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PART I. GENERAL REVIEW 

1. INTRODUCTION 

Resolution WHA25.481 called for a report to the Twenty -Sixth World Health Assembly 

"on the Organization's research activities concerning epidemiology and communications science, 
and the medium and long -term programme envisaged in that field ". For this report research 

by the Organization in the following fields is considered: 

(1) the extent and distribution of disease; the causative mechanisms important to health 
programme planners; the characteristics of populations and individuals in relation to 

the incidence, prevalence or control of disease; the characteristics of organizations 
concerned with disease control and health planning; 

(2) the use of operational research methods and systems analysis in the development of 
strategies to define health problems and seek solutions to them; including simulation 
experiments and the development and testing of mathematical models of biological and 

operational processes; 

(3) the development and use of new techniques in biostatistics, computer science and 
biomedical engineering to identify and solve health problems. 

Since WHO research activities before 1969 were reported in detail in the two volumes 

on the medical research programme of WHO,2 this report reviews research in epidemiology and 
communications science from 1969 to 1972 and assesses future prospects in this field. 

2. RESEARCH PROGRAMME DEVELOPMENTS FROM 1969 TO 1972 

In the five years from 1964 to 1968 major changes were introduced in the medical research 
programme, with the support of the Advisory Committee on Medical Research. The programme was 
reinforced by bringing more closely together staff from a variety of disciplines, including 
epidemiology, sociology, demography, ecology, geography, biomathematics, statistics, operational 
research and computer science. This multidisciplinary orientation was in direct response to 

resolution WHA18.433 of the Eighteenth World Health Assembly. 

Traditional epidemiological research has mostly focused on the problems and control of 

single diseases. Some of the resulting programmes aim at the protection and/or treatment of 
the same groups of high -risk individuals, so that they often tend to be collectively inefficient 
whether or not each is efficient as a single disease control programme. 

In recognition of this, efforts were made to modify the concepts, methods and context of 
epidemiological research, so as to gear it to the needs of public health administrators. 
Greater emphasis was placed on the research necessary to rationalize health services and to 
integrate health planning into national economic planning. 

1 Handbook of Resolutions and Decisions, Vol. 1, 1948 -1972, p. 28. 

2 
The Medical Research Programme of the World Health Organization 1958 to 1963: Report 

by the Director -General; The Medical Research Programme of the World Health Organization 
1964 to 1968: Report by the Director -General. 

3 
Handbook of Resolutions and Decisions, Vol. 1, 1948 -1972, pp. 27 -28. 
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The difficulties of conducting multidisciplinary research and of accepting and adopting 

fresh concepts and new techniques were foreseen. Theoretical and field research had to be 

conducted in situations where the theoretical component directly supported the practical 

component; thus, for example, by employing mathematical models to facilitate epidemiological 

field studies whose aim was the operational control of disease, a mathematical model enables 

a quantitative dynamic description to be given of the salient features of disease processes 

and other health -related phenomena. It needs to be refined to the point where it is a 

sufficiently accurate representation of actual field conditions, and experimental data are 

needed to validate it or to suggest modifications. A good model can be used as a basis for 

computer simulations, a main purpose of which is to review a range of proposed alternative 

experimental interventions and indicate which would be the most useful to try out. This 

technique can be used to reduce the cost and improve the efficiency of field studies within 

a given budget and time. When the research is completed, the simulations can be used to 

evaluate in an operational setting the alternative strategies of intervention open to the 

public health authorities in a specific country or region. This allows cost -benefit and 

cost- effectiveness analyses to be incorporated in the final recommendations. Progress in 

developing this methodological approach gives a reasonable expectation of substantial advances 

in disease prevention and control. 

Similar methods are also beginning to be developed in the more difficult area of health 

service delivery systems at local or national levels. Again, the aim is to develop 

reasonably realistic models of a system of health service components, to test the models under 

operational field conditions, and then to use them to evaluate the consequences of alternative 

public health interventions and plans. This is likely to be of special value in developing 

countries, where a balanced allocation of scanty resources is of the utmost importance. 

Models can also be used to elucidate the impact of such other sectors as the economic, 

transport, agricultural or educational on the health sector. This intersectoral approach 

is expected to assist in WHO collaboration with other international agencies. 

3. THE FUTURE 

The fifth general programme of work covering the specific period 1973 --1977 inclusive, 

approved by the Health Assembly in 1971, recognizes two global needs requiring population - 

related research: 

the better application of existing knowledge to more people; 

better ways of foreseeing dangers to health and making rapid decisions 

about preventing them in the light of changing environmental aid social 

circumstances. 

The better application of existing knowledge is the main short -term task, the development 

of better ways of foreseeing and meeting dangers to health a longer -term task because of the 

need for greater understanding of the interrelationships between environmental, social, 

economic and health factors. Nevertheless, much of the knowledge and ideas for the second 

objective should be obtained as a result of the attack on the first. 

The lesson has been learnt that mass campaigns lead rapidly to diminishing returns for 

increased cost and effort. Research is required to improve the basic health infrastructure 

and the availability of health manpower so as to make it possible, with limited resources, to 

apply available knowledge on health promotion, disease prevention and environmental 
control. High priority will therefore continue to be given to the strengthening of health 
services by expanding their utilization until they provide complete coverage and by better 

integration within and between the services. Even at its simplest level health action 



А26/10 
page 4 

requires community and individual acceptance. This implies more community and individual 

understanding and participation in what health planners propose, and a consequent understanding 

by administrators of what the community and individuals want and find acceptable. 

Emphasis will be on better ways of analysing data and making them usable, and on 

developing information systems covering health service needs. A good start has been made 

in monitoring and utilizing information on one fairly recent manmade hazard - the adverse effects 

of drugs - and ways of acquiring, storing, retrieving, analysing and communicating information 

on other environmental hazards will be sought. 

Recent changes in social attitudes to the mentally ill and recent scientific developments 

will be exploited to explore the relation of mental and physical health to the psychosocial 

environment. 

The main way in which research will improve health services is by the application of 

evaluation techniques to all health actions. This is not a new concept, but in the past it has 

rarely been possible to evaluate health action in terms of who benefits from them, who is 

harmed by it, how much and under what circumstances he is benefited or harmed, and what is the 

cost of the health action. Research tools for this purpose include more effective methods 

of epidemiological and mathematical analysis and operational research and improved ways of 

understanding and handling community health problems. These will aid the short -term objective 

of increased effectiveness and efficiency of the health services and provide the conceptual 
basis and increased knowledge for the longer -term objective. 

Two aims will continue to guide research in epidemiology and communications science: 

the solution of specific problems and therefore greater emphasis on the immediate use of 

research results; and the improvement of health service delivery through the convergence of 

research efforts. 

Research on specific problems will include: 

1. Measurement of the magnitude of health problems in the community and the study of 

etiology, particularly of chronic communicable diseases and environmental diseases, 

the purpose being to devise new or improve existing methods of control. The traditional 

approach needs to be complemented by the study of how diseases interact and of the 

effects of control methods on the pattern of disease in general. 

2. The study of malnutrition as a direct cause of disease as well as an associated 

cause increasing the severity of and mortality from other diseases; special emphasis 

is needed because it can be prevented easily. 

3. The further development of monitoring and warning systems for communicable 

diseases and environmental hazards. 

4. The study of human reproduction and population dynamics as a prerequisite to more 

effective methods of population control. 

5. The study of attitudes and behaviour in relation to the health services, 

with the purpose of promoting increased community awareness of health problems and 

greater community participation in the activities of the health services. 

6. The study of evaluation procedures for intervention measures and the development 

of the capacity to convert the results obtained into improvements of the health system. 

7. Operational research for disease prevention and control and, more generally, for 

the promotion, organization and delivery of comprehensive health care, including 
health education. 
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8. The development of mathematical and statistical procedures and engineering techniques 
to support the studies mentioned above, particularly (a) the improvement of health statistical 
services and hence the quality of data collected, (b) simple warning signal analyses of 
monitoring data, (c) multivariate analysis, and (d) mathematical modelling and computer 
simulations. These methods need to be simplified when necessary for application in routine 
programmes. 

Finally, WHO will make an increasing effort to secure the collaboration of and entrust 
research work to people who have the necessary professional preparation and accept the principles 
and aims on which the WHO research programme is founded. This is not easy, not only 

because of the general scarcity of such research workers, but also because the training of 
research workers in universities is seldom geared to the solution of community problems. The 
few experiments in orienting the university teaching programme to community needs are being 
followed with extreme interest; they should probably be expanded and multiplied. 

Virtually all WHO research since its inception has been collaborative in nature, and 

much experience has been obtained in combining the efforts of different disciplines in 

different countries. This collaborative research will be continued and developed further 
from 1973 to 1977. 
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PART II. WHO PROJECTS WITH RESEARCH ON EPIDEMIOLOGY AND 

COMMUNICATIONS SCIENCE COMPONENTS 

1. COMMUNICABLE DISEASES 

One of WHO's major research priorities is in the field of communicable diseases, since 

they are still a major problem in the world and since success in their control is a rapid 

method of reducing morbidity and mortality and so increasing productivity and life expectancy 

in the developing countries. 

WHO has achieved some significant results through its research projects, which are 

primarily directed towards improving the efficiency of its assistance to Member States. 

They include: a better understanding of the epidemiology of major communicable diseases such 

as schistosomiasis, influenza, dengue, malaria, smallpox, tuberculosis and toxoplasmosis; 

evaluation of the effectiveness of vaccines for, inter alia, poliomyelitis, measles, smallpox, 

typhoid, cholera, tuberculosis, brucellosis; improved chemotherapy for yaws, malaria, 

tuberculosis, leprosy, schistosomiasis and brucellosis; increased knowledge of the biology 

and control of many insect vectors; and international uniformity of diagnostic criteria and 

technical control procedures. 

