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laboratory work or research. There are so many difficulties in sampling 
and handling specimens in large-scale investigations that a semi-quanti­
tative level might well be justified. 

Automation 

The second important trend is laboratory automation, on which 
intensive work has been done with promising results. The first clinically 
important analytical robot was the AutoAnalyzer. In screening, the 
most usual way of achieving sufficient capacity has been to arrange for 
several AutoAnalyzers to work in parallel. In such a way extensive 
systems have been assembled, capable of carrying out a large battery 
of well-known tests. 

Many improvements that are of interest in screening have been made 
on AutoAnalyzers. With the multi-channel equipment now available 
a number of drawbacks have been overcome that were troublesome 
in large-scale investigations. Examples are : patient identification with 
numbering of samples, peak detection and reading, calibration, analogue­
digital conversion and automatic print-out. 

Analytical programmes have gradually become directed towards 
screening needs, and for AutoAnalyzers there is now a large variety of 
procedures to choose from. 

In Sweden, experience of an automatic system for chemical mass 
analysis-partly based on AutoAnalyzers-led to the devising of new 
equipment, called the AutoChemist, working with discrete samples and 
including a small computer. 263 The AutoChemist has a very high 
capacity, being designed for mass analysis. Theoretically it can process 
some 500 thousand to 1 million samples per year, with20 or more analyses 
on each sample. In practice, factors other than the analytical work-load 
are usually decisive for normal operation, but with a fixed analytical 
programme-as in screening-conditions are especially favourable. 
The maximum efficiency-up to 150 specimens per hour and up to 
40 different analyses on each sample-is likely only to be needed periodi­
cally, but it is advantageous for managing a high load temporarily. 
The AutoChemist has 24 fixed analytical channels for different tests­
chemical, as well as bacteriological and serological. 

Handling such an apparatus is extremely simple and personnel­
saving. Loading is done on one side of the apparatus, and the samples 
are returned on the other side, on a similar transport belt, after analysis. 
The inclusion of a small, desk-size computer is very useful for screening 
purposes-e.g., editing the format, sorting and checking. Recording 
takes place "on line" by automatic print-out on a teletypewriter with a 
paper-tape punch. 
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TABLE 20. SURVEY OF SCREENING PROCEDURES 

Manual method Fully automatic Comments on 
Test available for procedures automatic large-scale available with methods usc• high speed• 

BACI'ERIOLOGY 

Growth (selected media) + + Turbimetric 
Bacterial count (+) + Indirect counting 

CHEMISTRY 

Urine: 
Sugar + + Automation 
Ketone bodies + + economically 
Protein + + reasonable only 
Urinary sediment (+} - on a large scale 
Bacteriuria + + 
PKU (see also phenylalanine 

in blood) (-} + Fluorimetric 

Blood, carbohydrates : 
Sugar + + 
Galactose (-} + Enzymatic 
Total protein-bound hexose - + 
Sialic acid (+} + 

Blood, lipids: 
Cholesterol + + 
Beta-lipo.Erotein + + Turbidimetric 
Total lip1ds + + 
Phospholipids - (+} 
Non-esterified fatty acids (NEFA) - (+} 
Triglycerides (+} (+} Fluorimetric 

Serum protein: 
Total protein + + 
Albumin (+} + 
Zinc sulfate (gamma-globulin) + + Turbidimetric 
Electrophoresis (+} -
Haptoglobin (+) + 
Transferrin (+} + 
Thymol turbidity + + 
Ceruloplasmin - + Non-specific test, 

still on research 
Enzyme activities: level 

Transaminases + + 
Phosphatases (+} + 
Lactic acid dehydrogenase (+} + 

Non-protein nitrogenous compounds: 
Creatinine + + 
Urea, blood urea nitrogen (+} + 
Non-protein nitrogen (-} -
Uric acid (-} + 
Phenylalanine (+} + Fluorimetric, better 

than urine test 
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TABLE 20. SURVEY OF SCREENING PROCEDURES (concluded) 

