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ABSTRACT

This thesis is concerned with the investigation of disease patterns
at the intermediate or regional levél, in relation to the existing frame-
work provided by a number of recent surveys of disease mortality at the
national scale, The latter had drawn attention to the particularly poor
disease experience of County Durham in relation to the rest df_the United
Kingdom. & number of previously unmapped data sources, particularly in
the case of morbidity, are investigated with the aid of some originsl
cartographis devices and data handling techniques, which are deseribed
in chapters two, three and eight.

Chapter four is concerned with a geographical analysis of three
‘consecutive epidemic cycles of measles during the period 1961-65. The
epidemiological significance of living density in the determination of
diffusion patterns is deﬁonstrated, and atmospheric pollution is invoksd
as a possible aetiological factor in the initiation of epidemicity.
Chapter five deals with a similar detailed study of the geographizal

distribution of tuberculosis, and particularly the respiratory form of

the disease, in County Durham as a whole. The influence of density factors

(particularly overcrowding) socio-economic status and housing conditions
upon the disease pattern is investigated by means of multiple regression
techniques. Chapter six provides a more detailed study of the relationship
between housing and respiratory tuberculosi§ for three selected local'
authorities in south-central Tyneside. Chapter seven represents a by-product
from the main lines of ingquiry, and is concerned with the possible involve-
ment of iron ore dust as an aetiological factor in the causation of ceriain
ill-defined stomach disorders at Consett during the winter of 1964-~65.
Section IIT concludes the study with a preliminary survey of
mortality patterns in County Durham, between 1963-67, for the major causzes
of death. A number of .tentative conclusions are drawn ron thase distrd-

bution maps, but ecnly where the evidence appsars to be consistent with



i1l

acceplted medical theory.
It should be noted that {wo pepers embodying the partial resulis
of this investigation, and in particular chapters two and nine, have

already been published.
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SEGCTION I

AIMS AND METHODS

"He who, whether by original observations, or by legitimate
deduction drawn from the observations of others, shows the identity
of , or points out an analogy between disorderé hitherto commonly
thought to be distinct and dissimilar complaints, by so far as he
accomplishes this does he assist in simplif&ing medicine, and con-
sequently, contributes towards its advancement, theoretically as

well as practically.”

George Todd (1855)
Trans. Epid. Soc. London p.82




Chapter 1.

Introduction

1.1. Introductory remarks

The mapping of disease and the subsequent analysis and interpre-
tation of the resultant patterns is a fundamental yet surprisingly
neglected application of the geographer's craft. -“The whole field is
wide open but the difficulty is to krow where to begin." (Banks,
1959:206). The breadth and complexity of the subject matter, and the
inherent difficulties of obtaining, processing and anslysing the
medical statistics cannot be denied. However, the gsographer, by
virtue of his basic training, is well equipped to tackle this type of
investigation, in which "strands must be drawn from a diversity of
sources to provide an overall synthesis" (Learmonth, 1961:19). Ideally,
the geographer should be just one member éf an interdisciplinary research
team, which directs its attention towards the solution of specifie
medical problems. In practice this is rarely possible, and as a result
the geographer has so far been forced into a position in which he is
primarily concerned with fhe production of disease maps per se: the
subsequent analysis and interpretation of the patterns being lef't almost
exclusively to medical practitioners. As Stamp comments, "medical men
with the requisite training and skill are rare. On the other hand, geo-
graphers with cartographic training and skill have rarely the medical
knowledge to handle the data available" (Stamp 1964:1#). However, with
the increasing application of new and more sophisticated geographical |
techniques, it is proving possible, indeed almost obligatory, for the
geograrher to penetrate more deeply into the disease patterns he has
defived; to compare these with the distribution of other known variables,

and then to suggest what appear to be reasonéble hypotheses on the basis
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of the e¢vidence before him., In this way, more conventional and
sophisticated medical enguiry is eble to utilise available resoufces
more efficiently, by focussing its attention on the more striking
anomalics suggested by the disease maps. It is also possible for the
medical research worker to compare his own findings with the results
obtained by a completely diff'erent and independent line of enquiry.

Although a number of historical references ;re intfoduéed.in
sections dealing with specific disease categories, it is not the
purpose of the study to present a comprehensive review of major studies
in ﬁedidél geography. Nevertheless, it is perhaps worith noting here a
limited selection of scurces which proved to be particularly valuable
during the initial stages of the research programme.