Communicable diseases take up a considerable share of the present research programme of 

WHO, particularly in the field of health planning and operational research for health care 
delivery (for instance immunization). Simple warning systems are needed for communicable 

disease surveillance, including adequate data for epidemiological indices. Laboratory and 

field procedures are required to ensure adequate prophylactic, diagnostic and therapeutic 

standards. 

Individual research projects are described below. 

Failures of conventional public health measures to control malaria in Africa have 

repeatedly directed attention to the need for intensive study of the problem. WHO has 

undertaken a quantitative study of the dynamics of various epidemiological factors involved 

in the transmission of malaria, as well as a quantitative evaluation of the effectiveness of 

the application of different methods of malaria control applied singly or in combination. 

This type of study was believed to be the most logical approach to the solution of the 
immediate problem and it would develop the methodology necessary to improve prediction of 

the results of the control methods tested as well as those of other methods of malaria control. 

Field studies in collaboration with the Government of Nigeria have elicited the pattern 
of natural malaria endemicity in selected villages and the impact of specific methods of 

intervention on selected components of the transmission cycle. The data collected enabled 

a mathematical model for malaria control to be developed that includes the epidemiological 

effects of immunity, migration, seasonal variation of vectorial capacity and changes in 

parasitic prevalence in both human and vector populations as a function of natural or 

artificial changes of vectorial capacity. This will allow study of the effects of reduction 

in vectorial capacity, with or without mass drug administration, on the prevalence and 

incidence of infection. The collection of all baseline field data has been completed. 

Antimalarial measures were first applied prior to the wet season of 1972 and will continue 

until the wet season of 1973 is ended. The population of about 50 000 had no previous 

exposure to systematic antimalarial measures. No formal health services are expected to be 

developed for this population during the tenure of the project. Plans are in hand for the 

protection of the study populations when malaria control measures are withdrawn, and for 

study of the patterns of resurgence of malaria in relation to the final level of control 

achieved. 
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Knowledge of the geographical distribution and prevalence of parasitic diseases is being 

continually expanded. The geographical distribution of onchocerciasis has been studied in 

Cameroon, Dahomey, Ghana, Ivory Coast, Mali, Niger, Togo, Uganda, Upper Volta and Yemen. 

The surveys included descriptions of the prevalence and distribution of infection and of 

onchocercal blindness. Detailed studies of the histopathology of skin lesions in endemic 

areas of Cameroon, Guatemala and Yemen began in 1972. A detailed study of the prevalence, 

severity and etiology of eye lesions in hyperendemic, mesoendemic and hypoendemic areas was 

carried out in Ghana in 1972. Standard study protocols for the epidemiology of onchocerciasis 

and its manifestations are in preparation. 

The geographical distribution and prevalence of infections with Schistosoma haematobium 

and S. mansoni have been studied in Nigeria since 1970. Studies of the distribution and 

prevalence of S. intercalatum were conducted in Cameroon and Gabon in 1971. Other prevalence 

surveys in 1971 and 1972 were in Egypt, Ethiopia and Morocco. Follow -up studies to detect 

recurrences of infection have started in Nigeria. Baseline studies in the Lake Volta area 

have been designed to collect information about the epidemiology of schistosomiasis and methods 

for its control in man -made lakes. This study began in 1972 with the development of 

standardized methods for the diagnosis and assessment of the severity of infection and for 

egg counts. 

Qualitative and quantitative assessments of reservoirs for human pathogenic trypanosomiasis 

in a specific endemic area were completed between 1969 and 1970. 

Several activities are under way to improve the control of parasitic diseases. Much of 

the groundwork has been completed for the establishment of a chemotherapeutic research unit 

in the Volta River basin to carry out clinical tests of methods of mass treatment with 

current and recently introduced drugs. Protocols and procedures have been developed and 

methods of measurement standardized in preparation for therapeutic trials among patients with 
S. haematobium infections in Ghana. Chemotherapeutic trials are in progress in Tanzania and 

the effectiveness of mass chemotherapy combined with molluscicides is being assessed in 

Bahia, Brazil. 

Research on the diagnosis of parasitic diseases includes the assessment of alternative 

diagnostic techniques for filariasis in Fiji and Samoa. Comparative skin test responses to 

filarial antigen are under scrutiny in Brazil, Burma, Czechoslovakia, England, India and 

Samoa. The value of fluorescent antibody tests in filariasis is being assessed in Upper 

Volta and the Comoro Islands. A study of the comparative value of indirect haemagglutination, 

complement -fixation, and indirect fluorescent antibody tests in the diagnosis of amoebiasis 

is under study in Canada, Colombia, Cost Rica, India and Thailand. The immunoglobulin, M 

latex, and fluorescent antibody tests for the diagnosis of trypanosomiasis are being assessed 
in Kenya. 

An international programme of surveillance of tuberculosis is being established. A 

method was developed to derive estimates of the risk of infection from the results of repeated 
tuberculin surveys in representative population samples. Standardized procedures for the 
tuberculin test have been developed and an international centre was established to coordinate 
the tuberculosis surveillance programme. This centre is available to carry out tuberculin 

surveys in a number of countries and/or to assist them in the implementation of their own 
surveys, providing national staff with the necessary training and giving assistance in the 

processing and analysis of data and in preparing reports. 

WHO has been making efforts to develop a standard methodology for the evaluation of 
comprehensive tuberculosis control programmes and their components. Programme evaluation, 

sometimes supported by the collection of necessary epidemiological baseline data, has been 

carried out in Algeria, Burma, Sri Lanka, Kenya, Korea, Mongolia and West Malaysia. A 

procedure was worked out for using scar surveys to monitor the coverage in BCG vaccination 

programmes. 
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Efforts have been made to develop methods for the epidemiological surveillance of 

tuberculosis, assessment of the epidemiological significance of non -specific tuberculin 
sensitivity, and the evaluation of control measures. The dynamics of tuberculosis infection 

and disease have been studied with a population of 100 000 in Kolin District, Czechoslovakia. 

The effect of specific control measures was studied in relation to the reduction in the death - 

rate and the identification of new cases. A study is also under way on the cost -effectiveness 

and acceptability of various approaches to tuberculosis control, which included: a completely 

independent specialized tuberculosis service; a programme partially integrated with the 

general health services; and a programme fully integrated with those services. A district 

of Romania with a population of 500 000 was divided into three comparable sectors and one of 

the three approaches is being used in each sector. 

In collaboration with WHO, the Danish Tuberculosis Index continues research into the 
epidemiological basis for eradication of pulmonary tuberculosis. It has a card index of the 
entire population of Denmark. Each patient with tuberculosis and his contacts and all high - 
risk individuals are identified, and the follow -up is continuous. 

A. tuberculosis prevention trial using BCG vaccine is under way in India in a population 
in which non -specific tuberculosis sensitivity is high. Some 300 000 subjects were tested 

with tuberculin and a sensitin from atypical mycobacteria. Chest X -rays and sputum samples 

of all suspects were examined. The population will be followed up periodically by repeat 
surveys for at least 10 years in order to obtain information on the effect of BCG vaccination 
and its interaction with atypical infection. The possibility is being investigated of 

conducting a similar study for comparison in a population in which non -specific tuberculin 
sensitivity is rare. 

A study of a systems analysis approach to tuberculosis control in Algeria has been 

designed for the purpose of establishing simple control methods. It includes an investigation 
of organizational factors affecting the application of the national control programme and of 
acceptable and efficient methods for case -finding and treatment in rural areas. Investiga- 

tions on the chemotherapeutic measures employed and on case -finding have been carried out. 
The systems analysis approach is also being pursued in Oslo, where facilities are provided 
for training in programming for tuberculosis. 

A resource allocation model for public health planning has been constructed, taking 

tuberculosis control as a case study. In tuberculosis, as in other diseases, a variety of 
techniques are available for prevention and treatment. However, these techniques require 

money and scarce manpower such as doctors and nurses. The decision -maker's task is to 

combine the different options available, as far as resources allow, to provide the maximum 
benefit to the community. A decision model using the techniques of linear programming has 
been developed for this purpose. The methodology has been illustrated using data collected 
from a tuberculosis prevalence survey in Korea. 

The programme for the control of endemic treponematoses includes a number of epidemio- 
logical studies, the most important being on the prevalence of endemic syphilis and yaws in 
geographical areas subjected to disease control campaigns in the past. Other studies will 
be on the ecology and natural history of yaws in non -endemic areas previously endemic and on 
the value of various diagnostic serological tests. A representative sampling method for 
surveys of rural populations has already been developed. Standard procedures for the 
collection, transport and analysis of serological samples and for clinical examinations have 
been developed. The procedures have been applied in surveys in Niger, Senegal, Upper Volta 
and Yugoslavia, and the survey data are being analysed in relation to prevalence data 
collected during previous campaigns. An impressive reduction has been revealed in the 
prevalence of clinical disease, but in no instance has eradication been achieved. The 

serological findings showed discrepancies between evidence of infection and clinical manifes- 
tations of disease, and suggest that transmission of infection has continued in the absence 

of recognized clinical lesions. This indicates the need for further immunological and 
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epidemiological study of these diseases. The development of simulation models is desirable 

to test theories of transmission dynamics and identify strategies for control of the diseases. 

The re- emergence of venereal diseases as a major public health problem in developed 

countries has drawn attention to the dearth of knowledge about their social and behavioural 

determinants and methods of controlling them and about their natural history and the immune 

response to them. During recent years a large number of surveys of large segments of the 

populations of cities and large towns have provided information on the magnitude of the 

problem, the association between the prevalence of venereal disease and social and occupational 

status, and the clinical manifestations and clinical progress of the disease. Emphasis is 

being placed on extending these surveys and developing methods of serological diagnosis and 

possibly of vaccines providing specific protection. 