Manual method Fully automatic Comments on 
Test available for procedures automatic large scale available with methods use• high speed• 

Electrolytes, etc.: 
Sodium/potassium (+) + Of little value for 

Calcium/phosphorus (-) 
screening 

+ 
Serum iron (+) + As supplementary 
Iron-binding capacity (+) + haematological 

test 

CYTOWGY 

Va~inal smear (+) (+) Results from 
Unne (-) (+) electroscanners 
Cancer cells in blood (-) (+) still experimental 
Sputum (-) -
HAEMATOWGY 

Haemoglobin + + 
Cell counts + (+) 
Differential count (-) -
Erythrocyte sedimentation rate (+) - Can be reblaced by 

protein- ound 
carbohydrate 
tests 

Haematocrit (+) (-) Semi-automatic 
-electronic-
methods available 

SEROWGY 

Wassermann reaction (+) (+) Large-scale 
VDRL, etc. + (+) automatic 
RA (rheumatoid arthritis factor) test + + methods may be 
Antistreptolysin, etc. + (+) available at high 

cost 

MISCELLANEOUS 

Blood (faeces, urine) + - Semi-automatic 
Protein-bound iodine - (+) methods have 

been tried 
Polarography - + Non-specific test 
6-phosphoglucose dehydrogenase (-) + Still on a research 

(vagmal washing) level 

a (-) denotes that by expensive means and special organization a fairly high degree of effectiveness 
can be attained; 

( +) denotes that under certain circumstances large capacity can be reached. 
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It seems likely that technical evolution in the domain of automatic 
analytical apparatus will aim at an increasingly high speed of analysis. 
The essential feature, however, appears most likely to be an increase in 
the number of types of analysis. There seems to be a distinct tendency 
to erase the frontiers between chemical, bacteriological, serological, 
haematological and other procedures. This implies that equipment, 
basically an electro-mechanical device for automation of analyses, will 
be relatively similar for very different tests. The decisive factor for the 
apparatus system will be the choice of tests or screening. 

Theoretically, almost any method can be automated. The analy­
tical technique may be based on well-known procedures but needs to 
be modified and adjusted to the automatic machine. In practice, 
however, the difficulties and costs often become so great that other ways 
are sought to evolve equipment, and completely different methods of 
getting the desired information are tried. 

In order to give an idea of what might be of interest for screening 
purposes, various methods are listed in Table 20. The list is by no 
means complete, and important advances are continually being made. 

In some cases, screening needs may promote automation. For 
instance, microbiological determination of vitamin B12 may be used on 
a large scale as a screening procedure. 

AUTOMATED MULTITEST LABORATORIES 

The most important methodological progress in this field has been 
made by Dr Morris F. Collen and his collaborators. Automated 
multitest laboratories in the Kaiser-Permanente medical centres in Cali­
fornia have been arranged when advanced examination techniques have 
been adopted for periodic health examinations on a large scale. 260 •261 

In many ways, the organization and equipment indicate new trends, but 
are safely grounded on long experience. The project is expensive, but 
many details are of interest even to those whose resources are limited. 
Moreover, if its clinical worth is proved, the benefits in medical care 
could offset the capital and running costs. 

The examination programme includes the following: 

(1) ECG with 6 leads, combined with phonocardiogram. Results 
are recorded by mark-sense cards, but the intention is to evaluate the 
ECG by computer analysis. 

(2) Glucose load test: 75 g of glucose in 240 ml of water; blood­
sugar level determined after 1 hour (if slightly elevated also after 2 hours). 

(3) Chest X-ray with 70-mm film, postero-anterior projection, read 
by a radiologist. 
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(4) X-ray mammography on women over 45 years of age. Cepha­
locaudal and lateral views of each breast are taken ; mammographs are 
read by a radiologist. 