A most useful summary of the historical evolution of medical
geography is contained in Howe's "Naticnal atlas of disease mortality
in the United Kingdom" (Howe, 1963 & 1970). A similar bibliographical
review of statistical aspects of the subject was undertaken oy Serfling
(1952) in his "Historical review of epidemic theory". In addition, the
B,Litt. thesis by Paula Cook (1963) entitled "The geography of human
disease" provides not énly a glossary of major terms, but also an out-
line of the more important statistical techniques which are available
to the geographer. Of a more general natufe, Gale's (1959) “"Epidemic
diseases", and Clark-Kennedy's (1957) "Human disease" were found to be
extremely useful as introductory texts to a totally unfamiliar field.

At first sight the study of medical geography might be regarded
as a peripheral and rather specialised area of geographical activity
and concefn, dealing as it does with an immense diversity of knowledge.
Indeed, "no class of geographical factors has been shown to be without
influence on the disease pattern." (Banks 1959:215) However, if one

regards the study of geography as being concerned with 'human ecology'




in its broadest sense, then the study of the spatial distribution of
disease emerges as an impoftant core clement in the overall discipline,
since it constitutes an extremely significant contact zcone between man
and environment. Viewed in this way, health mey be regarded as an
approach to & state of total adjustment of man to environment, while
ill-health or disesse springs from a maladjustment or imbalance in this
relationship. Unfortunately, the definition of good health (or 'well-
being', the term used by W.H.0.) proves extremely difficult to define

in concrete terms, since such a state is not automatically achieved és

a result of an apparent absence of clinical manifestations of disease.

As a result it is usually necessary to adopt a rather indirect apprcach -
viz. the investigation of disease, or the deviations from good health -
in order to assess the relativé health of the population under considera-
tion.

It is perhaps misleading to refer to disease in genural, since the
term embraces a multitude of types and conditions, ranging in severity
from the trivial to the ultimate of death. "Disecases manifest ﬁuitiple
personalities just as do living creatures and social institutions. The
various moods which they display in different circumstances and at any
given time reflect the dominant aspect of the relationship between the
disease process and the life of man in society"™ (Dubos and Dubos, 1953).
Consequently, each category of disease should be regarded as presenting
an entirely different problem, often demandiné a completely new approach
end the application of a totally different set of techniques. In each
case, the geographer must be ready for the unexpected, and must be pre-
pared to adapt his line of approach accordingly. Preconception should

not be allowed to preclude the improbable.

1l.2. Mortelity

Thus far studies in medical geography have tended to concenitrate




upon the mapping of mnrtality statisties. Deatb is a finite event which
can be established both in time and space, and as such it is only very
rarcly likely to go unnoticed or unrecorded. In England & Wales, death
registration has been legally required since 1875, although in practice
mortality records are avzilable for most areas of the country long
before that date. Despite the universality of death registration,
there are a number of important limitations which must be borne in mind
during subsequent analysis. The most significant o' these are hriefly
discussed below.

Firstly, death rarely results from a single cause, althocugh for
the purposes of registration only one cause of death may be recorded.
In & study in the United States of America, Krueger (1966) found that
in 58% of all mortality record$ two or»more causes of death were
mentioned on the death certificate. For individuals aged 85 or over the
figure rose to 72%. In many cases it is extremely difficult to distin-
guish between the primary cause of death (which will be used in the
compilation of mortality statistics) and the secondary cause(s). “Death

due to pneumonia, for example, may be the coup de grace that occurs at

the terminal end of the biological gradient but may mask the basic cause
of mortality" (Banta and Fonaroff 1969:89).

Secondly, a severe source of error can be introduced as a result
of incorrect diagnosis of the cause of death. Quite obviously this will
inevitably depend to a large extent on the digénostic expertise of the
medical practitioners involved. A recent study by Heasman and Lipworth
(1966) demonstrated the disparity between initial clinical diagnosis of
cause of death, and that subsequently estsblished bty detailed pathological
éxamination. In only L45.%% of cases (out of a total sample of 10,000
deaths) was agreement found between the initial and subsequent diegnoses.

It was discovered that tuberculosis, lung cancer, bronchitis and cancer
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of the liver were under-diagnosed for this reason, while cancer of
the stomach, diabetes and cerebral hacmorrhage were overmrepresenfed.

