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RECENT ADVANCES IN 
BIOLOGICAL AND PHYSICAL SCIENCES AND 

THEIR IMPLICATIONS FOR HEALTH CARE 

The delivery of health care is clearly dependent upon past, recent and future research 
in biomedical science in its broadest aspects. But significant contributions, direct or 
indirect, have come and will come from physical science and technology also. 
Advances are occurring rapidly not only in the biological sciences but in the 
technologies and physical science. Certain of these undoubtedly have the potential to 
facilitate advances in health care 一 whether by treatment, care or prevention on the 
one hand, or by improvements in methodology, cost-effectiveness or availability on the 
other. 

Four welUknown examples of the highly successful use of discoveries in basic science, 
or technological developments, that are proving their worth in the arena of health care, 
illustrate the potential: molecular biology, immunology, lasers and ultrasonics -
contributing to diagnosis, patient treatment or prevention. Enabling technologies, 
such as the new materials which allow the production of better prostheses and orthoses, 
or the systems that allow the more effective design and operation of water treatment 
plants and better reduction of environmental pollution, have an indirect but neverthe-
less significant contribution to solving various health-sector problems. We outline 
below a few selected examples to explain some of the possibilities offered by basic 
biomedical science, by physical science and by technology that illustrate these general 
points; additional and more detailed material is presented in two Annexes. 

Diagnostic procedures 
One of the most important recent developments in biomedical science has been the 
hybridoma technique for producing monoclonal antibodies; kits are already being 
produced that use monoclonal antibodies for diagnostic purposes. In fact, the develop-
ment of the biotechnology industry has been a major result from, and influence on, 
many advances such as these. Recombinant DNA techniques are available for prenatal 
screening and, where necessary, for postnatal examination for inborn errors of metabo-
lism. And a variety of other new diagnostic aids are being introduced： particular types 
of tumour, for example, generate specific proteins; this fact offers opportunities for the 
development of specific assay techniques for early detection of the tumour. The general 
conclusion from this successful experience must be that deeper knowledge about 
biochemistry in normal or pathological conditions will lead to an improvement in 
diagnostic procedures through the development of detectable and measurable disease-
specific elements. 

From a different quarter of science, advances in imaging technology have brought a 
new dimension to diagnostic procedures. The ability to display structures within the 
body, including abnormal material, so that the medical attendant can see the state of 
the body directly, instead of having to make inferences from sometimes very indirect 
measurements, has led to a much greater ability to diagnose - and treat - with precision. 
Some useful techniques like Magnetic Resonance Imaging (MRI) are very expensive, 
at least at present. However, ultrasonic techniques, even using the latest display 



technology, are much less costly (though less precise) and suitable for screening and 
diagnostic work in a wide range of pathological conditions. Static visualisation of tissue 
structure is possible; other ultrasonic methods display both range and velocity of 
moving targets in the field of ‘view, and so are able to visualise blood flow and tissue 
movement. Endoscopic techniques are relatively inexpensive (although careful train-
ing may be needed), while both automated cytological screening and automated 
pattern-recognition of micro-organisms are coming closer to cost-effective perform-
ance. 

Over the past few years, a wealth of diagnostic devices and techniques has emerged on 
the market, covering virtually all branches of medicine and health care. Many of these 
have become possible, or become economic, as a result of the advent of the personal 
computer or more generally, microchip technology, or its combination with physico-
chemical techniques - a s in the biosensor; they have had a profound influence on the 
range, scope, precision and simplicity of diagnostic investigations in the hospital ward, 
in the laboratory or in the field. The Annexes mention a number of examples, but it 
is worth emphasising here that each of these devices or techniques always rests 
fundamentally on a series of, often extensive, scientific investigations. These are 
required in order to link the phenomenon being measured to the biochemical or 
physiological function of interest, to determine specific properties of the variable being 
measured such as its stability and statistical variability in the individual and across the 
normal population, its freedom from other influences, its behaviour in the presence of 
abnormality, and the optimum processing needed to provide the clearest indications 
to the investigator. And even after these studies are complete, and have been 
adequately confirmed by other workers, clinical trials are often needed to validate the 
procedure convincingly in practice. Finally, to convert a laboratory procedure into an 
industrial product normally requires a substantial programme of technological devel' 
opment. So even the most biomedically oriented equipment is usually dependent on 
a substantial input of physical science and technology. 

Therapeutic procedures 
n surgical treatment, various technologies and developments from physical science 

have become important. The surgical use of lasers is a good example. Ophthalmic 
surgery was the first specialty to use the laser, sealing blood vessels in the eye and 
repairing or preventing retinal detachment, a technique which has since been refined 
and extended. Interaction of laser radiation with the eye may be employed to seal or 
obliterate blood vessels, ablate areas of retinal hypoxia, produce lesions to join layers 
of the retina and choroid to prevent detachment, or produce drainage channels in the 
iris. Attention is being given to the potential of the laser in ‘photodynamic therapy’ of 
cancer, especially in conjunction with photosensitising agents for treating localised 
malignancy. Neurosurgery and otolaryngological surgery for the removal of tumours 
have already produced reports of favourable results and appear to have an excellent 
future. There seem also to be interesting possibilities in cardiac surgery 一 using a fibre 
optic laser probe to clear an occluded coronary blood vessel (with relatively less surgery, 
and less surgical trauma, than one common alternative, a coronary bypass). 

Microsurgery has been become much more subtle and sophisticated, partly with the aid 
of lasers but also of microscopy and other technological innovations; even the use of 
robotically controlled devices to aid surgery of the brain or of other organs for which 
precise positioning is vital has not been regarded as too advanced. 



Surgery is often guided by detailed clinical measurement, and especially where the 
vascular system is involved, flow measurements are needed. As mentioned above, 
ultrasonic methods were introduced in the first instance for this purpose, but ultrasonic 
procedures also have therapeutic applications, for instance, in use to reduce kidney 
stones by a sonic fracture technique seem likely radically to simplify treatment of this 
condition. 

The physiological control of the patient during and after surgery, using feedback 
techniques based on modern control theory, is also being practiced. Automated 
anaesthesia has been extensively studied, apparently with success; the automatic 
control of blood pressure and other physiological factors affecting the left'ventricle 
following open-chest cardiac surgery is now a routine procedure in certain hospitals, 
and is asserted to exhibit distinct advantages. 

Therapeutic drug design is now a well-supported scientific activity, because of the 
success of pharmacology in generating major industrial exploitation 一 through the 
manufacture of therapeutic and preventative drugs, and vaccines. Biophysical insights 
into the way in which biochemical reactions take place and the role of surface binding 
phenomena at the molecular level, have made it possible to design and synthesise novel 
enzymes, vaccines and drugs with appropriate molecular 'patterns' that, due to planned 
complementarity of shape, bind competitively to macromolecules on or in target cells 
and organisms. And another new development, drugs for neurological and psychiatric 
disorders have come about because of new understanding of the nature and behaviour 
of neurotransmitter chemicals in the nervous system. 

Any review, however brief and selective, should comment on the well一known diseases. 
Cancer incidence is rising due to the ageing of the population, and hopes have been 
expressed for cancer treatment by radiation or chemotherapy; however, only refine-
ments of technique seem likely at this stage. Advanced radiotherapy does have clear 
application, but is enormously expensive in practice while, with present knowledge, 
the opportunity for major advance in chemotherapy seems limited. 

Cardiovascular disease, on the other hand, presents a slightly better picture. Many 

due to dietary and other preventative measures, with the deployment of useful drugs, 
and perhaps due to better nutrition during very early life. A coronary link with 
hypertension has been asserted, in the face of which a change of diet may be an 
adequate preventative 一 a ‘healthy life style’ is the target - but if this is inadequate, some 
fairly good drugs are available against hypertension and against the apparent low-
density lipid/cholesterol factor in coronary atheroma. The role of simple drugs is 
illustrated by clear evidence of the value of aspirin as a risk- reducing factor in coronary 
heart disease. However, more sophisticated agents like streptokinase and newer clot' 
dissolving drugs have proved valuable (jointly with aspirin) in reducing the risk of 
further damage after an infarction. Sensitive tests for ischaemic heart disease have now 
been devised, so that patients at risk can be better and earlier identified. And as 
mentioned above, there is a likely role for laser surgery in recanalisation of partly- or 
fully-occluded coronary blood vessels, which should reduce the need for costly and 
traumatic open-chest surgery. 

The best approach to handling the problem of tropical infectious diseases, the major 
issue on a short time-scale for many countries, seems to be through the vaccine route, 
and good new vaccines are now on test, for instance, for cholera, with prospects for a 
malaria vaccine also. However, drugs that seem to be effective in the treatment of 



schistosomiasis have recently been introduced and better treatments for sufferers from 
other diseases are needed. 

Turning to the problem of disablement, whether due to disease, accident or foetal 
abnormality, significant advances based on both physical science and technology have 
occurred in what might be called: substitution and repair - referring to joint replace' 
ment, transplants of various kinds, prostheses and orthoses, and the use of implanted 
devices. 

Joint replacement depends on the availability of strong, light, biologically inert 
materials, designed into shapes that require fine tolerances. Much skillful mechanical 
engineering has already been contributed to solving this problem, but the better 
materials appearing now are still needed. On the other hand, the problems with many 
prosthetic or orthotic devices, like artificial limbs, lie in achieving better functionality 
for the needs of the individual, in achieving better cosmetic acceptability, and in 
making the device more ‘user'friendly’. New materials, as discussed in the Annex, are 
likely to help in meeting these needs, especially when indigenous skills are brought to 
bear on the design of devices that are better suited functionally to the needs of people 
in the specific country. 

One of the developments with a future is the use of implanted muscle stimulators. 
Pacemakers have been long in use, but implanted devices that stimulate the bladder 
sphincter should prove invaluable in treating incontinence, a distressing complaint for 
many elderly people. Other such devices, having a measure of external control but 
otherwise operating automatically, may be found helpful in treatment of conditions in 
which nervous system control of muscles has failed. 

Transplant surgery should be mentioned here; it undoubtedly has a major future. 
However, it must be noted that a serious lack of organs for transplantation (especially 
kidneys) exists at the moment. This problem needs urgent attention at political and 
planning level. Artificial devices do not seem likely to provide a permanent solution. 

Prevention 
The most important key concepts can be listed very briefly: vaccines, diet and life^style, 
screening and early detection, improved nutrition for increased resistance to infection, 
clean water and sewage disposal for reduced exposure. 



Boxl 

Development of a polyvalent live attenuated Dengue Vaccine 
R Л D in Southeast Ash 

In 1 9 7 8 , a research steering committee recommended to S E A R O that positive steps ahould be taken to 
developing Dengue Vaccine. A specific laboratory within the region was designated to undertake the 
development o f a quadrivalent vaccine against dengue haemorrhagic fever ( D H F ) - effective against all 
four dengue viruses -and work commenced in 1 9 8 0 . 

Agreement was reaéed on five main issues: 

• the scientific principles underlying the development of vaccines against D H F ; 
• the target population for the use of the vaccine; 
• the starting p o i n t initial choice of vaccine (attenuated virus); 
• techniques for defining the level of attenuation o f the viruses; 
• test procedures. 

The scientific hypotheses that were accepted are: 

• adults appear to be less susceptible to D H F ; naturally acquired immunity seems to protect the individual 
against the infection. Immunisation of target populations could result in protective antibody responses 
in individuals that would reduce susceptibility to the disease. 

• an antibody response to just one or two viruses can be a risk factor for D H F if subsequent infection by 
other types of dengue virus occurs; the vaccine must confer life-long protective immunity against all 
four types of dengue virus. 

