria, 
tetanus, pertussis (DTP) antigens with the new inactivated 
concentrated poliomyelitis vaccine (Tetracoq) demonstrated that 
such a combined vaccine is well tolerated and highly immunogenic. 
This combined vaccine leads to the protection against four 
diseases with only two injections in children from the age of two 
months (Ajjan and Saliou, 1990). These authors noted that in 
simultaneous administration of multiple antigens such as hepatitis 
BsAg, BCG, DTP and polio, the immune response to the HBsAg and to 
other antigens is equal to immune response after administration of 
a single antigen. 
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Table 3. Selected Vaccinal Associationsl Combined Vaccines 
Under Trials or Applied in Immunization 

BCG - Yellow Fever 
Diphtheria - Tetanus 
Measles - Rubella 
Polio - Measles 
Tetanus - Influenza 
Measles - Meningococcus A, C 
Measles - Mumps - Rubella (MMRl 
Diphtheria - Tetanus - Pertussis (DTPl 
DTP - Meningococcus A, C 
DTP - Measles 
DTP - Yellow Fever 
DTP - Measles - Yellow Fever 
DTP - Measles - Inactivated Polio 
DTP - MMR - Inactivated Polio 
DTP - BCG - Oral Polio 
DTP - Measles - Yellow Fever - Oral Polio 
DTP - BCG - Measles - Yellow Fever 
DTP - Polio - Hepatitis BsAg 
DTP - Hepatitis BsAg - BCG - Polio 
Diphtheria - Tetanus - Rubella - Oral Polio 
Yellow Fever - Measles - BCG - Tetanus 

CONCLUSIONS 

Only in the developing countries the available vaccines 
against measles, pertussis, tetanus and polio diseases prevents 
over one million and half deaths per year of children. New 
vaccines or improved vaccines are urgently needed against human 
immunodeficiency virus, respiratory syncytial virus, influenza 
virus, parainfluenza virus, hepatitis A and C viruses, rotavirus, 
dengue virus, japanese encephalitis virus, cytomegalovirus, herpes 
simplex virus, enterotoxigenic Escherichia coli, salmonella, 
shigella, cholera, Haemophi1us inf1uenzae, Streptococcus 
pneumoniae, Mycoplasma pneumoniae, Mycobacterium tuberculosis, 
Mycobacterium 1eprae, meningococcus A, B, C and several parasitic 
diseases, especially malaria and schistosomiasis. 

Vaccines against these diseases could be available in the 
next 5 - 15 years, if the industry producing vaccines, government 
authorities and international organisations devoted to the health 
problems work closely together. 

A substantial financial support from the governments of 
industrialised countries should be allowed to academic and 
industrial medical research programmes on vaccines production. 
Basic research on pathogens is essential for vaccines developments 
as proved by new biotechnology now used for the production of some 
vaccines like hepatitis BsAg. It could be predicted that in the 
next decade the majority if not all vaccines will be produced by 
biotechnology. 
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The development of new adjuvants and immunomudulators that 
enhance vaccine efficacy is another area of research priority, as 
well as investigation on vaccine delivery technology. The 
conjugation of polysaccharides to enhance antigenicity of vaccines 
demonstrated by Haemophilus influenzae type B capsular 
polysaccharide tetanus protein conjugate vaccine, proved that such 
research should be supported. 

The technology to produce large quantities of vaccines is 
available. The financial support to design new vaccines or to 
improve old ones could be found. For these reasons we should 
continue to be optimistic considering that vaccinology 
developments are gOing in the right direction, as well as 
immunization programmes. 
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