A detailed investigation of the seventh pandemic of cholera identified modes and routes 

of its spread. The data were used to predict the likelihood of invasion into new geographical 

areas and to alert local and international authorities to the need for appropriate preventive 

and control measures. Concerted epidemiological and bacteriological studies described the 

prevalence of the biotypes and serotypes of Vibrio cholerae throughout the world and the 

extent and pattern of spread of the disease by type. The results showed that the El Tor 

biotype was predominant in all affected areas of the world, and all new outbreaks beyond the 

bounds of endemic foci were due to it. The results of the investigation were continually 

reported and used to alert countries to the need to train national staff in control measures 

and organize facilities and supplies to deal with outbreaks. A large series of publications 

have resulted from this study, among which onel is fundamental to contemporary public health 

practice. 

The control of cholera and enteric infections by sanitary measures is being assessed in 

four villages of equal size and similar socioeconomic conditions in the Philippines. Each 

village has been subjected to a different type of sanitary control; one was supplied with 

pure water, one with simple privies, and one with both pure water and simple privies, and the 

fourth left in its natural state. Daily surveillance in all four villages continued for a 

period of four years. The results of the study showed that the incidence of cholera fell 

by approximately 50% per year in the village with clean water and in the village with simple 

privies. There was a more rapid decrease in incidence in the village provided with both 

clean water and privies, and the disease was eradicated. Additional studies are planned in 

Asia and Africa. 

The relationship between housing conditions and cerebrospinal meningitis was examined in 

Mali and Upper Volta. Systematic samples of airborne bacteria were collected from houses 

of different size, type of construction and density of occupation. Both qualitative and 

quantitative bacteriological examinations were made. The results showed the incidence of 

cerebrospinal meningitis five to 10 times greater among crowded occupants of inadequately 

ventilated small houses. 

Epidemiological models have been constructed for computer simulation of the disease 

dynamics of typhoid, tetanus, cholera and cerebrospinal meningitis. The models are based 

on existing epidemiological knowledge of these diseases and have been tested for fit to 

actual situations and against the imprecision of current knowledge of some of the epidemio- 

logical parameters. The effects of single and combined application of control methods were 

assessed under simulated epidemic and endemic conditions. The assessment included cost - 

effectiveness and cost -benefit, and the types of intervention tested were vaccination, 

sanitation and drug prophylaxis. The results were used to define strategies for cholera 

control in the field. The typhoid model was used in planning a national typhoid control 

programme in Western Samoa. 

1 Araoz, de et al. (1970) Principles and practice of cholera control, Geneva, World 

Health Organization (Wld 11th Org. Publ. 11th Pap., No. 40). 
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A nomogram for cost -benefit analysis of measures to prevent infectious diseases was 
constructed, using such usual control methods as vaccination and sanitation, cost of treatment 
and prevalence and incidence. The results were similar to the results from mathematical 
models. Nomograms have been used in short -term field activities and for training purposes. 

A long -term study of trachoma control was carried out. Following a clinical trial in 

1959/1960 and a prevalence survey in 1960/1961, a community -wide trachoma treatment programme 

was instituted in China (Province of Taiwan). A re- examination in 1968/1969 of a subsample 
of people in the localities included in the 1960/1961 survey provided the basis for clinical 

assessment of the results of the programme. 

A long -term study to investigate the role of BCG vaccination in the prevention of leprosy 

began in 1964 in certain selected areas of high endemicity in Mandalay District, Burma, 

comprising a total population of about 90 000. About 28 200 children were included in the 
study, half of them given BCG and others kept as controls, the allocation of a child to either 
of the two groups being random. Every child included in the trial is being followed up 

annually and the incidence of the disease in the two groups measured. By June 1971, every 

child had been followed up for a minimum of three years, some as many as six years. The 

results to date are inconclusive and underline the necessity to continue the study. The 

distribution of cases is being analysed by type of lesion, sex, age, ethnic group, family 

membership, initial tuberculin reaction, household contact status and level of endemicity. 
Data have also been collected to describe sites and the evolution of early lesions in 

children. 

Two mass surveys of the entire population were carried out in the BCG vaccination trial 
area, in 1964 -1965 and again in 1970 -1971. The results are being analysed and are expected 
to provide information on the trends of the disease in an area where practically all the 

children and contacts of known cases are examined every year and referred for treatment. 

Besides the WHO trial in Burma, similar trials have been underway in Papua, New Guinea 

and Uganda, all the three trials producing considerably discrepant results regarding the 
efficacy of BCG vaccine in preventing leprosy. A comparative study of methodology was 
undertaken and showed that, in spite of important epidemiological differences between the 

three populations, there were no systematic differences between the BCG and control groups 

in any of the three trials. It can therefore be assumed that the differences in the leprosy 

results between these trials are more likely to be biological than methodological. 

Research on the epidemiology of leprosy will include the development of epidemetric models 

for estimating the effectiveness of leprosy control measures, particularly in relation to the 

registration and treatment coverage required for the progressive reduction of the disease. 
The feasibility of control methods under different socioeconomic conditions will be studied by 
systems analysis. The cost -effectiveness of the ways of integrating specialized leprosy 

control into the general health services will be analysed. An investigation in twins will 
be made to determine whether genetic factors influence the spread of leprosy. 

The geographical distribution and the density of small wild mammals in Iran have been 

determined, and various visual displays and techniques for computer mapping of the distri- 
bution and the relative abundance of the reservoirs of disease have been developed. Studies 

were made simultaneously of the prevalence of a number of human pathogens in the animal 
reservoirs, and the data will be used to describe the relationship of human infection and 
disease to animal reservoirs. 

Data from rodent populations in forest reserves near Geneva were used to develop a model 

of the bionomics of rodent populations. Methods were developed to identify and recapture 

rodents for longitudinal studies, determine population densities, spatial distribution, and 

contacts, and assess reproductive rates and longevity. The data were used in a simulation 

model to test hypotheses about time and space determinants of population distributions of 
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rodents. The model developed has been tested in a study of the ecology of plague in a tropical 
forest in Indonesia, which began in 1972. The study will last for two years and will provide 
information about the ecology of the rodents and fleas involved. 

Collaborative studies have been made of an epizootic of wildlife rabies which occurred 
in Europe between 1963 and 1971. They covered the ecology of reservoirs of the disease and 
the rate of progression of the epizootic, the patterns and speed of spread of which are being 

analysed in relation to seasonal variations, topography and fox density. It is believed that 
the results of this analysis will be of value in planning rabies control measures. 

Sero- epidemiological studies providing a baseline for planning immunization programmes 
have been carried out with the assistance of the WHO serum reference banks in Prague and New 
Haven, United States of America. They were based on examination of random samples of the 
population and carried out with WHO assistance in a number of countries. Many of these 
surveys were concerned primarily with treponematoses and venereal syphilis, but the serum 
samples collected were also used for the investigation of common infectious diseases. Surveys 
were also carried out by WHO- assisted projects in Kenya and Mongolia. Some of the serum has 
been preserved for posterity studies. In addition, the banks made a number of studies of 
laboratory methodology and techniques. 

Work is also in progress at the Prague Serum Reference Bank to develop automated methods 
for sera processing. Another WHO serum reference bank was established in Tokyo in 1970 and 
has been engaged in studies of laboratory methodology for sero -epidemiological investigations. 

Mathematics have made an important contribution to studies of the genetic control of 
mosquitos, Simulation models developed in 1972 to assist in the selection of optimum 
strategies for the WHO/ICMR research project on the genetic control of mosquitos in Delhi 
have shown that success or failure depends on regulation of the density of the mosquitos. 
Ecological data collected in the Delhi area are currently under analysis to determine the 
actual regulation mechanism. The models permit the calculation of the reduction in density 
if the natural mosquito population is replaced by another strain of lower fertility. Minimal 
release ratios and the optimal timing of releases in relation to the seasonal density 
patterns have been determined. 

Mathematical models have been used to extend and improve general understanding of the 

transmission mechanisms and population dynamics of communicable diseases as a step in the 

improvement of public health measures for their control, Studies have been directed to the 
solution of general problems in epidemic theory, and in the application of epidemic theory 

to public health control, the development of widely applicable simulation models, the compi- 

lation of an up -to -date bibliography of research work on communicable disease theory, and the 

development of standard computer programmes for future WHO use. Considerable progress has 
been made in the analysis of epidemic data from small groups, and new computerized methods 
have been developed to estimate the length of latent periods and infectious periods and the 

infection rates. These methods were tested on smallpox, measles and infectious hepatitis 
data, A critical review has been completed of the general role of mathematical models in 
epidemiology, with particular reference to control problems in smallpox, tuberculosis and 
schistosomiasis. Emphasis is being placed on prediction in space and time, the quick 

detection of outbreaks, optimal vaccination strategies, and the optimal allocation of 

resources. Computer programmes for the application of the various techniques to future 

work have been prepared. On the basis of epidemiological models for communicable diseases, 

efforts will be made to develop methods and techniques for the selection of the most suitable 

control programmes and for cost -effectiveness and cost -benefit analysis of various comprehen- 

sive and combined disease control activities, It is believed that this will be of assistance 

in health planning and evaluation and contribute to more accurate systems of analysis. 
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2. ENVIRONMENTAL HEALTH 

The aim of research in epidemiology and communications science in relation to environ- 

mental health is to develop appropriate information systems, coordinate international research 

on guides and criteria in environmental health, and evaluate the exposure of the community to 

air, water and food pollution and of workers to occupational hazards. It includes in 

particular the study of the incidence and prevalence of ill health associated with occupational 

and other environmental conditions and of the effects of environmental exposures about which 

little information is available. Another aim is to evaluate the effectiveness of control 

measures in, for example, the working environment. 

To provide the data for planning national programmes of community water supplies and 

sewage disposal, questionnaires on national water supply and sewage disposal conditions were 

devised and completed at regional and country levels. The information provided will be 

used in the development of local, national and international information systems, which in 

turn will be used for the setting of national and local programme targets, the assessment of 

national and local efforts to meet them, the allocation of assistance to countries, the 

identification of personnel needs and of areas where research is needed, and the development 

of WHO training programmes. Future developments of this project include studies of the 

standardization of information systems and of information dissemination and retrieval. 