So the vaccine should be a quadri-valent, live attenuated dengue vaccine. 

The target population was identified as: infants below the age o f one y e a r . 

The starting point for vaccine development would be the attenuation of a strain of viruses isolated from 
patients in the target population. 

The most useful markers to define the level of attenuation o f the viruses were considered and agreed. In 
order to m a k e the vaccines as safe as possible, the relevant safety test requirement set by the US Food and 
Drug Administration was adopted. Candidate vaccines regarded as suitable were then to be reviewed by 
an international panel of experts in dengue, which would assess if the vaccines were suitable for human 
trials. The choice of volunteers for immunisation, taking account o f the need for informed consent, was also 
decided. 

fñüestones readied 

The advisory panel has met in Bangkok seven times so f a r to review progress. 

• Monovalent vaccines: 
Three monovalent vaccines have been fully developed in the laboratory, safety tested and given to 
more than one hundred volunteers. N o untoward reactions resulted, and it was possible to estimate 
the strength of immunity conferred. 

• Bivalent vaccines: 
Two bivalent vaccines have been tested in volunteers, with encouraging results. One vaccine gave a 
strong antibody response to two viruses, while the other additionally produced useful antibody 
responses to the other two viruses. Thus, it 叩 p e a r s possible to produce a trivalent vaccine which m a y 
be able to produce protective antibodies against all four viruses. 

A trial of a trivalent vaccine, based on the results with bivalent vaccine, is planned for 1 9 9 0 . However, 
further work is still needed to identify a useful strain of one of the four viruses. 



There seems very little doubt at present that the most cost-effective approach to the 
prevention of appropriate disorders is through the development of new vaccines. 
Again, recombinant DNA technology is likely to prove important, but the cost of 
development, and the resource demand in setting up production, if manufacturing is 
to be undertaken in a developing country, may be formidable. Nevertheless, in view of 
the importance of the approach, manufacturing might be the best option, and 
technology transfer may be needed for the biochemistry, the manufacturing process 
control, the operations management and the personnel and financial management. 

Evidence is widespread that early detection of cancer increases the likelihood of 
arresting the development of the disorder in the patient or eliminating it; hence the 
interest in national screening programmes. Without doubt, cervical screening has led 
to a substantial decrease in mortality from cervical cancer, and new national screening 
campaigns are being widely established. Mammography, as a screening technique for 
early breast cancer, is still subject to debate; some reports suggest considerable gains in 
detecting breast lumps in the 45-65 age group, but other studies are inconclusive, at 
least in terms of cost'effectiveness. A possible correlation has been suggested between 
diet and cancers, especially cancers of the colon, but the evidence is inconclusive and 
knowledge about possible mechanisms incomplete at present. 

On the other hand, prenatal screening for inborn errors of metabolism, using recom-
binant DNA techniques, is proving very effective. However, other causes of abnormali-

consequential actions in this situation. In the case of cardiovascular screening, it has 
yet to be finally proved that the common biochemical tests are sufficiently stable and 
definitive to be useful, and blood pressure screening is subject to methodological 
uncertainty. Exercise electrocardiogram testing of individuals with possible myocardial 
ischaemia is useful but time-consuming and costly, whereas ultrasonic measurement of 
aortic and other other blood flow patterns is simple, informative in limited degree, and 
cheap; better techniques will improve its utility. Screening on a population scale for 
other disorders may justify more attention. 

Nutritional factors are undoubtedly important in the development of increased 
resistance to infection. They are linked to other determinants of health such as 
population control and employment, because of the socio-economic dimension of 

diseases due to environmental hazards and deficiencies are no longer principal causes 
of sickness or death in developed countries. The matter is discussed in another Panel 
paper. Nevertheless, the change in conditions of life are still relevant in most countries： 
atmospheric pollution, industrial chemicals, agricultural and food additives, adverse 
work conditions, road traffic, urban violence, smoking : all these and other influences 
represent conditions of life to which individuals adapt to a different extent. Some of 
these problems are amenable to technical solution; others are a matter for political or 
individual action. 

In addition to environmental and food sanitation, the need for clean water is 
paramount. While the proportion of populations provided with supplies of clean water 
has improved in most countries in the world it is found that, because of the population 
increase, more people than some years ago still do not have access to clean water. The 
costs of provision are substantial and it is vital that purification plants and distribution 
systems are designed, constructed and managed in the most cost-effective way; this is 
an area where modern civil engineering, materials science, managerial technology and 
even computer science have a useful part to play. These are in the category of ‘enabling 



technologies，, which support mainline developments - indeed, may may them possible 
一 and have therefore an indirect, but still critical place in health development. 

The role of enabling technologies 
Sometimes, utilising the health care potential of specific examples of proven science 
and technology means building up an industry to manufacture products. The success 
of the product depends on the design and engineering, and on its appeal 一 in the most 
general sense 一 to the ‘market’. It also depends on other technical factors, notably the 
understanding held by the senior technologists in the company about the product and 
its components, about the materials from which it has been fabricated, and about the 
production process and quality assurance. The economic viability of the plant depends 
not only on its sales but on its efficiency and its costs, including its purchasing of raw 
materials, utilisation of labour, management of manufacturing schedules, delivery and 
distribution of its products, invoicing and financial control, and marketing operations. 
For these reasons, the enabling technologies : including management decision-making 
and the use of consultative expert systems in a decision-support role and for trouble' 
shooting or optimisation are also important, if indirectly, in allowing the specific 
health problem to be solved by the industrial operation. 

Conclusion 
The evidence provided by the limited set of examples presented above, and in the two 
Annexes, shows how scientific and technological developments in the broadest sense 
are contributing greatly and fundamentally to the provision of health care to the 
community. This is true for physical science and technology just as it is for biological 
science. Continued investment in basic and applied science, whether explicitly 
biological or physical science, will certainly pay off and it is argued that early 
recognition of potentially important new discoveries and innovations would make it 
possible to ensure their early development to serve the needs of health care delivery. 
Properly planned schemes for technology transfer would make it possible for develop-
ing countries to capitalise, for health, on advances in other countries perhaps achieved 
in the course of work conducted for quite different reasons. There is also scope for 
regional cooperation between countries to undertake different, but mutually relevant, 
supportive research or industrial development. 



Box 2 

Reaional Program for the Development of 
Biotechnology Applied to Health in Latin America 

Realizing the need for the countries of Latin America and the Caribbean to acquire, develop and utilize 
biotechnologies for improving diagnosis and treatment of infectious diseases and building upon already 
launched initiatives in the area, the Advisory Committee on Health Research of Р А Н О decided in 1 9 8 7 to 
analyze the need for actions to stimulate and coordinate such activities. The result was a Regional Program 
for the Development of Biotechnology Applied to Health. The program was approved by the Directing 
Council of Р А Н О in 1 9 8 8 . 

The Regional Program aims at coordination of various institutional projects, using criteria of cooperation 
and complementarity among them. Its main features are: 

• integrated courses on large-scale production of monoclonal antibodies and recombinant proteins and 
on chemical synthesis of peptides and proteins; 

• short courses on processing of data on nudeic add and protein sequencing, synthesis of oligonudeo-
tides and nonradioactive tagging of molecules; 

• research training granls to be used for training within and outside the Region; 

• preparation and distribution of audiovisual materials for teaching of students and interns; 

• graduate courses within and outside the Region; 

• build-up of scientific and technical information systems on biotechnological products, processes e t c , 
on institutions working in biotechnoloaical research and development within and outside the Region, 
for data processing at the institutional level. 

• joint procurement of materials and instruments; 

• projects for institutional strengthening involving selected institutions and selected projects in member 
countries of the Region; 

The implementation of the Regional Program for the Development of Biotechnology Applied to Health in 
Latin America will require considerable additional funds, estimated at $ 2 4 millions o v e � a five-year period. 
(In view of the way the program is constructed it can be anticipated that it will have impact and effects on 
the use and distribution of biotechnological processes in the diagnosis and treatment of infections diseases 
in Latin America and the Caribbean far beyond the sum of the different institutional projects.) 



Annex I 

BIOMEDICAL RESEARCH 
AND ITS IMPACT ON HEALTH CARE 

The expansion of knowledge through biomedical research during the last 25-30 years 
has been remarkable as has the use of this knowledge in practical health care. Research 
in many disciplines ranging from biochemistry to different clinical specialties has 
contributed to this knowledge but the most important and far-reaching contributions 
have undoubtedly come from molecular biology. From the discovery of the double-
stranded DNA and the genetic code to recombinant DNA techniques, molecular 
biology has advanced at a pace and in a way that nobody could have foreseen thirty 
years ago. The tools of molecular biology are now becoming indispensable in many 
areas of biomedicine. 

Perhaps the most significant breakthroughs so far as a result of research in molecular 
biology have occurred in the domain of genetics. Genetics has become molecular 
genetics. From a primarily morphologic discipline, genetics today describes its findings 
in terms of molecular biology. The number of structurally defined genes increases at a 
rapid pace. It is probable that by the year 2000 most of the 100 000 genes in the human 
genome will be known. 

The impact of advances in molecular genetics on our understanding of many diseases 
is becoming increasingly evident. An important role of genetics has already been 
established in many common diseases. As an example it can be mentioned that 
evidence, although not wholly confirmed, has been presented to indicate the involve-
ment of defects in chromosome 21 in cases of Alzheimer disease. It has been reported 
that in blood of patients with Alzheimer disease there is a protein whch does not occur 
in blood of healthy people. The same protein is also present in Down syndrome. The 
protein is deposited in amyloid fibers in the brain. The gene coding for this protein is 
present in excess in patients with Alzheimer disease and Down syndrome, which 
explains the pathological deposits in amyloid fibers. However, it is likely that Alz-
heimer disease, like many other diseases is triggered by a combination of several factors, 
viz. a predisposing genetic defect, environment and the ageing process itself. 

Similar findings have been made with respect to some cancers. In this case, oncogenes 
play an important role. Oncogenes were discovered some years ago in studies of virus-
induced cancers. Today, some fifty different oncogenes are known. Oncogenes code for 
a variety of proteins such as protein kinases, growth factors and growth factor receptors. 
They are present in normal cells and are involved in regulation of normal growth. 
When they are deregulated or are altered by mutations, they may cause malignant 
transformations. An example is bladder cancer in man which is associated with a point 
mutation in the cellular ras gene resulting in a single amino'acid exchange. Another 
example is the activation of the cellular myc gene which results in the formation of 
lymphoma and plasmacytoma tumors. Recent work indicates that the activation of a 
single oncogene does not by itself result in transformation and tumor development 一 
the cooperation of other genes is necessary. A working hypothesis is that other genes 
may control the expression of oncogenes. In this context, the antioncogenes should be 
mentioned. An example of an antioncogene is the retinoblastomagene (Rb 1). The 



product of this gene prevents tumor formation. The gene has been cloned. Thanks to 
this, it is possible to predict predisposition for retinoblastoma. Very recent work on 
recessive cancergenes imply a role of these also in meningioma, glioma, mulitple 
endocrine neoplasia and kidney carcinoma. Even if much progress has occurred in the 
study of oncogenes and antioncogenes, it is apparent that much more knowledge about 
normal processes of growth and differentiation is needed to better understand the 
mechanisms of carcinogenesis. 

Other examples of the impact of increased knowledge about our genes on the 
understanding of disease can be cited. One deals with rheumatoid arthritis. There is 
evidence to indicate that rheumatoid arthritis in many cases is connected with changes 
in the hypervariable part of a locus in the MHC (major histocompatibility complex) 
region. 