(5) Supine pulse rate and blood pressure. Recorded manually on 
mark-sense cards. 

(6) Visual acuity by reading a wall chart, as well as pupillary escape 
test. Mark-sense card recording. 

(7) Tonometry. The intra-ocular pressure is noted on mark-sense 
cards. (At the same time the left pupil is dilated for later retinal photo­
graphy.) 

(8) Vital capacity and one-second forced expiratory rate, recorded 
manually on mark-sense cards. 

(9) Hearing test by automated audiometer, with the graphed readings 
transferred to a mark-sense card. 

(10) Questionaries. (1) One medical, self-administered, in the form 
of 207 pre-punched cards, each with a single question. The patients 
drop the cards in boxes with "yes" or "no", and a card-reading machine 
records the results. (2) A psychological questionary, also self-admi­
nistered. 

(11) Blood tests: haemoglobin, white-cell count, Venereal Disease 
Research Laboratories' test for syphilis (VDRL), rheumatoid factor 
(latex fixation slide test), blood groups and eight chemical tests (serum 
glucose, creatinine, albumin, total protein, cholesterol, uric acid, calcium 
and transaminase) carried out by AutoAnalyzer and the results directly 
punched on cards. 

(12) Urine tests: for bacteriuria (chemically) and for pH, blood, 
glucose, and protein by paper-strip tests. 

(13) Retinal photograph, read by an ophthalmologist. 
(14) Weight and skinfold thickness are measured manually. Height 

and transverse body measurements are automatically recorded on punch 
cards. 

Routinely, all patients above 40 years of age are recommended 
sigmoidoscopy, and for women a gynaecological examination with 
cervical smear is also recommended. 

The automated multitest laboratory has its own data centre. The 
computer plays an important role as an integrating part ofthe laboratory. 
Automatically, the computer prints out the summary report for the 
physician. The capacity is exceedingly high, and routine examinations 
of 4000 people a month are reported. For details, the reader is referred 
to the reports in the literature. 

Generally speaking, this is an indication of a possible evolution, at 
any rate in countries with good resources. One difficulty may be satis-
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factory co-operation with the physicians. In California such co-ope­
ration has been achieved, but in other parts of the world the conditions 
may differ. 

It is interesting to note that such a laboratory centre can utilize 
equipment and methods that elsewhere might be impracticable or too 
costly. Thus it can help to develop and test methods specially suited 
to screening. Such possibilities for research are certainly most welcome. 



CHAPTER 6 

CONCLUSIONS 

Reviewing the subject of early disease detection, it is clear to us that, 
although for a number of years there has been an increasing interest in 
screening among both the medical profession and the public, we are 
still at a very early and comparatively primitive stage in the systematic 
detection and treatment of early disease. For some conditions we have 
powerful methods of detection, but we do not yet know the effect of 
early treatment (e.g., diabetes mellitus); for others we are still experi­
menting to find satisfactory tests (e.g., chronic simple glaucoma); for 
only a relatively few conditions are there at present well-tested and 
successful means of pre-symptomatic detection and treatment (e.g., 
cancer of the cervix), and even here there are certain qualifications. 

It is therefore important to ask ourselves in what particular respects 
is further investigation, promotion, or education needed. These are 
big problems, affecting whole populations and carrying the implications 
of radical changes in emphasis in the practice of medicine towards 
prevention, and it may be helpful to consider some of the possible ways 
in which these aims may be realized, point by point. 

NEED FOR FURTHER EPIDEMIOLOGICAL INVESTIGATIONS AND 

THE ALLIED NEED TO ACiflEVE STANDARDIZATION 

Too often in the past people have undertaken work in different 
countries on the same disease condition, only to find at a late stage that 
each group has been using differing definitions and therefore getting 
different results. This has happened, for instance, with carcinoma-in­
situ of the cervix uteri and with glaucoma simplex. At the same time 
there is so much work to be done in areas where it is necessary to examine 
large populations at a low risk for the condition under study that great 
advantage would be gained if results could be pooled or at least intelli­
gently compared. 