A study of chronic exposure to pesticides has started in Bucharest. Samples of residents 

from several areas of Bucharest are being studied to obtain data that can be used to demonstrate 

the relationship between tissue cholinesterase levels, blood levels of methaemoglobin and 

nitrite, and clinical manifestations of disease. The data will be used to rank study areas 

by degree of exposure to pesticides and assess the hazards associated with given levels of 

exposure. 

Studies of the effects of high background radiation have been undertaken in Kerala, 
India, since 1965. Chromosome aberrations are being used as biological markers to assess 

the effects of this natural background radiation on local residents. 

A series of surveys will be carried out between 1970 and 1975 to describe the distri- 

bution and associations of health problems in small -scale industries. A long -term study 

is under way todescribe the health problems and environmental conditions of agricultural 
workers in seven countries in different regions. Standardized epidemiological procedures 

have been used to assess the status of employees exposed to organic and vegetable dusts 

during working hours. The project includes studies of workers exposed to dusts not 

previously regarded as potential agents of disease. Results of the analysis that suggest 

associations between evidence of disease and exposure to specific organic and vegetable 
dusts will be used to develop standards for safe exposure levels and methods of control of 

respiratory disease. A series of studies to monitor the effects of industrial toxic agents 

are in progress in Egypt, Japan, Sweden and Yugoslavia. They will assess the relationship 

between exposure to toxic agents and ill health and between the exposure dose and the 

response. The results will be used to develop safe standards for exposure to the toxic 

agents studied and guidelines for control. 

Health conditions in different occupational sectors, particularly mining, agriculture 

and seafaring, are being investigated to discover causes of ill health and the distribution 

of occupational health problems. The studies include both epidemiological and laboratory 
studies of environmental factors and their effects on workers at different levels of exposure. 

The effects of exposure to more than one environmental hazard at work have been studied 

in different industries in Bulgaria, Egypt, Finland and Japan, with a view to discovering 

whether simultaneous exposure to different stresses leads to potentiation of the effects of 

exposure to each. Workers are rarely exposed to single hazards. In developing countries 

workers affected by malnutrition and /or parasitic diseases are similarly more vulnerable to 
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rodents. The model developed has been tested in a study of the ecology of plague in a tropical 

forest in Indonesia, which began in 1972. The study will last for two years and will provide 

information about the ecology of the rodents and fleas involved. 

Collaborative studies have been made of an epizootic of wildlife rabies which occurred 

in Europe between 1963 and 1971. They covered the ecology of reservoirs of the disease and 

the rate of progression of the epizootic, the patterns and speed of spread of which are being 

analysed in relation to seasonal variations, topography and fox density. It is believed that 

the results of this analysis will be of value in planning rabies control measures. 

Sero- epidemiological studies providing a baseline for planning immunization programmes 

have been carried out with the assistance of the WHO serum reference banks in Prague and New 

Haven, United States of America. They were based on examination of random samples of the 

population and carried out with WHO assistance in a number of countries. Many of these 

surveys were concerned primarily with treponematoses and venereal syphilis, but the serum 

samples collected were also used for the investigation of common infectious diseases. Surveys 

were also carried out by WHO- assisted projects in Kenya and Mongolia. Some of the serum has 

been preserved for posterity studies. In addition, the banks made a number of studies of 

laboratory methodology and techniques. 

Work is also in progress at the Prague Serum Reference Bank to develop automated methods 

for sera processing. Another WHO serum reference bank was established in Tokyo in 1970 and 

has been engaged in studies of laboratory methodology for sero -epidemiological investigations. 

Mathematics have made an important contribution to studies of the genetic control of 

mosquitos. Simulation models developed in 1972 to assist in the selection of optimum 

strategies for the WHO /ICMR research project on the genetic control of mosquitos in Delhi 

have shown that success or failure depends on regulation of the density of the mosquitos. 

Ecological data collected in the Delhi area are currently under analysis to determine the 

actual regulation mechanism. The models permit the calculation of the reduction in density 

if the natural mosquito population is replaced by another strain of lower fertility. Minimal 

release ratios and the optimal timing of releases in relation to the seasonal density 

patterns have been determined. 

Mathematical models have been used to extend and improve general understanding of the 

transmission mechanisms and population dynamics of communicable diseases as a step in the 

improvement of public health measures for their control, Studies have been directed to the 

solution of general problems in epidemic theory, and in the application of epidemic theory 

to public health control, the development of widely applicable simulation models, the compi- 

lation of an up -to -date bibliography of research work on communicable disease theory, and the 

development of standard computer programmes for future WHO use. Considerable progress has 

been made in the analysis of epidemic data from small groups, and new computerized methods 

have been developed to estimate the length of latent periods and infectious periods and the 

infection rates. These methods were tested on smallpox, measles and infectious hepatitis 

data. A critical review has been completed of the general role of mathematical models in 

epidemiology, with particular reference to control problems in smallpox, tuberculosis and 

schistosomiasis. Emphasis is being placed on prediction in space and time, the quick 

detection of outbreaks, optimal vaccination strategies, and the optimal allocation of 

resources. Computer programmes for the application of the various techniques to future 

work have been prepared. On the basis of epidemiological models for communicable diseases, 

efforts will be made to develop methods and techniques for the selection of the most suitable 

control programmes and for cost -effectiveness and cost -benefit analysis of various comprehen- 

sive and combined disease control activities. It is believed that this will be of assistance 

in health planning and evaluation and contribute to more accurate systems of analysis. 
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particular the study of the incidence and prevalence of ill health associated with occupational 

and other environmental conditions and of the effects of environmental exposures about which 

little information is available. Another aim is to evaluate the effectiveness of control 

measures in, for example, the working environment. 

To provide the data for planning national programmes of community water supplies and 
sewage disposal, questionnaires on national water supply and sewage disposal conditions were 

devised and completed at regional and country levels. The information provided will be 
used in the development of local, national and international information systems, which in 

turn will be used for the setting of national and local programme targets, the assessment of 

national and local efforts to meet them, the allocation of assistance to countries, the 

identification of personnel needs and of areas where research is needed, and the development 
of WHO training programmes. Future developments of this project include studies of the 
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nitrite, and clinical manifestations of disease. The data will be used to rank study areas 
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Studies of the effects of high background radiation have been undertaken in Kerala, 
India, since 1965. Chromosome aberrations are being used as biological markers to assess 

the effects of this natural background radiation on local residents. 

A series of surveys will be carried out between 1970 and 1975 to describe the distri- 
bution and associations of health problems in small -scale industries. A long -term study 
is under way to describe the health problems and environmental conditions of agricultural 
workers in seven countries in different regions. Standardized epidemiological procedures 
have been used to assess the status of employees exposed to organic and vegetable dusts 
during working hours. The project includes studies of workers exposed to dusts not 

previously regarded as potential agents of disease. Results of the analysis that suggest 
associations between evidence of disease and exposure to specific organic and vegetable 
dusts will be used to develop standards for safe exposure levels and methods of control of 
respiratory disease. A series of studies to monitor the effects of industrial toxic agents 
are in progress in Egypt, Japan, Sweden and Yugoslavia. They will assess the relationship 
between exposure to toxic agents and ill health and between the exposure dose and the 

response. The results will be used to develop safe standards for exposure to the toxic 
agents studied and guidelines for control. 

Health conditions in different occupational sectors, particularly mining, agriculture 
and seafaring, are being investigated to discover causes of ill health and the distribution 
of occupational health problems. The studies include both epidemiological and laboratory 
studies of environmental factors and their effects on workers at different levels of exposure. 

The effects of exposure to more than one environmental hazard at work have been studied 
in different industries in Bulgaria, Egypt, Finland and Japan, with a view to discovering 
whether simultaneous exposure to different stresses leads to potentiation of the effects of 

exposure to each. Workers are rarely exposed to single hazards. In developing countries 

workers affected by malnutrition and /or parasitic diseases are similarly more vulnerable to 
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the effects of toxic substances at work. The aim of the research is to develop appropriate 

standards for combined exposure and improve control measures. 

Future research will concentrate on the early detection of health impairment in occupa- 

tional groups before symptoms of disease appear and on the effect of the psychosocial 

environment at work on health and human efficiency. The psychosocial environment has been 

shown to have effects on the mental health of workers and there is evidence of its influence 

on psychosomatic disorders and on work efficiency and individual productivity. Further 

studies will aim at the control of such factors as work administration, industrial relations, 

shift work and repetitive tasks in their relation to health, and emphasis will be placed on 

the fitting of work processes aid tools to human capacities and limitations, so achieving the 

humanization of work. The science of ergonomics is developing rapidly, and research in this 

field will no doubt open up a new area for health promotion through a better adjustment 
between man and his working environment. 

3. STRENGTHENING 0F HEALTH SERVICES 

Research in epidemiology and communications science has provided support to the programme 

of strengthening of health services in: (a) operational studies to improve decision -making 

processes for the promotion and organization of health care and disease prevention; and 

(b) the provision of the knowledge necessary for health planning. Emphasis will continue 

to be on: the introduction of new systems of care; the integration of health service 

activities into general economic and social development; methods of determining and relating 

to each other existing needs, objectives and resources, so as to maintain the health care 
system at a high level of efficiency and effectiveness; concepts and methods of evaluation 
as an essential planning and management component of health service systems; the establish- 

ment of health services institutes to undertake the research and training needed for the 

of health systems; and the study of the spread of innovations and of community 

participation at all levels. 