Even if advances in molecular biology in recent years have been rapid and with 
sometimes unexpected repercussions it should be borne in mind that much other 
biomedical research has made important contributions that will lead to improved 
health care in the coming years. The advancement of immunology has been particu-
larly noteworthy. The most spectacular single advance in recent years is the hybridoma 
technique for obtaining monoclonal antibodies. The increasing knowledge of the 
mechanisms by which our immune system fonctions will provide additional tools for 
our fight against infectious diseases of various kinds and against cancer. Recent studies 
of the regulation of the immune system justify these expectations. The intense research 
into the interleukins, polypeptides that regulate the immune system, has led to the 
isolation of eight different peptides. The best known, and so far most studied 
interleukins are interleukin-2 and immune-interferon. Both have been prepared by 
rècombinant DNA technology and have entered clinical trials for treatment of certain 
cancers, primarily leukemia. 

Neurobiology and neurochemistry are other areas that have progressed beyond 
expectations. The analysis of the mechanisms of nerve impulse transmission both in 
the central and the peripheral nervous system has provided results that have and will 
find applications in treatment of disease. In recent years a number of neuropeptides 一 
up to now about 40 一 have been detected and structurally determined. It has been 
suggested that disturbances in neuropeptide formation may cause dysfunction of the 
nervous system. Thus, an inborn error in the formation or biological activity of g-
endorphin and related peptides might result in schizophrenia. In support of this 
hypothesis, it has been shown that endorphins may have antipsychotic effects in 
schizophrenic patients. It can be safely assumed that the intensive research on 
neuropeptides and their role in the nervous system will provide information with clear 
relevance for improvements in health care. 

Biochemistry and cell biology are fields which have advanced very substantially. Work 
on metabolic pathways was in essence finished by the end of the 1960，s and the 
researchers turned into analyzing the regulatory mechanisms of metabolism as well as 
cellular function and the interplay between cells in different organs. Studies on 
receptors and hormone action have provided insight into functional mechanisms with 
implications for diagnosis and treatment. New biologically active compounds have 
been isolated. Examples are cyclic nucleotides and the family of arachidonic acid 
metabolites, i.e. prostaglandins, prostacyclin, thromboxanes and leukotrienes. 

In the fields of physiology and pharmacology perhaps the most important contributions 
deal with the understanding of drugs and drug action. The realization of individuality 



in response to drugs and the synthesis of knowledge to turn drug design from more or 
less haphazard synthesis of a large number of compounds with more or less known 
possible effects to tailoring of compounds on the basis of knowledge of physiological 
mechanisms are advances with far-reaching implications. 

The developments in clinical sciences have been substantial both with respect to 
diagnostic and therapeutic procedures. To a large extent, these advances have de' 
pended on and will depend on advances in basic research, not least within molecular 
biology and immunology. It should be emphasized that in some instances the advance-
ments have built on techniques in sciences outside those normally included in 
biomedical sciences such as physical and mathematical sciences. Examples within 

phy. Generally, the advancements in diagnostic procedures have been more rapid than 
those in therapeutic procedures. However, the latter should not be underestimated. 
Suffice it to mention that in the developed countries 50% of many common cancers 
are cured today, that the advent of artificial joints have changed in a remarkable way 
the lives of those afflicted by various forms of arthritis or that the transplantations of 
organs, not least kidneys, have resulted in drastic changes for those normally con-
demned to premature death. Progress in therapeutic procedures, in some instances, 
dependent on utilization of techniques developed outside the biomedical sciences. An 
example of this is the increasing use of lasers. Lasers have been used for a long time in 
opthalmic, gynecological and otolaryngological surgery. The application of laser 
techniques is now being rapidly introduced in surgery of other organs and tissues. 
Perhaps the most promising field is in cardiovascular surgery. Although still in an 
experimental stage, it appears that lasers will find general application in surgery 
involving obstruction ofblood vessels including coronary arteries. If the application of 
lasers is successful, the need for coronary artery bypass operations will be markedly 
reduced. 

The foregoing is intended to present a brief description of the advances in biomedical 
research, particularly basic research, and their application in health care. The role for 
a strong basis of fundamental biomedical research is amply demonstrated by the case 
of AIDS and HlV-infections. A few facts from the history of AIDS document this. In 
1980, cases of Kaposis sarcoma and Pneumocystis carinii pneumonia were detected 
unexpectedly in young, previously healthy men in USA. A common denominator was 
that these men were all homosexuals. At the end of 1981, five to six new cases were 
reported each week. An article in December 1981 in New England Journal of Medicine 
described for the first time a complete review of this new contagious disease with 
apallingly high mortality. The disease was labelled acquired immunodeficiency. In the 
beginning, the disease was thought to be limited to homosexual men. Soon, it was 
found that patients with hemophilia could be affected. In 1983, AIDS was detected in 
Africans, both in men, women and children. Thanks to the great advances in basic 
virology, immunology and molecular biology in the 1970’s, information and methods 
were available to trace the causative agent. In 1983, Montagnier and his group 
discovered the presence of a retrovirus in lymph glands of a patient with early AIDS. 
The report did not receive much attention 一 so many different hypotheses and guesses 
were floating around at the time. One year later, i.e. 1984, Gallo and associates were 
able to definitiely show that AIDS is caused by a hitherto unknown retrovirus, which 
they called HTLV-III. Since then, developments have been very rapid. Already in 
1985, tests for HIV infection were commercially available. Today, we know most about 
the structure of the virus and the mechanisms of its replication. It can be said that if 
the AIDS epidemic had happened in the early 1970’s, the situation would have been 



catastrophical. At that time, the knowledge and the techniques to isolate a retrovirus 
were just not available. 

Many other examples of advances in biomedical research could be mentioned but the 
aim has been to present a brief background to the advances in health care that can be 
visualized on the basis of increased knowledge provided by biomedical research and in 
particular that involving basic research. In presenting these prospects, the possible and 
probable impact of biomedical research will be discussed in relation to different groups 
of diseases. It should be emphasised that there has been no intention of making the 
groups of diseases complete. Rather, the intention has been to give examples, also 
within the groups of diseases. 

Infectious diseases 
Infections diseases, be they of bacterial, parasitic or viral origin, can be considered in 
a world-wide perspective to be the most important group of diseases to combat. At the 
present state of knowledge this combat will likely be more successful in a ten - to fifteen' 
year perspective than that directed at many other diseases. The major factors behind 
this supposition are the advances in molecular biology and immunology. 

replication offer possibilities to produce vaccines specific for important structures 
responsible for infectivity of the microorganisms. At the same time, this way of 
attacking the problems of vaccine production decreases or eliminates unwanted side-
effects of vaccines. Recombinant DNA technology has provided an instrument to 
prepare immunogenic material at reasonable cost. A particular advantage with this 
technology is that deletion mutants which lack certain virulent genes can be prepared. 
These mutants will be antigenic but will be safer than vaccines prepared according to 
procedures currently used. Another possibility for vaccine production involves utili-
zation of subunits or components of microorganisms. Such vaccines will contain parts 
that are antigenic but lack components that may cause infections or other unwanted 
side-effects. Still another approach is to prepare vaccines containing crucial, antigenic 
peptides. The possibilities of this procedure are difficult to assess at present. There is 
a problem of protein conformation, i.e. that these peptides must reassemble in a three-
dimensional way the structure of the whole protein in the membrane of the microor-
ganism. 

Vaccines may also be constructed as anti-antibodies which act as antigens and ellicit 
immune response. There is already experience from experimental systems that such 
anti'idiotypic vaccines are effective in viral diseases such as hepatitis, influenza and 
polio and in parasitic diseases such as trypanosomiasis. 

In recent years, increased attention has been directed towards the use of viral vectors 
as a means of carrying antigens. The idea is that the live virus, e.g. vaccinia, will express 
a foreign gene inserted into its DNA when it is applied to an animal. This will 
subsequently lead to an immune response to the product of the foreign gene. Immune 
response has been shown in animals with vaccinia as a vector for immunization against 
for instance hepatitis В and herpes simplex. A drawback is that there may still be a high 
level of immunity to the vaccinia virus in the population. The principle can, however, 
be appied with other viruses as vectors, e.g. adenovirus and herpes virus. 

When parasites are considered, e.g. malaria, it can be assumed that vaccines will 
contain proteins from different stages of the evolution of the parasite. By such a design 



it will be possible to attack the parasite at different stages of its life cycle. However, it 
should be borne in mind that it is an enormous task to delineate which structures 
constitute the major antigens. Research dealing with malaria has progressed the 
farthest. So far, interest has focussed on the sporozoite stage of the malaria parasite. Two 
vaccines consisting of the linear epitopes of the circumsporozoite protein have been 
produced and are being tested clinically. The first vaccine is a synthetic peptide coupled 
with tetanus toxoid, which serves as a carrier. The second vaccine, which has been 
produced by recombinant DNA technology, consists of 32 four-amino-acid repeat 
units from P. falciparum circumsporozoite protein and a tail, 32 amino acids long, 
encoded by the vector. The trials indicate some success with these vaccines. Already, 
a second generation of vaccines is in preparation. In this case, the work involves 
defining epitopes of the malaria parasite that stimulate T-cells and thereby result in 
induction of cellular immunity. The rationale of this work is that efficient protective 
immunity can only be obtained when both arms 一 humoral and cell-mediated 一 of the 
immune system have been activated. To underline the importance of this, it might be 
mentioned that sporozoite'infected hepatocytes are only susceptible to cell-mediated 
immunity and not to antibodies. 

A problem with vaccines that is not yet satisfactorily solved at present is that of 
adjuvant. To make the vaccines optimally effective adjuvants are needed. It can be 
assumed that research on the regulation of the immune system will provide knowledge 
about suitable and effective compounds that stimulate the immune system. 

In discussing vaccine production the role of the use of monoclonal antibodies should 
not be overlooked. Monoclonal antibodies constitute an invaluable instrument to 
define antigens relevant for induction of protective immunity or mediation of pathol-
ogic response. They can be employed in purification of antigens to be used as vaccines. 

Even if the advancement in techniques for vaccine production, as outlined above, is 
remarkable, there are many problems that await their final solution. This is best 
exemplified by the case of AIDS. Present knowledge about the molecular biology and 
virology of the HIV viruses is substantial. Yet, there is no vaccine available and it may 
take many years before one becomes available. The unique pathogenicity and variabil-
ity of HIV virus have raised new challenges in vaccine design, testing and evaluation. 
In HIV, the external portion of the envelope glycoprotein is a major target for both 
antibody-mediated neutralization and cytotoxic immunity and this glycoprotein has 
been considered a good candidate for an AIDS vaccine. Various ways have been used 
to produce a pure antigen. The native glycoprotein has been isolated from HIV-
infected human cell lines and a recombinant form as well as the whole envelope gene 
product have been expressed in mammalian cell systems. Furthermore, a 180 amino 
acid part of the glycoprotein and a synthetic peptide have been produced. In other 
experiments, a peptide derived from a protein located immediately underneath the 
viral envelope has been synthesized to produce a possible subunit vaccine. The 
rationale of this approach is that this protein is highly conserved among HIV variants 
in contrast to the envelope protein. Experiments have also been performed in which 
the HIV viral envelope has been inserted into live virus vectors. Finally, attempts have 
been made to use anti-idiotypic antibodies to either the HIV envelope or its natural 
receptor on lymphocytes. In summary, a number of techniques have been tried in 
attempts to prepare a vaccine against AIDS and several trials have been carried out or 
are being carried out in monkeys and humans to test preparations for their efficacy as 
vaccines. So far, the results are not too encouraging. 