-146-
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WHO has already played a large part in fostering co-operative 
international studies. As we have seen, WHO expert committees or 
seminars have considered many of the chronic diseases, notably tuber­
culosis, non-specific respiratory disease, anaemia, malnutrition, high 
blood pressure, ischaemic heart disease, diabetes mellitus, mental illness 
and the cancers. In some instances (e.g., with anaemia, cardiovascular 
disease and diabetes) special attention has been paid to reaching inter­
nationnaly acceptable definitions. 

Two conditions that we believe still need internationally accepted 
definitions are carcinoma-in-situ of the cervix and glaucoma simplex. 
Of course, reaching acceptable definitions, diagnosing, and then discov­
ering the effect of treatment are lengthy processes entailing much pains­
taking work by teams of investigators. The need to establish the sensi­
tivity and specificity of screening tests and the effect of early treatment 
are the reasons for the epidemiological surveys to which we have paid 
such attention in this report. Surveys are, however, undertaken for a 
number of reasons, and the object of investigating the feasibility of pre­
symptomatic diagnosis and treatment may not always be one of those 
reasons. There is a need for a clearing-house for information about 
epidemiological studies directed towards the development of screening 
techniques and for reminding those contemplating the initiation of 
studies that future screening possibilities might be borne in mind during 
the planning stages. While there is, in our opinion, everything to be 
said for the value of developing screening by ad hoc studies of individual 
conditions, so broad is the field of early disease detection that the whole 
field needs to be kept under continuous review. 

Conditions for which, in our view, more organized epidemiological 
work is urgently needed are dealt with in the following paragraphs. 

Carcinoma of the uterus 

More well-planned trials of the effect of cervical cytology on mortality 
are badly needed. At present we are largely relying on studies carried 
out in British Columbia, in some United States cities, such as Memphis, 
San Diego and Louisville, in Norway and in Great Britain, all of which 
have drawbacks as regards either population size or epidemiological 
acceptability. 

Glaucoma simplex 

Two or three small studies have suggested that previously accepted 
screening criteria are inadequate. There is need for more studies of 
this kind, conducted in such a way that results would be comparable. 
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Mental illness 

This is quantitatively a vast world problem yet little can at present 
be done about its early detection and treatment. Surveys which are 
aimed at defining early mental disease and at establishing acceptable 
diagnostic techniques, and which incorporate controlled trials of treat­
ment, are badly needed. 

Asymptomatic bacteriuria 

There is more than a suggestion that undetected urinary infections 
early in life may lie at the root of much crippling arterial hypertension 
in later life. Early diagnosis and prompt treatment could potentially 
have a very important impact. Surveys are being carried out but, in 
view of the importance of the ultimate condition, the problems of the 
significance of bacteriuria might be attacked on a larger scale, as well 
as by longitudinal studies starting in infancy. 

Cancer of the breast 

We are still ignorant of the effect of diagnosing breast cancer before 
symptoms are reported. At present, advances in clinical treatment have 
had disappointing results and mortality remains little affected. At 
least one large-scale mammography survey is in progress217• In view 
of the long time that must elapse before an effect on the death rate can 
be seen, it may perhaps be wise to ensure that ,valid results will be 
obtained in as short a time as possible by at least duplicating the work 
elsewhere. The preventive value of breast self-examination has never 
been adequately assessed, so far as we are aware, and, since this is much 
cheaper, safer and generally more practicable than X-ray mammography, 
it seems most important that its value (or otherwise) should be known 
for certain. The value of self-examination might be tested by comparing 
two populations, trial and control. If the technique were shown to be 
truly beneficial it should become much easier to propagate it more 
widely. 