A comprehensive health planning research project in Colombia has the improvement of 

health through improved health planning as its major goal. Its short -term objective is to 

develop improved techniques for modifying the health system, integrate those techniques into 

improved planning methods, and introduce the improved planning methods into the functioning 

health planning system. The study provides an example of the integration of mathematical 

and operational research with population -based field studies. A pilot field project that 

began in 1970 has been completed in one province of Colombia. It was carried out by a 

team that included a public health administrator, a systems analyst, a quantitative analyst, 

a programme manager, an epidemiologist, and other Colombia scientists. Its functions were: 

to establish good working relationships with national and provincial research committees and 

with each part of the health services; to review and evaluate health system data sources; 

to identify the significant features of the decision -making institutions and organizations 

and of working methods in the major operational health programmes; and to develop the analysis 

of the existing system and of alternative health system configurations. For the second phase, 

a programme of maternal and child health was started, beginning in the Departamento del Valle. 
A review of the present programme, an analysis of its performance and a description of the 
planning process have been made. Appropriate indicators are being developed for the service 

and its planning process. 

A study of the regionalization of health services and health insurance in Serbia includes 

an analysis of the demand for health services at different levels and intensities of medical 

care, which is in turn determined by insurance schemes covering industrial and agricultural 

workers. A study on a statistically designed sample of about 13 000 individuals was started 

in 1972 and is expected to provide information on the demand for, and utilization of, such 

care by different epidemiological and insurance groups. The study is being supplemented by 

an intensive investigation in selected areas of the appropriateness and cost of services in 

relation to their actual or expected outcome. These two studies, together with an analysis 
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of the background data already prepared, are expected to provide adequate information for 
formulating new patterns of regionalization and modifying the structure of medical services 
within each region to meet the demand with optimal effectiveness and efficiency within the 
available resources, The Serbian Parliament has agreed to wait for the results of this 
study before it considers reorganization of its health services and health insurance divisions. 

A health services development project was designed to identify a series of alternative 
measures to strengthen and develop the delivery of health services in a province of Iran. 

It was agreed that measures providing the most effective and efficient use of limited 
resources would be adopted for the area's general health services development system after a 
field test for two years. The present study includes a population survey to compare 

consumers' and providers' estimates of health care needs, the collection of information to 
relate the use of available services to perceived and assessed needs, and estimation of the 
services required to meet those needs and unavoidable demands. Household and individual 
interviews have been completed. All individuals who reported episodes of sickness during a 

prescribed period have been subjected to special medical examination, and the other to a 

standard physical examination including prescribed laboratory and screening tests. The 
results of this study are being analysed. 

It is proposed to develop a dynamic model of health and socioeconomic development (an 

intersectoral model) to enable developing countries to evaluate health activities and 

coordinate them with socioeconomic development. This quantitative model is expected to 

provide decision -makers and/or planners with a readily available tool that can be used quickly 
to study the implications of alternative courses of administrative action. It can be used 

to examine the implications of specific medium -term or long -term health programmes, identify 

critical needs for data, assist planners to assess the contribution of improved health to 

social development, or predict changes in selected health indicators from changes in socio- 

economic conditions. The major components incorporated in the model to date are population, 

health services, economic production, education and nutrition. 

Input -output techniques are used in most countries for national economic planning. 

Their application to health systems could provide a new and relatively accurate tool for 

planning and evaluating their operation. A project has been designed to use these techniques 

to describe the allocation and utilization of human and material resources by the national 

health care systems of Norway. It includes the definition of health care activities, the 

development of appropriate indicators of their levels of operation, and the identification of 
the resources necessary to support them at different operating levels. If the initial work 

in Norway proves successful, efforts will be made to quantify the effects of health care 

activities on target populations. 

Administrators and planners urgently need data to tell them how and by whom health 
services are used, in order to tailor services to the population's needs and demands. A- 

study on the utilization of outpatient health services was conducted in Tunisia to develop 
technical methods for answering these questions in developing countries. The Governorate of 
Nabeul, with a population of approximately 320 000 persons, was selected as an area more or 
less representative of communities and health services throughout the country. The specific 
objectives were: (1) to determine the most appropriate, most rapid and least costly methods 
of assessing the use of health services; and (2) to identify the major demographic, socio- 
economic, attitudinal and organizational factors associated with differences in using them. 
This pilot project demonstrated the possibility of studying the utilization of health services 
within a developing society and of collecting the data required, and it provided specific 
information about the problems of the health services and its consumers in Tunisia. 

Information about the type, degree and causes of disability at the productive ages and 
about the social and environmental circumstances of the disabled is being collected in 
Belgrade, in collaboration with the Federal Institute of Public Health. The data come from 
a representative sample of 10 000 individuals aged 34 -54, chosen to provide information about 
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both rural and urban residents and individuals from all social classes. The survey includes 

a home screening interview for disability and medical examination of all those found positive 

and a sample of those found negative. The field study began in 1973, following the develop- 

ment and testing of questionnaires, procedures and protocols. The results will be used to 

assess the burden of disability and its probable causes and to develop measures to improve 

the living conditions of the disabled. 

A long -term collaborative study under wayinKaunas and Rotterdam - two cities with 

totally different health delivery systems - is tackling methodological problems in the control 

of non -communicable diseases within health care delivery programmes. It involves a multi - 

factorial approach to the drug treatment of myocardial infarction and stroke aiming at the 

reduction of three risk factors - elevated blood pressure, elevated serum cholesterol and 
impaired glucose tolerance. Every stage has been designed to provide information about 
behavioural and operational components that can be used in analysis and in planning future 
programmes. The effectiveness of the approach will depend on whether it can identify a 

group at high risk from myocardial infarction and stroke, intervene successfully, and assess 
the medical effectiveness of intervention. A mathematical model will be used to evaluate 

the impact of this type of programme and identify optimal operational strategies. The study 

started in 1972 and is expected to be completed in 1974. 

An international need for immediate information about the health effects of urbanization 

could be met initially through a longitudinal study of the urbanization process and identi- 

fication of the health factors involved. Migrants are likely to provide such immediate 

information. A feasibility study in Teheran tested methods of identifying and selecting 

participants by household surveys, a main aim of which was to test methods of following up 

participants in the study after an interval of four months. Other aims were to assess the 

difficulties met by the participants in setting up households in the cities, and to test the 

feasibility of physical examination in the home and of questionnaires in detecting psycho- 

somatic symptoms. The questionnaire proved to be a useful tool that can be readily trans- 

formed into a valuable screening instrument. It has already been so adapted and used in 

other studies in Iran. Knowledge gained about the logistical and practical problems of 

mounting a household survey in Teheran was of value in surveys elsewhere in the country. 

A collaborative study of the health effects of urban migration in Senegal was designed 
in 1970. The initial population chosen for study was a particular tribal group thought to 

have difficulty in adapting itself to living conditions in Dakar. The study was designed 

to compare the physical and mental health of samples of rural and urban residents belonging 

to the Serer ethnic group, develop and test methods of collecting and analysing different 

types of data, and test the value of the data in planning health programmes. The investi- 

gation made it possible: (a) to study some major public health problems in the rural and 

urban areas related to the sociodemographic conditions of urban migration and adaptation to 
life in Dakar; and (b) to identify groups who were at high risk from disease and had 

difficulty in adapting themselves to urban life. 

A study of time trends in the pattern of urban /rural differentials in mortality between 
1950 and 1970 has been started. This study, using available official data, will focus on 

changing patterns in Austria, Canada, Denmark, England and Wales, the Federal Republic of 

Germany, Finland, France, Greece, Italy, Japan and Spain, and assess the contribution of 

each of the three major factors of the environment (including housing), socioeconomic 

conditions and the provision of health services. 

The United Nations and WHO have jointly initiated a study of trends and differentials in 

foetal, infant and child mortality. The influence of various biological, social and cultural 

factors has been studied, particular attention being paid to such factors as previous foetal 

loss, birth intervals, weight at birth, duration of gestation, age of mother, parity, social 

class and mother's employment status. The study provides estimates of mortality levels for 

the majority of Member countries and major regions and contains a comparative analysis of 
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cause -of -death patterns for all countries with available data, including an appraisal of the 

quality of the information. It revealed various shortcomings, such as gaps in knowledge, 

differences in terminology and concepts, and poor utilization of existing information; and 

it highlighted the defects in cause -of -death certification, particularly for the perinatal 

period. 

A comparative study of biological and social effects on perinatal mortality has been 
started, Austria, Cuba, England and Wales, Hungary, Japan, New Zealand, Sweden and the United 

States of America participating. This study will investigate perinatal health data in 

relation to: (a) biological factors such as gestational age and weight at birth; (b) demo- 

graphic factors such as maternal age and birth order; and (c) social factors such as parental 
occupation and education. It will also include a comparison of cause -of -death data in 
countries with differing social, economic and administrative systems. 

One of the major obstacles encountered in statistical surveys on sensitive topics such 
as abortion, mental disease and the use of drugs is the reluctance of respondents to answer 
truthfully. To safeguard the anonymity of respondents a new survey technique is being 
developed, the randomized response technique. It is founded on a mathematical model and 
produces results that can be described in the usual language of probability sampling. 
However, it is still in the process of development and needs testing in different socioeconomic 
environments. A. pilot study has been carried out in Hungary to obtain information on various 
health -relevant sensitive topics, and analysis of the experience gained will form the basis 
for further experiment with the technique. 

A descriptive study of maternal nutrition during pregnancy and infant birth weight is 

under way in Ibadan, Nigeria. A seven -day dietary survey to obtain information about the 
baseline nutritional intake of non -pregnant women in the village of Osegere has been 
completed. Detailed dietary histories are being collected from 36 pregnant women at three - 
monthly intervals from the time of prenatal registration until the termination of pregnancy. 
Increases and decreases in food intake during pregnancy will be studied and reasons for 
reduction in food intake investigated. Infant birth weights will be correlated with maternal 
weight gain during pregnancy. 

An international growth chart is being developed. Growth charts are of value for the 
early detection of poor growth and malnutrition, for the education of health workers and 

parents, and for assessment of the health status of a population and of the quality of the 
health care services it receives. A review of growth charts collected from 54 countries 
showed large variations in measurements and display methods. A scientific review group 

developed the format, content, and reference values for a model chart for international use 

for children under five years of age, the first draft of which will be ready in 1973. Methods 

and procedures for testing it will be completed at the same time. The chart will be field 

tested and the analysis of the results will be available at the end of 1974. 