Overall, the prospects to combat infectious diseases in the coming decade seem good 
and can be mostly attributed to breakthroughs in biomedical research like recombinant 
DNA technology and monoclonal antibodies. It should be added that basic biomedical 
research also will provide better instruments for vector control. Suffice it to mention 
elucidation of the chemical structures of many sex attractants in insects. 

Cardiovascular diseases 
Cardiovascular diseases are the foremost cause of death and disability in the developed 
countries. If the prospects of making great progress in the elimination of many 
infectious diseases in the coming 10,15 years are good, the prospects to decrease 
morbidity and mortality in cardiovascular diseases in the near future must be consid-
ered less favourable. Unquestionably, risk factors such as high fat intake and smoking 
have been defined and suitable changes of life styles will likely have an impact. The 
very considerable research efforts that have gone into research on cardiovascular 
diseases seem to start to be paying off in the coming years. There is convincing evidence 
that decreasing cholesterol levels in serum leads to reduced risk of coronary infarction. 
Very large multicenter studies have shown this in a convincing way. Further, the basic 
research on regulation of cholesterol synthesis in the liver is providing new insights 
into possible mechanisms to influence cholesterol metabolism. As a consequence of 
the studies on the receptor for lipoprotein cholesterol and the regulation of the 
synthesis of this receptor, new drugs have been developed that act more specifically and 
more efficiently in reducing cholesterol levels in blood than any previously used drugs. 

An approach to causation of cardiovascular diseases, apparently different from that of 
diet and life^style factors, involves the thrombocytes. Recent research has shown that 
aggregation of thrombocytes - an early phase of blood coagulation and thrombus 
formation - is regulated by the interplay between the arachidonic acid metabolites 
prostacyclin and thromboxanes 一 the former preventing aggregation, the latter 
stimulating aggregation. It is conceivable that a change of the normal process of 
thrombocyte aggregation may be important in cardiovascular disease. If so, one can 
visualize a treatment modality based on inhibitors or stimulators of prostacyclin and 
thromboxanes. Aspirin, i.e. acetylsalicyclic acid has been shown to inhibit the 
biosynthesis of prostacyclin and thromboxanes. Several large clinical trials have been 
performed in which the possible benefit of low'dose aspirin in preventing coronary 
infarction and stroke has been examined. The results indicate that such treatment is 
of value. However, the side effects of long term treatment with aspirin, e.g. gastroiiv 
testinal bleedings, have to be taken into account. At present, the attitude appears to 
be one of limiting continuous treatment with low-dose aspirin to those at special risk. 
At any rate, further work on the prostacyclin-thromboxane system may provide more 
efficient drugs with fewer side effects than aspirin. 

Yet, a long-range aim should be prevention and present knowledge is insufficient. 
However, prevention can not be the sole solution. Evidence is accumulating that there 
is also a genetic predisposition for cardiovascular disease. 

Cancers 
In developed countries, cancer is responsible for some 25% of all deaths and is thus the 
second most common cause of death. In developing countries where life expectancy is 
shorter, cancer causes 5-10% of all deaths. It has been calculated that cancer incidence 
at present increases by about 5% per year. It should be borne in mind that about 65% 



of all cancers occur in the age groups above 65 years of age and that the average age of 
the population increases gradually. Survival patterns and prognosis for several common 
cancers have improved over the years and five-year survival for many common cancers 
is now at least 50%. The best results by far have been achieved in cancers of the 
childhood. Several cancers of older children and young adults are also treated with 
good results. It is in children and young adults that treatment with chemotherapeutics 
in various combinations has shown the best results 一 for instance, most children with 
acute leukemia are cured today. In older patients, the results of chemotherapy and other 
new treatment modalities are less convincing and it should be kept in mind that about 
98% of the total number of patients dying from cancer are alx>ve 30 years of age. 
However, it should be pointed out that the many new treatment methods being 
introduced are in a stage of testing. Thus, it is too early to draw more definite 
conclusions concerning the extent to which these methods will improve the present 
situation with reespect to cancer mortality. 

In recent years, methods for early detection have been developed and clear effects in 
terms of decreased morbidity and mortality have been demonstrated. Prevention plays 
a significant role in cancer. Elimination of tobacco smoking would be a very important 
step to decrease incidence of cancer. Further, correlations between composition of diet 
and incidence of cancer have been demonstrated, e.g. in colon cancer. However, much 
more needs to be known about relationships between diet and cancer. 

Considerable resources have been spent on cancer research in the last decades. Very 
valuable information has been gathered, basic to our knowledge about cell function, 
but some major breakthroughs are of recent date. Again, recombinant DNA technol-
ogy and monoclonal antibodies have been instrumental. Through these techniques it 
has been and will be possible to learn about regulation of cellular growth under normal 
and pathological conditions. The time perspective here is long-range and it is therefore 
unwise to speculate further on practical applications of accumulating knowledge on, 
for instance, oncogenes. 

However, with respect to the use of monoclonal antibodies, one can see already today 
the potential value in diagnosis and treatment of cancers. An increased use of 
monoclonal antibodies can be visualized for diagnosis of cancers. Further, monoclonal 
antibodies or monoclonal antibodies made toxic by arming them with radioactive or 
toxic compounds will find use in treatment of cancers. Monoclonal antibodies are 
already successfully employed in therapy connected with bone marrow transplantation 
and of lymphomas. The future developments will depend on production of human 
instead of murine monoclonal antibodies. There is no reason not to count on the 
probability that procedures for production of human monoclonal antibodies will be 
available in the near future. 

Psychiatric and neurological diseases 
The progress made in the area of neurobiology promises great hope for better means of 
treating psychiatric and neurological diseases. The meticulous and painstaking work 
on clarifying neurotransmission has already provided important tools for treatment of 
disease. A classical example by now is Parkinson's disease which is characterized by 
deficient production of dopamine. Administration of dopa - a precursor of dopamine 
一 to these patients is a standard procedure today. In addition, there are prospects that 
cases of Parkinson's disease may be treated in the future by transplantation of nervous 
tissue. 



Many psychiatric diseases are associated with disturbances in neurotransmitter produc-
tion or metabolism. Recent examples are depressive diseases, which can be associated 
with decreased serotonin production, and Alzheimer disease, which is associated with 
deficient acetylcholine production. There is likely also a role of hormones in neuro-
transmitter production and metabolism. As an example of this might be mentioned 
studies on the correlation between corticotropin-releasing hormone and depression. 
Depressed patients have been found to have abnormally high levels of this hormone 
in their cerebrospinal fluid. Animal experiments indicate that excess corticotropin^ 
releasing hormone leads to changes in behaviour that resemble those in depression. 

Basic research findings that have therapeutical implications are those concerned with 
growth and repair of the nervous system. In recent years, a number of growth factors 
have been identified. Further, factors such as gangliosides have been shown also to play 
a role in nerve growth and repair. The application of this knowledge to treatment of 
neurodegenerative diseases and injury is to be foreseen within the coming ten years. 

Knowledge of the biochemical alterations in psychiatric and neurological diseases 
provide tools for substitution therapy and drug design. In fact, it is to be assumed that 
as knowledge about the mechanisms of function of the nervous system increases, 
instruments are provided for design of more and more efficient drugs. 

Another aspect of ongoing research on psychiatric diseases deals with the possible 
genetic background. As mentioned in the introduction, recent work on Alzheimer 
disease has indicated that there may be a genetic defect. If so, diagnostic tools may be 
developed to allow early diagnosis of Alzheimer disease. The importance of early 
diagnosis for treatment is indicated by findings concerning the interplay between 
acetylcholine and the neuropeptide galanin. Alzheimer disease is associated with 
decreased acetylcholine production and galanin inhibits acetylcholine production. 
Thus, a vicious circle can be anticipated when acetylcholine production goes down and 
the neurons attempt to increase it 一 galanin will inhibit this increase. If an inhibitor 
of galanin were to be found, perhaps a mode of treatment would be found that could 
be used in connection with administration of drugs that increase acetylcholine levels. 

Alcohol and drug abuse is a severe health problem in many countries. A prevailing 
attitude has been that the background for abuse is primarily to be found in social and 
psychological factors. Recent research into the development of alcohol addiction 
indicates that there may be predisposing genetic factors. Animal models have been 
devised in which alcohol tolerance and dependence can be studied. On the basis of 
results with these models, clinical studies of alcoholics have been initiated. It turns out 
that some 25% of male alcoholics can be classified as suffering from male4imited (type 
2) alcoholism. Type 2 alcoholism is characterized by genetic transmission from father 
to son, early onset of abuse, and antisocial behaviour. Some of the type 2 alcoholics 
have been found to have deficient production of the neurotransmitter serotonin. This 
finding opens up a treatment modality involving administration of drugs that increase 
serotonin levels. Continued research into biochemical aspects of alcohol and drug 
abuse may well provide information that can be very useful in treatment. 

Inherited diseases 
Some 4 000 genetic disorders are known today. The protein abnormality has been 
defined in about 10% of these diseases. Thanks to the rapid development of molecular 
genetics it is becoming increasingly possible to localize the genes responsible for 
disease. Even if the defective gene product is not known it is possible to localize the 



gene. In recent years, the genes responsible for several genetic diseases have been 
identified, e.g. hemoglobinopathies, some hemolytic anemias, hemophilia, Hunting' 
ton's disease, some muscular dystrophies. Albeit most genetic disorders are rare diseases 
they must be considered very important, not least to the families afflicted. The 
development of molecular genetics will not only provide information on defective 
genes and how to diagnose their presence but will also give us tools that can be used 
in treatment. At present, it is possible to diagnose some hundred genetic disorders by 
chorionic villus sampling at eight to ten weeks of pregnancy or by amniocentesis and 
cell analysis at 16-18 weeks of pregnancy. An increasing number of foetal malforma-
tions can also be diagnosed by ultrasound examination. As time passes, many more will 
be added to the list of disorders than can be diagnosed prenatally. The diagnostic 
methods will be improved. For instance, it can be foreseen that foetal cells can be 
isolated for analysis from the mother^ blood. The utilization of information from 
prenatal diagnosis involves difficult ethical considerations, just as do questions about 
the extent of application of general prenatal screening. The difficulties may be 
demonstrated by the case of Huntington's disease. This disease becomes apparent only 
after the age of 35 years. It is characterised by neurological disorders, intellectual 
impairment and premature death. Yet, it can be diagnosed prenatally. Should the 
consequence of this information be abortion or not? If the child is born, should the 
information be withheld? Many raise today questions about gene therapy. In one way, 
the ethical considerations seem less difficult than in the aforementioned case. Gene 
therapy involving somatic cells can be seen as early treatment instead of treatment of 
a fundamentally incurable disease once the symptoms manifest themselves. 

Endocrinology and endocrine diseases 
In a global perspective the most important issue under this heading is not a disease but 
concerns human reproduction. Undoubtedly, biomedical research will provide new 
methods for contraception, different from those presently employed and therefore 
probably more acceptable. Such developments are needed in view of the increasing 
problems with intrauterine devices and presently available oral contraceptives. Work 

and to find contraceptives for males. In this connection, the “abortion” pill, developed 
by the pharmaceutical firm Roussell in France, should be mentioned. This pill is now 
being tested clinically. With respect to contraceptives for males, the recent discovery 
of the protein inhibin is worth mentioning. This protein blocks development of sperm 
and egg cells. Inhibin has now been prepared by recombinant DNA techniques and it 
is possible that it can be used as a male contraceptive. When discussing contraception 
it should be emphasised that research in biobehavioural and social sciences is 
important in devising appropriate means for control of population growth. 

Quantitatively, the most important endocrine disease is diabetes mellitus. Intense 
research is going on, particularly concerning type I diabetes. It can be assumed that 
within the next few years sufficient knowledge has accumulated concerning the 
autoimmune reactions behind elimination of b'cells from islets to allow design of 
completely new methods for treatment. 