Lung cancer 

The appalling prognosis for lung cancer, even when detected radiolo­
gically at the earliest possible stage, calls for more work directed towards 
better screening methods and, if possible, prevention. Is seems likely 
that cytological examination can show abnormal cells in the sputum at 
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a pre-cancerous stage, which could lead to localization of cancer in a 
bronchus before it appears radiologically. There is need for more 
work on these lines, with agreed standards of cytological nomenclature, 
diagnostic procedures and follow-up arrangements. 

High blood pressure. 

Trials have been carried out which demonstrate the value of hypo­
tensive drugs in improving the outlook for people with an advanced 
degree of essential hypertension. So far, however, there is a lack of 
published work on the effects of treating minor degrees of essential 
hypertension, although it is clear that even small sustained rises in blood 
pressure are associated with a reduced life expectation. We know of 
two such randomized controlled trials but, with new drugs now becoming 
available, more trials might profitably be carried out. The unpleasant 
effects of some of these drugs are a real drawback, but the newer prepa­
rations are reported as having fewer side-effects. 

RECORDS 

For the selective screening of high-risk groups of the population a 
sine qua non is the ability to know who constitutes these groups. It 
may, of course, be enough to issue a general invitation to a particular 
group (e.g., adult women for cervical cytology); but there is always a 
strong possibility that those persons at highest risk may opt out. It is 
therefore often more successful (as well as better public relations) to 
issue individual invitations to attend by appointment. In the type of 
surveillance from a health centre or group general practice to which 
we have referred, individual invitations are essential. In order to draw 
particular groups in large numbers from the population, records capable 
of being dealt with by automatic data-handling methods are needed. 
In practice this may be difficult, both from the point of view of the design 
of a suitable record and what should be put on it and from the point 
of view of keeping the information confidential. In general practice, 
for example, the patient's medical record is likely only to be handled 
by physicians or those in his close confidence. But in the future, it 
seems likely that we must expect general practitioners' records to be 
handled at data-processing centres. How is this to be done without a 
breach of confidence? It appears to us, therefore, that the design and 
handling of records is an important and urgent problem. 
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ECONOMICS 

Considering its importance, surprisingly little is known about the 
economics of early disease detection. Most probably this is because 
screening has so far been largely experimental and the question of its 
economic cost has not arisen. Certainly, in the case of screening for 
tuberculosis, a good deal is known about the cost, since this was intro­
duced as a service long ago. It would be valuable to study the cost of 
screening for different conditions, either alone or in combination, under 
different systems of medical care. Undoubtedly the arrangements for 
medical care in some countries are at present more suited to early disease 
detection than those in other countries. Comparative, and comparable, 
economic studies of this sort would be useful. 

EDUCATION 

Practicable techniques for screening for early disease are now avail­
able, but still, as a profession, medical practitioners continue to see 
clinical conditions for the first time at a late stage of development, when 
treatment is less likely to be successful. Also, clinicians in general are 
too oriented towards conventional diagnosis and treatment to think 
readily in preventive terms. Thus there is much room for improving 
both the attitude of the public and the attitude of the profession to the 
early detection of disease, as we have pointed out in Chapter 3 (page 75). 
Hitherto diagnosis has been the province of the clinician, who has been 
concerned mainly with the individual patient. It has been possible to 
have a high standard of clinical practice co-existing with poor over-all 
medical care, owing to an unequal distribution of resources. Implicit 
in early disease detection (cervical cancer screening, for example) is the 
idea of extending preventive clinical medical services to a whole com­
munity, and this in turn postulates a new way of thinking about the 
medical and auxiliary professions. The medical profession itself, and 
the public, may therefore be on the verge of a revolution in their attitude 
to clinical (as opposed to traditional) preventive medicine, and there 
should be good opportunities to influence the course of medical and 
public education so as to further, to the best advantage, this changing 
approach. New departments of general practice, post-graduate insti­
tutes, departments of social medicine and the like are growing up. These 
should promote the training of physicians and the dissemination of new 
ideas through attachments and fellowships and by facilitating inter­
changes. 
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