WHO has proposed methodology for the use of anthropometric measurements as indicators of 
secular trends of the nutritional status of populations. Standardized protocols and 

procedures have been designed. Surveys conducted according to this methodology have been 
completed in the five Central American countries and in Panama; additional surveys are at 
present being carried out in the Khmer Republic, Mexico, the Philippines, Singapore, Sudan 

and Tunisia. The long -term objective is to provide on a worldwide basis data that will 
allow international comparisons and description of trends over given periods. 

A field trial is being planned to test the potential toxicity of a weaning food prepared 
from faya beans. The preparation is similar to one that could be developed as an industrial 

product for use in the Middle East and North Africa. The statistical design for testing 

toxicity in a series of trials involving human volunteers has been prepared. The first 

trial, in susceptible adults, will be followed by a trial in a group of children aged one to 

four years, and finally a limited field trial in a community would be made. 
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An epidemiological study of human reproduction in rural India is an experimental assess - 

ment of the operational aspects of programmes in which different people provided family 

planning services in different ways in four groups of villages. Each group included four 

to five villages and approximately 4000 individuals. The study was designed to identify 

mechanism for including family planning in a comprehensive programme of health care for 

mothers and children and, by means of operational research, to determine the best way of using 

them in field and training programmes. 

A.n effort has been made to accumulate detailed information that can be used in studies 

elsewhere. 

A study on the biosocial development of children born from unwanted pregnancies was 

started in 1971 in Czechoslovakia. Its objective is to compare the health, growth, develop- 

ment, school performance, and psychosocial development of children born of women twice denied 

an abortion with matched control children. The study is expected to be completed in 1973. 

An epidemiological study of twinning was carried out in Nigeria between 1969 and 1972 

with the aim of describing the epidemiology of twinning in an area which has the highest 

rate for twinning in the world. The data are being analysed. 

A study of fertility in Senegal was carried out between 1967 and 1969. Baseline data 

on fertility were collected in rural and urban populations and the relationship between 

fertility and such factors as infant mortality, menstruation, pregnancy, lactation, and 

nutritional status was analysed. 

An epidemiological study of population dynamics was completed in Peru in 1970. Both 

retrospective and prospective data were obtained on the influence of biological, medical, 

economic and cultural factors on population change in selected communities. 

Collaborative epidemiological studies oh human reproduction have been under way since 
1968 in Colombia, Egypt, India, Iran, Lebanon, Pakistan, the Philippines, Syrian Arab 

Republic and Turkey. The objective of these studies is to investigate the relationship of 

family size and child spacing to family health as determined by obstetrical and child health 

history and physical and laboratory examination. The studies are expected to be completed 

in 1973. 

An extensive research programme in epidemiological and operational research in human 

reproduction and family planning is currently being developed. It includes the following 

studies: 

(1) Sequelae and complications of induced abortion: to evaluate the health consequences 

of legally and illegally induced abortion; to evaluate techniques and new procedures for 

inducing abortion; to examine the relationship between other contraceptive practices and 

abortion; and to evaluate the organization of abortion services so as to provide 

optimal safety, satisfaction and efficacy at minimal cost. 

(2) Sterility /infertility: to determine the magnitude of the problem and the etiology; 
to develop screening techniques for use in the prevention and treatment of sterility or 
infertility; and to determine the relationship of the provision of services for treat- 
ment of infertility to acceptance of family planning services. 

(3) Acceptability of fertility -regulating methods: to determine what properties of 

existing or potential fertility- regulating methods will enhance or impede their 
acceptance by major cultural groupings. 
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(4) Interaction of contraceptive agents and methods and of nutrition, infection and 

other health variables: to study the effectiveness, safety and side -effects of fertility - 

regulating methods in populations where significant numbers of individuals using such 

methods have an altered nutritional status, are receiving drugs for other conditions, or 

are not in optimal health owing to endemic or epidemic disease; and to determine the 

effectiveness and side -effects of fertility -regulating agents on normally nourished and 

malnourished lactating women. 

(5) Family formation and family health: to determine which associations between family 

health and family formation are causally related, so as to provide recommendations on 

modifications of family formation patterns that would improve health; and to develop 

profiles of families and individuals at high risk owing to family formation patterns. 

(6) Programme trials of fertility- regulating methods: to determine the characteristics 

of specific methods in family health programmes successfully introduced and continued; 

to identify the characteristics of individuals likely to accept a specific fertility - 

regulating method; and to examine the failure or rejection of a specific fertility - 

regulating method in order to modify its presentation or to supplement it by other 

methods. 

(7) Family planning in health services: to develop methodology for: (i) organizing 

family planning care in order to achieve optimal efficiency and optimal acceptance; 

(ii) discovering the reasons for discontinuation of family planning practices by those 

in need of family planning care; (iii) diagnosing the under -utilization of family 

planning services; (iv) differentiating the effects of programme changes or innovations 

from non -programme effects in terms of use and effectiveness of service; (v) determining 

the optimal combination and sequence of fertility -regulating methods in terms of optimal 

family planning practice and efficiency of services. 

In the field of health education, factors involved in the adoption of practices related 

to the health aspects of family planning by hospital patients and their relatives are under 
study in groups of hospitals and health centres, Subsequent studies will be made to test 
the value of health education in changing the factors identified, The wide gap between 

knowledge and practice of family planning methods is of particular concern in some developing 
countries, and the reasons for it are under investigation in the Republic of Korea. 

Information on knowledge, attitudes, and practices in family planning is being collected 

from husbands and wives in 31 Korean villages. The results of this study will be used to 
determine what education in family planning can be attempted within the framework of existing 
health care delivery services, particularly those for mothers and children, and what methods 
should be used. 

A study has just begun in Iran on the cognition, attitudes and behaviour of high -school 
biology teachers regarding family planning. On the basis of the findings a curriculum will 
be suggested for training such teachers to assume the role of information and culture- change 
agents with regard to reproduction and family size. 

A study in Sáo Paulo, Brazil, has been designed to assess the extent to which families 

adopt health practices learned by their children in school. Nutrition has been chosen as 
the main index. Two sets of schools will be chosen and a census of children in selected 

grades will be taken. A survey of nutritional patterns in the families of the children 

listed will be made. The children in one set of schools will then be given a nutrition 
course and, after a certain time has elapsed, a repeat survey of family nutritional patterns 
will be carried out. 

The process of adoption of selected health measures, especially in relation to the health 
aspects of family planning, is being investigated in selected rural communities in India. 

The results are expected to provide indications on the characteristics of adoption and the 
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means of diffusion of innovation in villages that will facilitate further implementation of 

health and family planning measures in India. 

The impact of the services provided by primary health centres on community health 

practices, including family planning, as seen by the users, is being studied in selected 

villages in India. The study is mainly concerned with the village community's understanding 

of its health problems and the practices it adopts to deal with them. The information 

obtained is expected to facilitate the improvement of the services, the training of village - 

level health workers, and the adoption of more effective educational methods for promoting 

better health practices in communities, including those basic to the health aspects of family 

planning. 

A study is under way in Jamaica to examine the effect of health education of mothers in 

reducing infant mortality. The main causes of death to which health education is being 

directed are gastroenteritis, malnutrition, diseases preventable by vaccination and accidents. 

The initial part of the study included a survey of the mother's perception of causes of 

infant death and her understanding of reasons for getting medical assistance. The second 

part of the study consists of trials of various health education methods for teaching mothers 

how to prevent the major childhood diseases. 

4. NON- COMMUNICABLE DISEASES 

In non- communicable diseases clinical manifestations are often preceded by long periods 

without recognizable clinical symptoms; for many such diseases the primary causal factors 

are difficult to identify and there is no effective means of prevention. The prognosis may 

be favourable if the disease is diagnosed and treated sufficiently early, but so far most 

Member countries have not been able to achieve this at the level of the community. 

WHO's programme therefore includes a series of pilot studies to find out how preventive 

or control measures can be applied in the community. A number of the pilot studies reported 

below deal, for practical reasons, with a single disease; but the ultimate aim is the 

effective, comprehensive control of a number of chronic non -communicable diseases in the 

total population. Research has been oriented to measurement of the magnitude of the problem, 

and the determination of etiology. Etiological hypotheses and intervention measures have 

then been tested by laboratory and experimental research, and further tested in population 

groups. The progress of individual projects is described below. 

Work is in progress to develop a standardized registration form for hospital -based cancer 

registries and to assist them to evolve into a unified registry system. A study of 26 

registries in 22 countries showed that existing methods and procedures for the collection of 

data are not compatible and do not permit any reasonable comparisons. The aim of the 

programme is the unification of as many as possible of the data collected by the registries, 

with the simultaneous introduction of some internationally accepted classifications. The 

new methods and procedures will be ready for pretesting in 1973 or 1974. When this unified 

type of hospital -based cancer registry has been established, the subsequent development of a 

morbidity cancer data bank can be envisaged. 

WHO's epidemiological research in cardiovascular diseases concerns atherosclerosis and 

ischaemic heart disease, arterial hypertension and stroke, rheumatic fever and rheumatic 

heart disease, and cardiomyopathies. On account of their very high rate of occurrence, 

worldwide distribution, and severe and fatal complications, a large part of the research is 

in atherosclerosis and ischaemic heart disease. 

An international autopsy study of atherosclerosis has been completed. It includes 

18 000 autopsies performed in Czechoslovakia, Sweden, and the USSR, and is the first community- 
based pathological study of this kind to have been carried out. The pathology of athero- 

sclerosis in the aorta and the coronary arteries was studied comprehensively. Cases with 
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low and high degrees of atherosclerosis were compared. Analyses were made of the relation- 

ship between atherosclerosis and sudden death, cholelithiasis, hypertension, diabetes mellitus, 

malignant tumours, liver cirrhosis, peptic ulcer, tuberculosis and other chronic lung diseases. 