Basic research on mechanisms of hormone action including studies of hormone 
receptors may lead to production of more suitable and specific drugs to be used in 
various endocrine diseases. In this connection, it should be mentioned that present and 
future research using transgenic animals will be important for a deeper understanding 
of hormone action. 



Allergies and autoimmune diseases 
The discovery of a new type of arachidonic acid metabolites, the leukotrienes, and their 
involvement in allergic reactions holds great promise for new means of treating allergic 
diseases. 

With respect to autoimmune diseases one can foresee developments of the type 
described above for diabetes mellitus type I. Treatment may not only involve monoclo-
nal antibodies but also compounds that modulate the activity of the immune system. 
Such developments may be a fruit of increasing knowledge about the regulation of the 
immune system. Drugs of this type may also be useful in treatment of allergies. 

Concluding remarks 
In the foregoing, some examples have been given of possible or probable improvements 
in health and health care as a result of ongoing and future biomedical research. The 
foreseeable improvements involve diagnostic, therapeutic as well as prophylactic 
procedures. Not least with respect to prevention, it can be expected that ongoing and 
future research will be fruitful. Reference has been made in the foregoing to the 
relationships between life styles and health and disease. Reduction of smoking, 
decreased alcohol consumption, elimination of drug abuse, and dietary changes will 
improve health. Overweight and lack of physical exercise are also factors that should 
be considered in efforts to improve life styles. Whereas it is self evident that elimination 
of smoking and decreased or eliminated alcohol consumption will have beneficial 
effects, it is primarily in recent years that the importance of diet has become apparent. 
The correlation between high fat intake and increased risk of cardiovascular disease, 
especially coronary infarction, has been known for quite some time and has been 
emphasized by recent studies. Relationships between high fat intake and cancer have 
been documented in recent years. However, there is no question that much more 
research is needed before more extensive dietary recommendations can be made. Very 
recently, techniques have been developed that permit studies of diet and health in large 
populations. Thus, a foundation has been laid for future work in this area. 

Improvements in health and health care will, however, not depend only on biomedical 
research but also on research in many other disciplines, not least biobehavioural and 
social sciences. 

Finally, a word of caution is warranted. If some of the advances in biomedical research 
were to be applied in health care on a large scale, it has to be admitted that it would 
be rather costly. Thus, widespread use of ever more advanced diagnostic procedures, of 
applications of molecular biology like gene therapy, of cancer treatment with highly 
sophisticated radiation equipment and with drugs linked to monoclonal antibodies, of 
large scale drug treatment of hypertension and high cholesterol levels would lead to a 
considerable increase in health care costs. On the other hand, if the onset of diseases 
like Alzheimer and cardiovascular disease can be prevented or postponed, there are also 
large gains. Again, the required knowledge comes not least from biomedical research 
and adequate prevention strategies must be based on such research, not least at the 
molecular level. 



Annex II 

PHYSICAL SCIENCES AND TECHNOLOGY 

Advances are occurring rapidly not only in the biological sciences but in the technolo-
gies and physical sciences; certain of these undoubtedly have the potential to facilitate 
advances in health care: directly or indirectly. The present paper explains some of the 
possibilities. Examples are presented to illustrate products or processes ‘from the 
laboratory bench’ or from industrial technology that are actually or potentially useful 
for the enhancement ofhealth care or its delivery. Other examples mentioned are from 
the category of ‘enabling’ technologies, which will become equally important -
especially in planning the delivery ofhealth care services, and in helping to solve the 
problems of resource allocation. 

Products and processes from physical science and technology 
Diagnostic techniques 

Thr ее major kinds of development have dominated the advance of diagnostic proce' 
dures: the wide range of simple commercially produced disposable kits which allow 
diagnostic testing of body fluids to be carried out in the field, or at least without the need 
for full-scale clinical laboratory facilities; the rapid developments in electronic diag-
nostic equipment for individual use and for laboratory automation, facilitated by vlsi 

biosensors; and the emergence of technology that makes imaging and visualisation a 
widespread reality. 

Disposable ‘self test, kits are already familiar for approximate estimation of blood 
glucose level, for pregnancy testing and testing of urine. Many more such analytical 
‘probes, are, and are likely to become available. However, wherever precision rather 
than a mere detection of the presence, or a broad indication of concentration, of the 
material being assayed is needed, biosensor technology will become important. 
Biosensors represent the result of combining two technologies: microelectronics, and 
biological ‘recognition，based on enzymes, acting as biochemical catalysts. A biosensor 
is an analytical device that ‘recognises’, and measures the concentration of, a chemical 
of interest, and converts the measurement into electrical form with the aid of a closely-
coupled electro-chemical transducer or perhaps, an optical transducer. A simple form 
of typical blood glucose biosensor might use a chemically-sensitive field-effect transis-
tor (ChemFET) which has the so-called ‘gate’ region of a conventional FET coated 
with an immobilised layer of glucose oxidase, an enzyme which catalyses the produo 
tion of protons by glucose, thus influencing the transistor current flow, but other 
transducer principles have been used. Other detection techniques depend on antibody 
binding reactions rather than enzyme catalysis, and these offer the poosibility of 
assaying drugs and hormones. 

In principle, biosensors are capable of detection and assay of both small molecules and 
macromolecules (such as proteins), and provided that the biochemical reaction is 
chosen so as to demonstrate the necessary specificity and sensitivity, successful 
biosensor probes could bring sophisticated analytical techniques to field use by 
relatively unskilled staff or by the public at large. Biosensors are currently being 
developed for monitoring water or air pollution, for monitoring bio-processing in the 



food industry, for quality evaluation of food products kept in storage and for veterinary 
purposes. îriviustrial interest is reflected by these applications; this should ensure rapid 
development of the technology, which could have a marked effect on primary health 
care, medical practice and clinical care of individual patients because these robust, 
portable and battery operated devices will become relatively cheap and should be very 
easy to use. These developments depend upon the interfacing of biological materials 
with electronic circuits; other such interfacing possibilities should emerge in the near 
future which will allow a new range of ‘intelligent’ implanted therapeutic devices to be 
devised. 

Electronic diagnostic equipment has developed rapidly, particularly since the advent 
of microchip technology has made it possible for a microcomputer to be included 
within the individual instrument, or attached to it as a personal computer. Processing 
of measurements and biomedical signals obtained from patients has made it possible to 
obtain a much more reliable informative result from specific determinations or tests 
and to introduce an element of automatic interpretation where this is usable. The latest 
advances in diagnostic procedures as diverse as, amongst many others, electro and 
magneto-cardiography (ecg or mecg), electro- and magneto-encephalography, foetal 
monitoring, vestibular testing, audiometry, ambulatory monitoring, ophthalmography 
and the (ultrasonic) investigation of regional blood flow all depend upon quite 
sophisticated processing that is quite ‘transparent’ to the user but much more informa-
tive, reliable and easier to carry out - and more cost effective - than even a few years 
ago. Many of such tests are of the nature of a stimulus-response test in which the 
stimulus that evokes the response may be exercise (in the case of the ecg, mecg or blood 
pressure), a repetitive or on-going sensory stimulus (in the case of auditory, vestibular, 
ocular or neurological function testing), or the normal disturbances met in everyday 
life (in the ambulatory monitoring of blood pressure or heart rate). Considerable 
analysis may be required, often in special purpose computers or sometimes PCs, to 
overcome the considerable interference due to statistical variability. However, many 
such tests give valuable early indications of existing abnormalities (for instance, in 
children) or developing pathology (such as ischaemic heart disease, or the His-bundle 
aberrations often characteristic of Chagas’ disease). Useful developments are produc-
ing relatively simple and cheap testing instruments for certain of these purposes, and 
more are needed to allow economical population screening for the major diseases. It is 
worth remembering that with the advent of microchip vlsi technology, complex 
processing is neither difficult nor need be expensive; it can be effective provided that 
the basic physiological and physical principles of the measurement have been fully 
worked out. 

Very often the most illuminating aspect, to the user, is the display of results; for example 
the presentation of electrocardiograms or electroencephalograms as ‘surface maps’ of 
instantaneous electrical activity on the chest or on the scalp. These two dimensional 
displays, updated as a series of ‘snapshots, in ‘real time，at a hundred times per second 
or more, can portray aberrations very clearly in a way that is frequently much easier to 
describe and understand than in earlier measurements. Physicians, like all others, can 
interpret pictures 一 images 一 more readily than streams of numbers, or tables or even 
charts. 

Such innovations are on the periphery of another major development - in visualisation 
generally 一 brought to its most elaborate form in the imaging technology of ultrasonic 
imaging, computer aided tomography (CAT), magnetic resonance imaging (MRI) and 
positron emission tomography (PET). These developments have grown out of basic 
research in physics, mathematics and electrical engineering and to some extent also 



depend upon advances in signal processing, particularly in ultrasonic imaging, but also 
in image enhancement. Much interest focussed on digital radiography when it was first 
demonstrated, especially using subtraction techniques to extract the difference be-
tween say, two cardiac ventricular images, with and without the presence of liquid 
contrast medium) for visualisation of the cardiac chambers at different phases of the 
cardiac cycle, but satisfactory visualisation of coronary blood vessels using this invasive 
technique has proved much more difficult because of beat-to-beat differences in 
cardiac mechanics. Improved image enhancement of single images may still just prove 
adequate but other methods such as ultrasonic visualisation might be more satisfactory. 

However, much effort is now being directed to extracting information about function 
as well as state, in order to better evaluate planned treatments. Information about 
dynamic processes with time varying states cannot easily be extracted from MRI 
techniques because of the inherently poor signal'to-noise ratio of the signals being 
obtained. MRI is best suited to measurements which allow data to be collected over 
relatively long periods during which conditions must remain constant. It does allow 
examination of a range of tissues with very high resolution; in principle it will also allow 
study of metabolic processes by imaging specific molecular species. Nevertheless, the 
equipment is expensive to buy and maintain and it is difficult to see much early 
reduction in cost. On the other hand, periods of hospitalisation for diagnostic study can 
be kept short, ancillary staff requirements may be reduced and side effects from the 
procedure are effectively non-existent. 

Ultrasonic imaging can be achieved by echo reflection or by Doppler effect. The former 
allows conventional visualisation (without achieving the resolution of CAT); the 
latter can be used to measure flow, especially blood flow, and tissue movement. 
Ultrasonic methods are well suited to studying flow in the heart and great vessels, and 
in the cerebral circulation. They are used successfully in investigations of foetal and 
infantile cardiac and respiratory function, for observing valvular performance and for 
checking cardiovascular functionality after surgery. The equipment is relatively 
inexpensive and the examinations are non-invasive. While special techniques, for 
instance colour display of flow mapping 一 which helps the visual interpretation, and 
pulsed Doppler - which measures both range and velocity thus allowing velocity 
profiles to be examined, are adding complexity, the basic principles of the ultrasonic 
probe are well understood and the signal processing is straightforward if demanding in 
terms of increasing volume of data and real-time speed. Ultrasonic methods, while 
serving somewhat different purposes, may therefore be initially preferred to MRI for 
economic reasons. 

Optical fibre visualisation is a technique that adapts well to catheter applications and 
is almost uniquely used now in endoscopy. This clinical technique is highly effective 
in many applications, but the technique of manipulating a fibre'optic endoscope, 
especially in intestinal investigations, is difficult; computer simulators have now been 
devised to simplify the learning process and reduce the risk of harming patients or 
fracturing costly endoscopes. 

An immediate application of imaging technology is the automatic recognition of 
micro-organisms and cellular structures. Optical imaging, or image capture into 
computer memory, is followed by pattern recognition and this is the point where, in 
manual techniques, a degree of skill and training is necessary. Techniques are becoming 
available that will allow a computer to exhibit ‘learning，； it ‘learns’ the pattern to be 
sought, following which the software can be left to identify other examples of the 
pattern. So-called ‘neural computing，technology offers precisely this capability, in 



which performance is based on learned experience. The special ‘neural’ network, 
usually implemented by computer, is ‘taught’ to identify examples of the pattern to be 
recognised, and stores this ‘knowledge’; it will recognise other examples while allowing 
for imperfections in the actual cases then presented to it. 

It is also evident that visualisation is attractive to those engaged on the interpretation 
of data and in other ways attempting to monitor and understand the development of 
pathological conditions. It is not necessary that the information concerned represents 
a ‘real picture, in itself; complex data can be displayed in image form. The topic of 
human'computer interaction is the focus of much current research in computer 
science, perceptual psychology and ergonomics, having the aim of optimising the 
interface 一 in particular, the presentation of information to professionals. Some work 
of this type concerns the biomedical field and it seems possible, for example, that the 
interpretation of public health information could benefit from optimised displays that 
make good use of the available range of computer display software technology. 

Therapeutk devkes 

t would be possible to write extensively about the many devices and pieces of 
equipment that have been developed for individual patient care or treatment : such as 
cardiac pacemakers (with a growing range of operating and safety features) and other 
stimulators for muscle control, pain relief, and the restoration of function, defibrilla-
tors, equipment for surgery and for nuclear medicine, prosthetic devices like hearing 
aids (now benefitting greatly from ready adaptation for the individual patient and from 
size reduction by the use of VLSI technology) and similar device technology. Indeed, 
the physical size reductions of electronic devices being made possible by the use of very 
large scale integrated circuit technology (vki) is contributing to a rapid advance in 
complex and useful implanted or portable devices for patient care, and indeed 
indirectly to the control of equipment for surgical and microsurgical purposes. Robotic 
engineering, concerned with the control of machine tools carrying out different 
operations while being guided through predetermined and very precise trajectories, is 
clearly of interest in microsurgery, especially as robot vision capability to assist 
guidance becomes an effective reality. 

It will be recognised that the development and design of such devices requires expert 
knowledge of basic science and technology and some understanding of physiology, 
biochemistry and sometimes the pathology of specific disabilities or disease conditions. 
The existence of such expertise, whether in one individual or in a team, must be 
regarded as relatively unusual and not commonly available, especially in developing 
countries. On the other hand, those countries might well feel that they should not be 
excluded from such developments. 

The motivation for such developments, at least in the industrialised countries, is partly 
the availability of the technology, partly the incidence and the apparent severity to the 
patient of the problem being ameliorated by the device, and partly the economic 
potential of the solution. In developing countries the pattern of disease and disability 
is naturally very different as must be the motivation to device development. Neverthe-
less, it may be in the interests of a developing country to monitor such advances in order 
to detect those that might be transposed to their own range of requirements. 

Where, however, complete systems that influence or control body function are 
involved, a much deeper knowledge of the biomedical system is needed. Illustrating the 
many developments along these lines are systems for controlled drug-release in the 



ambulatory patient. The most important so far are those developed for insulin infusion 
in diabetes, either on the basis of a regular timed infusion-pattern with manual over-
ride or, using a glucose sensor, for closed-loop control (the infbsion-pump may be partly 
or wholly implanted). There are many closed'loop systems now in hospital use, 
particularly in cardiology and neurology (mainly in the intensive care of the post' 
operative patient). 

The principles and concepts underlying the use of such systems can be clearly laid out 
but while positive benefit to the patient sometimes remains to be confirmed, it is often 
true that their use has reduced the demand for special skills in the care of individual 
patients. In industrialised countries, the consequently favourable impact on costs has 
been a significant motivating factor; in a developing country, the insufficiency of 
trained staff may be a more potent motivator, because the technical costs may not be 
great. However, the developments are going on; it is for an individual country to decide 
if and how these should be transformed to meet their own needs. 

^ laser technology 

The laser dates from 1960. But in a short lifetime so far, it has made a great impact in 
many fields, including biomedicine. Its range of diverse applications warrants special 
consideration of how a scientific invention led to a potent technology. 

A laser is a device producing a narrow beam of coherent, monochromatic light whose 
wavelength can be in the vacuum ultraviolet, the visible or the infrared region of the 
electromagnetic spectrum. When the first laser w,as demonstrated, its potential was 
quickly recognised by ophthalmologists who had already been using xenon-arc 
photocoagulators to deliver high intensity spots of light to the retina of the human eye 
for therapeutic purposes. Many varieties of laser have been developed but perhaps only 
a dozen or so have become routinely established for biomedical applications. (TTie low 
power laser diode is widely used in optical communications and so constitutes an 
important element in information technology.) 

The most widespread applications of lasers in the health area are in biomedical 
measurement, opthalmology, surgery and medicine (including clinical measurement). 
There are also, of course, major uses in industry for both low power and very high power 
lasers but, in the health area, in which measurement and therapeutic applications are 
concerned, power levels ranging from a few milliwatts (for instrumentation and beam-
alignment purposes) to 100 watts or so (used in surgery) are most common. 

Typical of uses in measurement and analysis is laser flow cytometry, in which it is 
feasible to study the movements of (blood) cells and indeed to sort (and separate) cells 
by size. This technique has proved to be valuable in basic research in haemodynamics, 
on which interest has focussed in recent years in respect of the formation of athero-
sclerosis. There are also more general reasons for further studies of arterial fluid 
dynamics that relate to the early detection, consequences of and prognosis due to 
mechanical interference with blood flow due to lesions or parasitic organisms occurring 
within blood vessels. Hence the facility for measurement of detailed particle (and so, 
fluid) dynamics provided by the combination of laser cytometry and ultrasonic doppler 
velocity emasurement opens up further opportunities for investigations in arterial and 
valvular disease of various origins, and for the acquisition of reliable information about 
the epidemiology of disorders that influence arterial pathology. Indeed, detailed 
rheological studies are relevant to the development of the new forms of artificial blood 
mentioned above. These are non^haemoglobin-based materials which, by suitable 



surface treatments, can be formed into suspensions of particles (perhaps a tenth in size 
of the typical red blood cell) with the capacity for conveying physiologically-reason-
able amounts ofblood gases. They are particularly interesting because of their potential 
cheapness, simplicity of use and safety. 

Microcirculation of the skin, retinal blood flow in single arteries, and laboratory flow 
studies are all accessible through the doppler principle, depending on the analysis of 
spectral shifts in light occasioned by reflection from moving blood cells. The technique 
is wholly nori'invasive. Skin blood flow measurements are significant in diabetes, 
peripheral vascular disease, skin grafting, and in the determination of levels of limb 
amputation (identifying regions where blood flow is likely to be too low to support 
healing after surgery). Amongst other uses of laser-based measurement technology, 
neonatal oxygen monitoring is possible with near-infrared spectroscopy and indeed 
laser Doppler electrophoresis, laser microscopy, and light-scattering laser spectroscopy 
are generally becoming useful, reliable techniques. 

Specific application areas exist particularly in ophthalmology. Laser treatment of the 
eye depends upon the selection of a suitable wavelength to optimise absorption in the 
target tissue, good transmission by the optical media traversed by the radiation; and 
minimising the damage to adjacent healthy tissue. Interaction of laser radiation with 
the eye may be employed to seal or obliterate blood vessels, ablation of areas of hypoxic 
retina, production of lesions intended to join layers of the retina and choroid to prevent 
detachment, and the production of holes as drainage channels-for instance, in the iris. 
Proper choice of laser can be made on the basis of individual requirements. 

Mechanical faults in the retina have been laser treated and a promising application is 
the use of the carbon dioxide laser for photodynamic treatment of intraocular tumours. 
Various procedures are being tried, with fair success, for reducing intra-ocular tension 
in glaucoma and other conditions. 

In surgery, the major application areas are in endoscopy for gastroenterology and chest 
medicine, in gynaecology, dermatology, otolaryngology and neurosurgery. In some 
circumstances flexible fibre optic endoscopes must be used, which imposes some 
constraints on the choice of laser and delivery system. However, technical improve-
ments are progressively limiting these constraints. Broadly speaking, the factors that 
determine if the laser is useful and if so, when, are aspects of the various interactions 
of laser radiation with tissue 一 especially, depth of penetration and haemostatic 
properties. Recently, the possibility has emerged that the laser will be useful for 
removing obstructions in coronary and other blood vessels. 

In explicitly medical areas, typical applications have been found in clinical measure-
ment of blood flow (laser doppler) and neonatal oxygenation monitoring, whilst in 
therapy, photodynamic treatment of malignant disease is becoming more popular as 
evidence of its effectiveness grows. 

Laser photodynamic therapy is potentially suitable for localised malignancy, particu' 
larly with the aid of photosensitising agents which are selectively retained by malig' 
nant tissue. Soft laser treatment, or “Biostimulation”，is popular even though its basis 
is perhaps still uncertain. Formally, it is the use of radiation at irradiance levels below 
the threshold for thermal effects in tissue and at wavelengths longer than those 
ultraviolet wavelenghts usually associated with photo-biochemical reactions. Al-
though it has been widely used for treatment of pain, alleviation of inflammation, to 
promote wound healing, and to combat muscular disorders, there is a suggestion that 
a placebo effect may be operative. 



Laser diodes are certain to become increasingly important. Manufacturers are attempt-
ing to increase power levels, to produce outputs at shorter wavelengths and to reduce 
prices. If they are successful, the use of laser technology in developing countries should 
be greatly facilitated. In some disciplines, multiple lasers will be used simultaneously 
for optimum performance. Conversely, in certain circumstances, it may be feasible to 
install a single laser installation in a hospital, optical fibres being used to transmit the 
laser energy to several operating locations in the same building. 

Enabling technologies 
t must not be overlooked that there may be technologies offering indirect potential 

benefit 一 through the establishment or improvement of industries, industrial practices 
and infrastructures as a result of which health care needs can be better met or better 
resourced. Something equivalent is true for basic biomedical science as well. The new 
discipline of protein engineering, for instance, is being used both for basic studies on 
the structure and activity of proteins and also for the design and synthesis of novel 
enzymes, enzyme inhibitors, vaccines and drugs. It is significant that some aspects of 
protein engineering need some of the latest developments in computer technology and 
computer graphics 一 for instance, to help the design of drugs and other such agents 
when they require complementarity of shape to that of some specific macromolecular 
structure. This illustrates the importance of enabling technologies: technologies that, 
building on developments in basic science, make it possible directly or indirectly to 
accomplish substantial advances in biomedical science and medical practice and also 
in health technology. 

Four examples are mentioned: New Materials; Waste Water Treatment and Environ-
mental Control; Management Science and Decision-Support Technology; Informa-
tion Engineering. New materials are offering many opportunities for cheaper better or 
new biomedical devices, equipment and facilities, products for the disabled, and for 
economical maintenance of a country's physical infrastructure. New advances in waste 
water disposal and environmental control are important to public health engineering. 
Furthermore, in an indirect but possibly important contribution, developments in 
management science and decision support technology may not only enhance the 
efficiency of industries- so perhaps making it practicable to manufacture and maintain 
additional types of health care equipment within the country 一 but allow industrial 
plants manufacturing other products of direct health importance, like pharmaceutic 
cals, to be established. There is also an explicit place for decision support technology 
to assist planning in the health sector generally. Finally, brief mention is made of 
developments in information engineering (see also a specific paper on Information 
Technology). 