The possible connexions between atherosclerosis and body -build, occupation, alcohol consump- 

tion, smoking and physical activity were also investigated. 

Trace elements play a role in cellular metabolism and may be connected with the develop- 

ment of atherosclerosis. In various populations the concentration of a number of trace 

elements is being determined in food (e.g. sugar and rice) and drinking -water, the results 

being correlated with the occurrence of ischaemic heart disease and hypertension. Trace 

elements are also being determined in autopsy specimens, as well as in the fingernails and 

urine of living subjects, and the results correlated with the findings in the individuals 

examined. 

WHO has promoted the development of standard methodology for measuring physical activity. 

A book was published in 1971 describing methodology for measuring physical activity, including 

the more widely used exercise tests and the interpretation of their results for practical 

application.1 Research in the relationship between ischaemic heart disease and physical 

activity has been hampered by difficulty in making valid and repeatable measurements of 

physical activity in the everyday life of individuals in populations at risk. Since the 

heart rate is an indirect indicator of physical activity, a miniature pulse recorder is 

being developed in collaboration with the Federal Polytechnic School in Lausanne. 

A series of etiopathological studies is being carried out on the way in which altitude 

modifies the frequency, the natural history, and the functional and morphological characteri- 

stics of diseases common in low -level areas. Work supported by WHO in the Institute of High 

Altitude Research in Peru since 1966 has shown that arterial blood pressure in lowlanders who 

move to areas of high altitude does not increase in the usual way with age, and population 

studies in several mining areas of Peru at high altitudes have shown that essential hyper- 

tension is rare. Coronary heart disease and arterial thrombosis seem to be even more 

uncommon. Blood cholesterol levels are generally lower than in lowlanders in prosperous 

communities. Since 1968, research supported by WHO into cardiac metabolism in subjects 

living at high altitudes in Peru and Bolivia has been undertaken. A. study of coronary 

circulation and metabolism in males from high altitude areas in Peru and Bolivia, as well 

as in those living at sea level, suggested that high altitude hypoxia would be compensated by 

a more efficient cardiac metabolism - a finding which may partially explain why angina 

pectoris and myocardial infarction are rare among those living at high altitude. Cooperative 

research programmes in the future should investigate other high altitude areas, and for this 

purpose the development of a network of cooperating laboratories in high altitude areas will 

be required. 

Myocardial infarction registers have been developed in 23 communities as tools for . 

describing the natural history of ischaemic heart disease in population groups. The 

registers record all cases of myocardial infarctions. Standardized follow -up protocols and 

quality control measurements of reporting and follow -up procedures are automatically included 

in the operations of each register. The registers serve also a second purpose: they reflect 

the organization of medical care and the effectiveness of medical care resources in the 

treatment of acute myocardial infarction in each area. 

WHO is coordinating a randomized double-blind trial of the effect of control of blood - 

lipid levels by drugs on the primary prophylaxis of ischaemic heart disease. The trial, 

which is to last for five years, covers 15 000 persons in Budapest, Edinburgh and Prague. 

It will be completed in 1975. The prevention of ischaemic heart disease is also being 

1 Lange Andersen, K. et al. (1971) Fundamentals of exercise testing, Geneva, World 

Health Organization. 
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approached in several centres in Europe, in which WHO is promoting coordination of the 

methodology. The methods of intervention include community -based action to suppress smoking, 

to increase physical activity, to lower blood lipids, and to treat with drugs other conditions 

predisposing to ischaemic heart disease, such as hypertension and diabetes. Another inter- 

national cooperative study coordinated by WHO is concerned with rehabilitation after myocardial 

infarction. The study protocol has been developed to assess the effects of various rehabili- 

tation procedures. 

The approach to the control of hypertension at the level of the community is based on 

pilot programmes initiated during 1971 and 1972 in 15 centres, and carried out as an inter- 

national cooperative study, coordinated by WHO. The objectives are: assessment of the 

actual epidemiological and health care situation in the pilot communities, implementation of 

a programme of community -wide detection and treatment of hypertension, aided by a community - 

based information system stimulating regular follow -up, and assessment of the effectiveness 

of the programme after five years. Although designed as an operational research activity, 

the community programmes, if successful, could serve as models to stimulate the gradual 

extension of organized hypertension control to whole populations. 

The approach to the control of stroke is along similar lines. An international coopera- 

tive project has therefore been established for collection of information on the occurrence, 

natural history and actual management of stroke in 12 population groups. The study, which 

covers areas with a total population of about 1 200 000, is coordinated by WHO, a common 

operative protocol is used in order to make the data poolable. It is expected that the 

information obtained will enable comprehensive community programmes for the control of stroke 

to be established. 

The community control of rheumatic fever is approached through pilot programmes, whose 

main objectives are: (a) surveillance of known cases of rheumatic heart disease and 

rheumatic fever in a community and regular penicillin prophylaxis in order to prevent 

relapses and deterioration; and (b) study of the incidence and prevalence of the disease and 

its natural history, for comparison with other areas. Patients known to have had rheumatic 

fever and patients with rheumatic heart disease are registered and followed up. This 

involves collecting data from hospitals, school health services and physicians. In addition, 

systematic screening of high -risk groups, mostly school -age children, is carried out in order 

to include hitherto undetected cases. Studies and control programmes for rheumatic fever 

have been started according to the WHO design in Barbados, Cyprus, Egypt, Iran, Jamaica, 

Nigeria, Senegal and Mongolia. 

The Organization has promoted investigations into the clinical and epidemiological 

aspects of peripartum cardiac failure in the Hausa area around Zaria, Nigeria, and investi- 

gations into the natural history of idiopathic cardiomegaly and endomyocardial fibrosis. 

A registry of patients with these conditions has been established in Ibadan, Nigeria. In 

Kampala, Uganda, a WHO research team is engaged in the investigation of children in a rural 

area, looking in particular into the epidemiological relationship of endomyocardial fibrosis 

with rheumatic heart disease. Follow -up studies of populations in areas where Chagas' 

disease is endemic were promoted in Brazil and Venezuela. 

Mathematical approaches have been used to study the population dynamics of certain genes 

of public health importance. The population dynamics of genes under heterozygote advantage 

and in the presence of inbreeding were studied in detail and the results applied to estimate 

the level of heterosis for lethal and sublethal genes. Data on sickle -cell anaemia from 

several African populations and on P- thalassaemia from Italy and Malta were analysed. 
Estimates obtained from the proposed models showed a high degree of internal consistency 

under widely different conditions. The hypothesis that rare lethal genes, such as those 

for Tay -Sachs disease, are maintained in the human population by heterozygote advantage was 

examined. Some of the properties of a genetical system with inbreeding were examined with 

particular reference to natural selection. The phenomenon of spurious or secondary 
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association between factors in heterogeneous study populations was examined and the findings 

were applied to the interpretation of studies of the relationship between blood pressure and 

the sickle -cell trait and the apparent association between G6PD deficiency and regional 

enteritis. 

A study of the epidemiology of khat chewing in Northern Yemen, carried out through the 

American University of Beirut, complements proposed chemical studies to identify and describe 

the pharmacologically active substances in khat leaves. It is a pilot investigation designed 

to estimate the prevalence and incidence of khat leaf chewing and the feasibility of a large - 

scale study of khat chewing and its effects. The preliminary survey has been completed. 

The etiology of dental caries is being studied in Papua New Guinea. In an initial 

pilot study, information on variations in prevalence within the country was obtained. On 

the basis of the results, 16 villages with a wide range of dental caries prevalence were 
selected for an investigation of associations between the prevalence of dental caries and the 
presence of oral bacterial flora and of a number of trace and other metals in dental enamel, 

plaque, saliva, village food, garden soil. In each village, all available residents between 

12 and 24 years of age were given a detailed oral examination and samples of enamel, plaque 

and saliva were collected from each individual. The investigating teams also collected 

samples of cooked and uncooked food and of soil from gardens and gathering areas. Clinical 

and microbiological analyses of samples collected during the survey are in progress. The 

data describing the oral examinations have been centralized and are being processed. The 

results of the analyses are expected in 1974. Assuming that useful associations are defined, 

it will be necessary to establish validation tests of these associations both in the 

laboratory and, as far as possible, in human populations, with a view to the eventual 
development of preventive measures. 

Australia, Bulgaria, the Federal Republic of Germany, Japan, New Zealand, and Norway 

are participating in the international collaborative study of dental manpower systems in 

relation to oral health status. The initial pretest in Australia has been completed and the 
analysis of the first results will shortly be available. The aim is to measure the effective- 
ness and efficiency of various manpower and financial systems in delivering dental health 
care in relation to the structure of the major national organizations for dental care 

delivery. The standardized oral examination was designed to identify the type and quantity 
of disease, the nature and amount of treatment received and needed, and the accessibility, 

availability and acceptability of local services. The results of the analysis of data 
collected in this study will be used to develop alternative strategies for the development 
or revision of dental care systems under a variety of conditions. 

Since 1967 a standard basic dental epidemiological survey method has been available to 
assist countries in assessing the need for the delivery of dental care and to provide 
information enabling areas with contrasting prevalence of oral diseases to be identified. 
The latter data will be used for research on the relationship between dental diseases and 
environmental conditions. Two detailed manuals were prepared and are now in general use. 
Since 1969 more than 30 countries have been helped to implement national or regional surveys. 
Additional surveys have been carried out by WHO at the request of Member countries. By 
1972 sufficient requests for national surveys of dental caries had been made to provide the 
basis for global mapping of dental caries prevalence at the ages 12 and 15 -19, and of at 
least one group of adults. It is expected to extend the information system to additional 
geographical areas and to include measurements of other oral diseases. The extended system 
will probably involve the use of data from dental service records in maintaining surveillance 
over oral diseases and dental treatment. 