Materials 

Modern technology makes use of a vast range of materials, and the pressures 
for enhanced performance and reduced cost in many areas of technology has led 
to a continuing need for new materials and substitutes, materials for new applications, 
and improvements to traditional materials. A few examples will illustrate recent 
developments. 

In the case ofbiomaterials： new and improved materials have been produced for use in 
replacing body fluids. One of the more interesting developments is, for instance, 
'artificial blood，，designed to exhibit oxygen and carbon dioxide transport properties 



that are appropriate to its use as a replacement for blood solely, of course, in respect of 
its volumetric and gas transport properties). Plastic (polydimethylsiloxane) has been 
used as a replacement material for soft tissue reconstruction, and substitutes for 
structural components (like blood vessels, valve rings) have been produced, and new 
materials (some with biologically-active surfaces that will bind to form tissue sub-
strates) for wound filling and covering are also becoming available. For prosthetic/ 
orthotic purposes, composite or new ceramic materials have been produced having 
potential in strong, light-weight easily fabricated structures, inert implantable devices 
and components, and articles for use by the disabled. 

Digressing briefly about an unlikely new material, a remarkable new form of concrete, 
a socalled: macro'defect free concrete: has been devised which, of course, does not 
melt or burn. It can be used in the construction industry, and for individual products, 
for reasons of cheapness, low density, ease of moulding to produce surprisingly complex 
fine'detail structures, with excellent corrosion resistance and improved tensile strength; 
it is also attractive because of its ability advantageously to replace metals and plastics 
in various products that are expensive when produced conventionally. In fibre-
reinforced form, it is usable as replacement building material instead of asbestos-filled 
cement (which is now regarded unfavourably because of its hazard to health during 
manufacture and processing). Its low permeability and the possibility of producing it 

filter beds and water filtration devices. But, together with carbon-fibre reinforced 
resins, it is also being explored for use in place of certain metal implants in orthopaedic 
surgery because its lower elastic modulus more closely matches that of bone than the 
metallic alloys that have been traditionally used. 

Another class of new-technology materials are the metallic glasses (non^crystalline 
metallic alloys). These have properties which make them economically interesting. 
Their magnetic properties, for instance, make them usable, for instance, in electrical 
power transformer cores with great improvements in size and efficiency, with applica-
tions (on the small scale) to electronic equipment, e.g., biomedical instruments and 
(on the large scale) A C power distribution and perhaps in magnets for NMR imaging 
machines. Some have properties that make them desirable reinforcing fibres in 
composite materials. 

The range of plastics is phenomenal and many uses in hospitals, in equipment for the 
disabled and in the public health field have been identified. A typical application 
would be their use for fabricating pipeliners for defective waterpipes. When an ageing 
and defective water/sewage system suffers from intermittent failure of the supply, back-
siphonage with consequent pollution may occur if, as often happens, the two services 
have been laid closely in a single underground trench. Simple and economical repair 
could be based on the use of plastic pipeliners. Plastic'coated fabrics have proved 
particularly suitable for making inflatable structures such as ‘air'houses’ ； these could 
be used whenever rapidly-assembled, temporary accommodation is needed - for 
instance, in coping with natural disasters. 

It is useful, in considering new materials, to remember that the special properties for 
which they have been developed may offer applications that are very different from 
those that occasioned their development. Ceramics and composite materials illustrate 
this point. New-technology ceramics have remarkable properties of hardness, corro' 
sion and wear resistance that are known to be valuable for some specialised purposes 
(even their high一temperature performance allows use within internal combustion 
engines); but composite ceramic materials, for example, are showing considerable 



promise in a quite different area of use : as solid-state electrolytes in lightweight 
secondary batteries, using cheaper materials than a conventional lead-acid battery yet 
producing energy/weight improvements in the order of 7 times. This application may 
turn out to be effective in, for instance, powering small refrigerators used for the 
transport of vaccines in the field, an application for which solar cells should be ideal, 
but have not yet proved so. 

Other plastic composites, for instance, carbon fibre reinforced materials, may turn out 
to be sufficiently light, strong and cheap to be preferred for fabricating external 
prostheses. Lower limb orthoses using plastics can be designed with quite different and 
vastly improved geometries from those necessary with traditional materials such as 
steel; interesting innovations are also possible, such as in the use of a carbon fibre 
reinforced composite in the design of a well-ventilated socket system. And the 
availability of such materials, and other useful plastics like polyurethane and polypro-
pylene may make it possible to set up a substantial industry to produce support-devices, 
prostheses and orthoses for the disabled. 

However, this requires that the various specification features for individual products 
are clear, that the principles of translating specification features into design are 
understood, and that the best concepts of specifying prostheses, orthoses and other 
support aids are fully grasped by specialists dealing with individual patients. 

Digressing further on this point, much research has been carried out in the developed 
countries on kinesiology, locomotion and gait, as well as ergonomics, all of which are 
important to understanding the problems of the disabled. It should be possible to 
transfer the basic concepts drawn from this work in an uncomplicated manner to 
specialists, technologists and technicians in developing countries. Then these person-
nel should be able to design appliances, subject to existing cost constraints, using 
locally available materials and familiar or easily learned fabrication procedures; when 
these local materials are inadequate, suitable newer materials can be chosen. These will 
quickly become familiar following the transfer of adequate knowledge about their 
manufacture and manipulation. 

Waste water treatment and environmental control 

Interesting developments concerned with the topic of waste'water treatment are 
emerging from research using on-line modelling in the dynamic process control of 
wastewater treatment. The specific target of this work is to assist and optimise 
treatment plant control 一 for costs and for quality of treatment. A similar approach has 
also been utilised to study the influence of wastewater treatment plants on the 
management and control of river basins. The critical element of the approach is the 
availability of a satisfactory mathematical model of the treatment process behaviour; 
the two important steps are therefore to obtain a sufficiently representative structure 
for the model, and to determine the quantitative magnitudes of the model parameters 
and variables. Recent developments are noticably improving the generality of the 
system structure flow from the representation of time-dependency in the model, and 
taking account, in the model of the process, of probabilistic properties. 

A rather different approach is to employ the techniques of Fuzzy Logic and Expert 
Systems in operational water quality management and of environmental engineering 
generally. Perhaps the major obvious application of Fuzzy logic is to incorporate 
imprecision in objectives and the relationships between these objectives of water 
quality management and the parameters of water quality. Very often the key to 



assessment of process plant performance and the exercise of appropriate control in 
practice, is a behavioural understanding rather than an analytical understanding. It 
attempts to harness the operational insights of the experienced plant manager through 
operational control activities that flow from statements such as: "If mixed liquor-
suspended solids level is ‘high,, increase sludge wastage rate by a ‘small, amount". The 
objective of such control statements is, of course, to keep the plant operating in a 
satisfactory mode, not to maintain effluent quality at some precise level; such an 
objective is properly matched to the imprécisions of knowledge about the plant itself 
and its variations, as well as the uncertainties of measurement of the material to be 
treated. 

It seems now to be clear that ‘robust’ rather than ‘precise，control can be achieved 
through this approach, and it opens up the possible role of expert systems in this field. 
The reason for this is that linguistically-expressed control actions, such as that quoted, 
are special examples of the so-called "Rules" that are used in Expert Systems to 
represent knowledge and to lead to deductions (and so, actions). A fully^fledged Expert 
System can be devised as a basis for control of processes such as water purification plants 
in circumstances in which imprécisions ofknowledge are unavoidable but where there 
are clearly important elements of experience on which actions can be based. Some 
successful work along these lines has been reported in other branches of engineering 
but, in environmental engineering generally, several main lines of application are 
emerging. These are: the management of hazardous wasts; water supply and wastewater 
treatment systems interfacing expert systems and mathematical modelling approaches. 

Many of the expert systems being developed for the management of hazardous wastes 
are designed to assist in the siting of long-term storage facilities, since this will usually 
involve the application of legislative and planning rules. Others are concerned with 
rapid diagnosis and problem-solving in crisis situations, such as the rupture of a storage 
facility. 

The expert systems related to water supply and wastewater treatment plants are in part 
intended to assist choices among design alternatives, but are primarily associated with 
the operational aspects of already installed plants. Typically, such an expert system 
would be based on the expert knowledge of the plant operator-manager, and many of 
its functions might be concerned with "fault" diagnosis. In these systems there is also 
an element of personnel training. 

In summary, the motivation for the use of mathematical modelling in understanding 
and helping to control environmental water systems is optimised energy saving, 
efficiency and the utilisation of capacity in water processing plants specifically and 
water systems generally. Because of the role of dynamics and transient behaviour in 
such systems, modleling is clearly the long-term solution. 

On the other hand, the practicalities require understanding that the systems are ‘noisy’， 
that they are subject to statistical variability within the process or in the inputs and 
parameters, and that acceptable control is influenced by a variety of uncertainties. The 
use of fuzzy logic and expert system approaches, thus offers a way ahead that can, 
potentially, draw upon valuable expertise. Furthermore, in a different application of 
the expert system approach, there is potential to make the practical implications of 
research results deriving from, for example, the use of mathematical modelling, more 
accessible to practical designers and managers of water supply and water treatment 
resources. An expert system used in this way is a most valuable tool: it should 
specifically help users to understand the findings of mathematical modelling, and help 
explain how the results are to be used. 



Management sdence and decisbn-support technology 

M a n a g e m e n t issues 

Developing countries often now feel the need to take further steps to enlarge the scale 
and increase the proportion of high value-added quality products of manufacturing 
industry, to meet their own requirements or to support their own economies through 
the export of finished goods and materials; this is likely to be particularly important in 
the context of industrial and agricultural chemicals, biochemicals and pharma-
ceuticals. 

It can be argued that one of the targets of strategic planners aiming to strengthen 
manufacturing industry is competitiveness : vital to achieving the success that will 
allow the industry to survive and grow. There are major technical and economic factors 
to do with the choice, design and marketing of product and indeed the financing of the 
industrial project itself which are crucial overall to the enhancement of an industry's 
competitiveness, but not relevant here. However developments are taking place in 
managerial technology that influence the performance of industrial plant and these 
could certainly have an impact in the kind of industry that is of concern to health 
development planners. These developments take the form of tools and decision-
making aids. 

Three new ‘tools’ are significant. The first is the methodology of combinatorial 
optimisation. Much effort has been devoted to the problem of optimally scheduling and 
routing delivery vehicles, travelling salesmen and airline pilots through networks of 
locations to be serviced. Substantial help can now be given in tackling problems of 
sequencing and scheduling in production plants (crucial to the performance of the 
industry) despite the esoteric character of the methods which, however, can be 
incorporated in reliable, easily used computer algorithms. 

The second new tool is the "knowledge-based" system, a computer programme which 
operates on ‘knowledge, rather than merely data, in offering possible solutions to new 
problems; it is discussed elsewhere. Such systems are now being designed for solving 
managerial problems. They are particularly well suited to situations in which informa-
tion is incomplete and the immediate goals vague rather than precise: situations in 
which only the human expert is effective at present, and that only to perhaps a limited 
degree. They are also convenient, and helpful in principle, where the problem can be 
addressed within the framework of a set of decision "rules" that represent expert wisdom 
on practical relationships, actions and consequences. 

An example concerns the control of energy costs in manufacturing plant. In the future, 
complete production plants will be subject to integrated dynamic control. This iipplies 
the overall control of the sequencing and scheduling of orders as well as the dynamic 
control of technical aspects of the process itself, the scheduling of planned mainte-
nance to minimise the risk of unpredicted breakdowns and, where failure does occur, 
the optimisation of repair operations, all in the light of possible bottlenecks in the 
inflow of raw materials and with a critical concern for the important question of overall 
energy costs. A Knowledge-Based system should be of particular help in offering 
suggestions (and explanations) for appropriate action. 