A major international programme on standardization of psychiatric diagnosis, classifi- 
cation and statistics is concerned with: (i) the study of the diagnostic process and practice 
of psychiatrists in different countries; (ii) studies of classification models suitable for 
mental disorders; (iii) training; and (iv) work on the development of internationally 
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acceptable definitions of mental disorders. Over the last eight years a series of annual 

international seminars has been held, each seminar being preceded by case -history and video- 
tape diagnostic exercises, to discuss the diagnosis and classification of different groups of 
mental disorders. 

In the framework of this programme a number of activities have taken place. One is 

a study of multiaxial classification of mental disorders in children in five European 
countries, in which a consecutive series of patients were examined in outpatient and inpatient 

services and the diagnosis classified in ICD terms and the diagnosis based on a multiaxial 
classification were compared to assess the relative advantages of the two systems. A case - 
history reliability exercise was also carried out. Another example is the preparation of 
an international glossary of psychiatric disorders, to eliminate differences in the meaning 
of terms used by psychiatrists in different countries. 

Future work in this programme will concentrate on: (i) research necessary for further 
standardization of psychiatric diagnosis, classification and statistics; (ii) training to 
enable the results of the programme to be implemented; and (iii) coordination of national 
research and training activities in this field. 

Comparative research on specific mental disorders is the second major programme in the 
field of epidemiology of mental disorders, concentrating on: (i) the development of inter- 
nationally acceptable and applicable instruments for the assessment of clinical condition, 
course and outcome of mental disorders in different cultures; (ii) the development of 
methods for the study of the prevalence and natural history of such disorders in geographi- 

cally defined populations; (iii) training in research methods used in epidemiology and 
social psychiatry; (iv) the development of methods for the assessment of the social 

functioning of mentally ill people in different sociocultural settings; and (v) the 

identification of social factors relevant to the outcome of mental disorders, and the 

development of methods to measure them. 

Several studies are under way in this programme. The International Pilot Study of 
Schizophrenia is a transcultural psychiatric study in nine countries which was begun in 1966. 
Through long -term international cooperation, standardized research instruments and procedures 
have been developed for the assessment of the clinical condition, course and outcome of 

psychiatric disorders in different sociocultural settings. The study has established that 
there are similar groups of schizophrenic patients in countries widely different in their 

sociocultural, economic and geographical characteristics. More than 1500 patients have been 
selected and examined by standardized screening procedures and research instruments, and 

they are being followed up for five years. 

A study of standardized assessment of depressive disorders is under way in four countries, 
involving a series of 600 patients. 

A study of the influence of ethnic factors on mental disorder aims at assessing the . 

influence of the cultural environment on the form and outcome of mental disorder. In 

Mauritius, African, Chinese and Indian patients and patients of European origin are being 

studied and their condition compared with that of patients in China, India, Denmark and 

Nigeria matched with the Mauritians for age, sex, social class and diagnosis. 

In the study on the influence of migration on forms of mental disorder the mental state 

of a group of mental patients living in Australia but born in the United Kingdom who migrated 

to Australia is compared with the mental state of patients born in the United Kingdom living 

in London. 

In a study on the feasibility of long -term follow -up studies in a developing country, 

three groups of patients discharged from a mental hospital two, five and 10 years ago are 

being followed up in Ceylon to establish the feasibility and cost of, and develop methods for, 

the long -term follow -up studies of mental patients. 



A26/10 

page 24 

A study on standardized methods of assessment of mentally abnormal criminal offenders 
is being conducted in Geneva and London. Preparations for a study of the feasibility of 
assessing the prevalence of mental disorders in urban areas are being made in Sofia. In the 
first phase the numbers of mental patients contacting mental and other health services and 
social welfare agencies are being established. A. household survey is to be carried out in 

the second phase. A study of methods of screening populations for mental disorders in field 
studies in a developing country has been conducted in Iran. 

Future work will concentrate on the further development of methodology for the assessment 
of different types of mental patients, particularly instruments for screening of populations 
and the assessment of the social functioning of mental patients in different countries; 
epidemiological studies of mental disorder in geographically defined populations; the utili- 
zation of results of studies carried out in different countries for the planning and evaluation 
of mental health services; and training in methods of epidemiological and social psychiatry. 

5. GENERAL RESEARCH METHODOLOGY 

New methods have been developed in the handling of chronic disease data where the 
multiple causes have to be disentangled by an analysis of extensive study material. Tech- 
niques have been devised for reducing the size of questionnaires and making them more 
efficient, by showing which questions contain the greatest amount of information. Other 

improvements have resulted from, new ways of modelling, in mathematical terms, the structure 
underlying the phenomena themselves. 

The development of interactive computer programmes based on communicable disease 

simulations has been promoted, to facilitate the teaching of epidemiology to medical students. 

Various biomedical engineering techniques have been developed to extract significant 

information from data that are strongly affected by errors and irrelevant variations. 

Although increasing efforts are being made to quantify descriptive data in epidemiological 
studies, qualitative classification is needed either because variables cannot be quantified 

or because a qualitative description is more appropriate and cheaper in a large -scale survey. 

In 1971 -1972 the theoretical bases underlying various methods of analysis were reviewed. 

Data collected by questionnaires were studied and formal relationships between different 
methods of analysis were identified. Two new approaches were developed. The first 
concentrated on the statistical aspects of questionnaire data, with a view to reducing the 

size of questionnaires to the maximum possible extent consistent with retaining a high 

proportion of usable information. Computer programmes were designed (and tested) for 

automatic analysis of the results provided by qualitative questionnaires. Data collected 

in several inter -regional programmes were used to test these methods of analysis. The 

second approach emphasized the underlying structure of the phenomena investigated. Methods 
of analysis of patient responses to questions about symptoms during the process of diagnosis 
have been developed. One method is an adaptation of latent structure analysis. Classifi- 
cation of an individual is based solely on data collected within the specific survey in 

question and does not depend, as with some other computerized methods, on external sources 
of information that may not be entirely relevant. The method also can be used to test the 
reproducibility of response patterns to standardized questionnaires. It has been tested 
by application to the diagnosis of stroke and coronary heart disease. 

The conditions of applicability of discriminant analysis techniques have been tested. 
Discriminant function analysis has been widely used in epidemiological studies in the last 

decade. It has proved particularly useful to identify which of many variables are important 

to make diagnoses or predict subsequent risk of disease. Standard methods assume that cases 

of disease are homogeneous and that all cases have identical relationships with the variables 

under study. New techniques have been developed to detect the existence of more than one 

type of case in a group identified at any one time. This information can then be used to 
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decide whether or not a discriminant function is an appropriate technique for analysis. The 

methods can also be used to test a second basic assumption of discriminant function analysis, 
namely that the covariance matrices of diseased and non -diseased groups, are similar. The 

method provides information about the extent to which this assumption is true in a particular 
set of data, and if the assumption is not true the extent to which the. deviation affects the 
results of the analysis. 

Computer programmes have been developed for several methods of classification. 

Alternative methods of analysis must be available when the assumptions necessary for discrimi- 

nant analysis are not satisfied, e.g. if there is a greater variation in measured variables 
in the sick than in the healthy groups. A set of programmes have been developed and made 
available for use under these circumstances. 

Fitting of multidimensional logistic function. Several recent epidemiological studies 
have shown that incidence data can be related to previously measured risk variables through 
a multidimensional logistic function. The method works best when the risk variables are 
independent of each other, and in fact it is difficult to compute an accurate function if 

some are highly interdependent. Alternative methods have been developed to enable computation 
of the multidimensional logistic function when some of the risk variables are interdependent. 
This technique will be of increasing value as epidemiological studies detect additional risk 
variables and the likelihood of interdependence increases. In practice it will increase the 
ability to provide accurate estimates of risk for screened individuals. 

A computer programme has been developed to provide estimates of survival in situations 
when individuals under observation are heterogeneous with regard to one or more major risk 
factors and the length of the follow -up is variable. In addition, it allows assessment of 
changes in the predictive power of certain variables over time. This provides a mechanism 
to determine the optimal intervals at which health screening should take place. 

Robust techniques for estimation of the parameters of multidimensional continuous 
distributions have been developed, which are half way between parametric and non- parametric 
estimations and combine the positive properties of both approaches to the analysis of multi- 
dimensional statistics. These techniques, which are sensitive to unknown variations in the 
underlying statistical distributions, have particularly important applications in laboratory 
quality control procedures and in the identification of normal values of physiological and 
chemical parameters in medicine. 

Several interactive computer programmes for teaching epidemiology were developed in 

Cornell University, Ithaca, New York, with informal collaboration from WHO and other 
scientists, educators and public health administrators. The programmes are designed to put 

the medical student in the position of a decision -maker who must take action in response to 
current outbreaks of disease. The programmes simulate the response of epidemic conditions 
to actions based on the student's decision and allow him to improve his strategy as a result 

of experience. 

Biomedical engineering is concerned with building devices for biology and medicine, 
particularly the development of instrumentation and data processing systems, and with the 
analysis of complex biological systems by the application of engineering science. The cost 

of large -scale population -based epidemiological studies often prohibits the collection of 
sufficient objective data to provide conclusive results. The limitations are due both to 

the restriction in the amount of information collected and to the limitation of techniques 
for the codification and transmission of data. Two different approaches have been taken to 
deal with the problem. One is towards the acquisition of source data in a computer - 
compatible form, the other towards new methods of processing epidemiological signals. The 
first approach led to the development of a number of portable instruments, namely a data 
acquisition and retrieval system, a coordinate digitizer, a cardiac interbeat interval histo- 
gram recorder, and a biomedical image processor. A feasibility study was carried out on a 
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programmable interview processor designed to detect logical errors in epidemiological 
interviews. The second approach led to the extension of signal analysis techniques to 

epidemiological problems. These techniques are used to extract information from a noisy 
background. Their application will be important for data from longitudinal studies, where 
trends, fluctuations, and correlations are often obscured by a number of random elements. 
New techniques have been used to improve the signal -to -noise ratio and represent long studies 
of data in a compact and meaningful form. Progress has been made towards the extraction of 
trends and fluctuations from slowly varying biological signals. 