Another related development concerns the process industries, illustrated by the 
(biochemical manufacturing industry. The manufacture of pharmaceutical products 
commonly requires up to 60 or more separate process steps: reactions; filtrations; 
distillations; transportations; and so on, under various plant conditions. Production 
efficiency dictates that a number of different products may be in preparation simulta-



neously, and the product-mix at any given time is fixed by external requirements, so 
that various steps in the manufacture of the different products must be interleaved on 
a non-repetitive basis that could change on a short time-scale. Different operations 
thus proceed in specific order with different time constraints due to the requirements 
of the various chemical processes, the accessibility of equipment and the availability 
of personnel at given times and plant locations. Because of the complexities of 
scheduling and optimisation in these circumstances, plant managers need the support 
of new and formal methods for solving these problems. It is now becoming clear that 
methods based on a new branch of mathematical logic known as "temporal logic”, 
being developed by computer scientists and theoreticians, will be extremely valuable 
for tackling this highly practical matter. 

Nevertheless, precise and uniquely optimum solutions should not be expected. Even 
if catastrophic failures of raw material and such-like can be avoided, the plant itself, 
even at shopfloor level, is subject to the influence of many factors that often drift 
continuously with the passage of time, changing the plant characteristics which are 
important to the technical procedures of process control. Typical factors which cannot 
always be easily monitored are bottlenecks and their location, waste, breakdown, 
startup time of changeover processes, costs of switchover between processes, quality of 
raw material. However, these key factors may be estimated by analysis of shopfloor data 
-provided that there is a means of interpreting the influence of the changes. 

This is where the final development becomes important: discrete event dynamic 
simulation. This can be used, on-line, portraying and continuously updating its image 
of the production situation providing, for instance with the aid of animated computer 
graphics, a representation of the build'up of queues, the flow of production 一 
illustrating the growth of impending bottlenecks and the dynamic changes of the 
inflow and utilisation of raw materials - and allowing estimates of finish times for the 
process products. Human and machine constraints can be taken into account, and the 
simulation can provide, exceedingly rapidly, answers to a variety of “what-if, questions 
for planners and controllers. Decision-support routines can be included in the simula-
tion to help avoid managerial decisions that call for impossible schedules and 
inappropriate attempts to solve production delays. 

Decision support 

More generally, personnel and other resources for the delivery ofhealth care are always 
inadequate for the needs of the community at large. A problem of provision, allocation 
and management of these resources therefore exists. It has three components: acquiring 
and interpreting information about the country's needs; arranging for the provision of 
the resources required to meet these needs - as far as this can be achieved; allocating 
and managing these resources in an optimal way. 

While the acquisition of useful information is a matter of socio-economic or epidemic 
ological expertise, interpreting the resulting information is an even more specialised 
matter. In circumstances in which decisions involving large investments are taken on 
the basis of properly acquired and interpreted data, the reliability of information and 
the deductions made from them must be, as far as possible, beyond question. For this 
reason, data acquisition includes validating and correcting the data 一 a matter in which 
recent statistical developments have been most useful. Interpretation of large amounts 
of complex data often depends on organising it - globally and selectively - a matter 
which information technology is making much easier and to which computer technol' 
ogy is contributing. Statistical packages with ‘expert system, interfaces make it much 



easier for either experienced or inexperienced investigator to select the right methods 
of analysis for his purposes and apply them efficiently and accurately. 

And because resource provision usually involves channeling limited resources into 
priority projects, different demands compete, and the consequences in other sectors of 
proposed strategies in health development need to be considered. For these reasons, 
computer technology, mathematical statistics and mathematical modelling each have 
a place in contributing to health development and the best possible provision of health 
care. Additionally, recent insights into the way humans make decisions in the face of 
complex sets of data and other information are likely to prove useful in designing the 
best decision-support ‘tools，for health planners. The matter is discussed elsewhere in 
these background papers. 

Information engineering 

The raw material of planning is information, and the central process is decision-
making. This is just as true for planning the provision of health care or planning for 
health development, as in all other fields. Information technology is the application 
of information handling methods that have been developed by information engineer-
ing. Information technology is discussed in another paper, but two interesting devel-
opments in information engineering justify mention here - expert systems and neural 
computing. 

Information, once collected, has to be assembled in an accessible form 一 a data base or 
a knowledge base - amenable to interrogation to allow all manner of complex differing 
combinations of sub - groups of the information to be extracted. Accordingly, computer 
files known as databases are increasingly used by planners, and the facility with which 
various categories of sub-groups of information can be extracted is an important factor 
in using a data base effectively. 

The most interesting developments are now focussed on the "knowledge base" type of 
database. These also provide an opportunity for supporting the decision-making 
process that is the central operation towards which the planner's activities are directed. 
One such support technique (or ‘tool,), having widespread applicability, is the socalled 
‘expert system’，discussed further below, but linked to the construction of ‘knowledge 
bases’ and an example of the use of (AI) ‘artificial intelligence,. 

A knowledge base would include pieces of information. Facts like: Jack is taller than 
Jill; Jill is taller than Jim; are stored as ‘knowledge，rather than simply as a string of 
characters. A deductive retrieval system should be able to ‘deduce, that: Jack is taller 
than Jim: even though this ‘fact, does not appear explicitly in the data base. An 
inferential retrieval system should be able to make such inferences from stored ‘facts’ 
and also provide a check on semantic integrity - the compliance of the data base with 
constraints derived from our knowledge of what is — and what is not 一 allowed in that 
‘field, of knowledge represented in the database. New ‘facts, can be checked for 
integrity in this sense, before being admitted into the database; but because this process, 
in any realistic situation, is complicated, computer scientists are now utilising the 
methods of formal mathematical logic to help develop procedures for semantic 
integrity checking and for deductive retrieval. And with a ‘knowledge base,，an ‘expert 
system，could be developed. 

The AI, expert system approach is based on the representation of the "thinking" 
activities of an expert carrying out some expert task, as an explicit set of "rules" based 



on knowledge and experience, which can be used to solve some new problem on a 
computer. ТЪе computer thus carries out ‘artificially-intelligent, tasks. 

Expert systems 

Formally defined, an expert system is a set of computer programs： one for knowledge 
acquisition; one (a so-called: "inference engine") for establishing the knowledge base 
in the particular form of "rules" or perhaps, “frames�establishing the logical relation-
ships between the elements ofknowledge in the knowledge base and forming new rules 
by appropriate inference; a "consultative" program that can be used to allow a new 
problem to be addressed in the context of knowledge already available in the 
knowledge base; and an "explanatory" program which, on demand, is able to lay out the 
“track” of logical steps taken by the consultative program in making its recommenda' 
tions for solving the new problem. The more subtle the procedures for establishing and 
using the logical relationships between the elements ofknowledge represented by the 
"rules", the more sophisticated the performance of the "expert system，’. Without doubt, 
this approach will constitute a massive development in the computational support of 
skilled human activities, and many expert systems are in professional, medical and 
industrial use already. 

The process of acquiring expert knowledge is an aspect of knowledge engineering, 
which is rapidly becoming a highly specialised skilled activity. It is seen at its most 
important in the generation of so-called "archival" expert systems, which aim to collect 
expert knowledge about some professional or other skilled activity or occupation (such 
as designing large electrical generators, conducting population health surveys, servie-
ing electromedical equipment, diagnosing computing equipment faults) - in some 
cases, capturing rare or disappearing skills or "know-how" - for continuing use. The 
task of the knowledge engineer is to ask the right questions to capture expert 
knowledge, which can range from basic scientific or scientific information to "useful 
rules of thumb,，that have evolved from experience in the field, and "impressions" of 
possibilities or relationships that may have been acquired by experts from repeated 
observations of similar phenomena. 

The knowledge is then stored in a "knowledge base”, either in the form of “data objects" 
(factual information) or as “rules” for action in response to, or for interpretation of, new 
information. Applying the rules of inference to the contents of the resulting knowledge 
base will generate new knowledge, not already explicitly represented or, in some cases, 
not previously recognised. 

An important stage in the construction of an expert system is the formation of the 
problem-solving, consultative program. This is achieved by using an ‘interpreter’ to 
reason with the knowledge in the knowledge base in the context of any new problem 
submitted and then to generate recommended solutions. Finally, the recommenda-
tions of the expert system consultative program often need ‘explanation,: in effect, to 
explain to the user the logical reasoning behind the recommendations by “tracing” the 
logic and, in newer systems, indicating the probabilistic weighting to be attached to 
different inferences and deductions at various steps in the solution, thus ‘explaining, 
its strategy and actions. 

There are many potential applications of expert systems in aspects of health care and 
development. In its broadest sense, expertise should be captured before it is lost; 
considering the experience built up over the years by generations of experts, it seems 
wasteful to require that later workers have to learn the relevant ‘know-how’ afresh, if 



this can be avoided. Equally, it should be possible to construct expert systems to serve 
specific purposes. A typical example is to help the planning of manpower requirements 
for health development purposes - aiming to provide a source of consultative advice 
on job descriptions and numbers of personnel needed in various categories, training 
protocols and level of necessary background education and skill. 

Simpler examples 一 Knowledge Based systems - have been developed to train users in 
the control of skilled manufacturing operations; these systems utilise interactive video 
and a computer knowledge-base which contains a representation of knowledge in the 
relevant domain. The system also contains a "model" of the trainee user (based on 
advanced educational methodology), updated as training proceeds, and employed to 
guide training steps, repetition, test and retest as needed. Systems of this type are 
proving to be efficient, have considerable cost-benefit potential and may be useful, 
where there is a scarcity of skilled trainers, for providing some aspects of the training 
of certain categories of health personnel 

Neural computing 

computing concerns the behaviour of a class of (usually computer-based) 
cellular networks that can compute by (as a result of) absorbing experience. Such 
systems bear a resemblance to the brain in the sense that "knowledge" is acquired 
through training rather through pre-programming, and is retained. The "knowledge" 
takes the form of stable states, or cycles of states, in the operation of the net (of 
intercoupled cells). Neural nets are not pre-programmable; they are “trained,,. A 
central property of such nets is to recall these states or cycles in response to the 
presentation of (sensory) cues. This constitutes “recognition” of a pattern presented to 
the machine and the neural system is able to "recognise" specific patterns even when 
degraded by noise or when only a fragment of the pattern is presented, or again, when 
the pattern is scaled or rotated. 

It now seems that the neural net should be able to perform "intelligent" functions that 
are beyond the capability of conventional rule'based systems and there are classes of 
task for which the neural computer is likely to be vastly quicker than a conventional 
computer in finding a solution： automatic speech recognition, and recognising image 
patterns. Any current neural computer (there are few so far) can tackle image 
recognition tasks readily and speedily, and differentiate patterns after little training. 

A neural computer could thus become a ‘general purpose, image recogniser for 
microbiological identification, whether for diagnostic investigations or epidemiologi-
cal studies. Since the "target" patterns can be easily changed with the aid of a little 
“training”, this development could make a major difference to the efficacy of informa-
tion gathering. 

In other kinds of information-gathering operations (such as collecting data on case 
reports of communicable disease in different regions for the detection of epidemics that 
require some explicit immediate response), the neural system may also become 
important. The task of interpreting large, systematically organised arrays of data should 
be simplified, whilst recognition and interpretation of systematic patterns within the 
data banks assembled by planners may also become possible. (This approach should 
lead to a powerful method of generating hypotheses about potential linkages between 
variables in the data base.) 