A third, although less significant, source of error is introduced
into the data through deliberate misregistration of the true cause of
death by general practitioners. This may ocecur as a result of pressure
ffom the family of the deceased wishing to suppress or conceal the
fact that death resulted from a disease which is disapproved of by
society at large - e.g. syphilis or alcoholism. Alternatively, the
doctor may record a 'convenient' cause of death, such as cancer of the
stomach, instead of the 'true' or suspected cause which may prove cwn-
siderably more difficult to diagnose - for example cancer of the spine.
The latter diagnosis might well involve thé doctor in the added comrli-
cation and trouble of arrangihg ar official autopsy.

Fourthly, the place of death may not necessarily corregpond with
the normal place of residence. Indeed, in a worid of" inc.easing mobility
it is becoming progressively more difficult to relats the death location
to the area in which the individual lived for the greatg? part of his
life. For example, a Sheffield steelworker'moving te the south coast of
England upon retirement,and dying a short while later of bronchitis, is
thereby creating an ancmaly in the overall pattern éf disease, since nis
death must inevitably be regarded as a manifestation of particular
aetiological factors which are not represented in the place of death.

In the same way, the increasing diurnal migfation of populaticn,
generated as a result of journey to work, makes it even more difficult
to investigate precise relationships between disease and environment
in terms of mortality experience. Furthermore, in thz case of some
chronic and degenerative diseases, death may occur perhaps twenty or
thirty years after the initial onset of' the disease. During that time,

the particular environmental circumstances responsible foi eliciting




7

the initial symptoms of discase - e.g. bad housing conditions, poor
nutritional standerds or air pollution levels -~ may have been entirely
erased from the landscape or society. For this reason it is important
to keep in mind certain historical perspectives when attempting to
analyse more recent mortality patterns. -

Since 1952 deaths occurring in hospitals have 5een re-assigned to
the place of normal residence of the patient. Since 1957 deaths
occurring in other institutions such as 0ld people's homes ha;e been
similarly re-assigned, provided that the deceased has not becn.continu—
ously resident in the institution for more than six months prior to
death (Hewitt 1956). This has had the effect of reducing the substantial
over-registration of mortality in the urban areas, where most hospitals
are located.

The present manual of causes of death, prepared by the World
Health Organisatibn (seventh revision, 1958) recognises 1,000 categories
of mortality, each of which is assigned a unique reference code., For
general pufposes, this list is normally abbreviated to 50 majgy group
headings, ;lthough in England & Wales the Ministry of Health and tﬁe
Registrar General employ a2 classification 6f only 36 major»causeé of
death. Unfortunately, the rapid advance in medicalvknowledge and the
corresponding refinement of diagnostic procedure has meant that the
system of classification itself has had to undergo a significent evolu-
tion. Accordingly, extreme caution must be exercised when attempting
comparisons of mortality experience over protracted time periods. Iu
most cases it is necessary to make quite extensive adjustments to the
mortality data to make allowance for classificatory changes - see for
example the study prepared by the U.S. Department of Health, Education
and Velfare (Campbell 1965) concerned with mortality trends in Bngland

& Wales.




1.3, Horbidity

Since a particular individual experiences a considerable number
of distinct episodes of illness during his lifetime, the analysis of
mortality patterns alone provides an inadequate picture of the health
status of a population. Unfortunately, ill-health or ‘morbidity' is
an extremely difficult phenomenon to measure, or even to define. Logan
and Brooke (1957:16), recognising the subjective nature of morbidity,
state simply that "a person is ill if he feels ill". However, if this
latter definition is adopted, the more significant elements of the
morbidity pattern tend to become obscured by the mass cf trivial com-
plaints and symptoms. In this context Logan and Brooke (1957) report
that during the first quarter of 1951, which was dominated by a severe
epidemic of influenza, a morbidity rate of.75% was reported for England
and Wales. The figure for the cérresponding quarter of the preceding
year was 71%: or only 4% lower!

Whereas mortality can usﬁally be precisely recorded in both time
and space, there are a considerable number of difficulties in making
similar mea%urements in the case of morbidity (Senders 1964). In the
first place, a single episode of illness may extend over e protracted
time period, particularly in the case of an insidious disease such as
tuberculosis. As a result it may prove extremely difficult to ascertain -
"with any degrée of certainty fhe actual date of onset for the disease,
Secondly, an individual may experiepce.a number of separate bouts of
the same disease, thereby further complicating the recording process.
Thirdly, it should be recognised that a single disease type may elicit
totally'different responses among its victims. Thus, whereas one person
may eventually die from an attack of influenza, another may experience
only a sub-clinical attack, and be completely unaware that he has in fact

contracted the disease (Bailey 1955:51). Moreover, evidence seems to




suggest that the nature of specific diseases js cupeble of substsniial
matation through time,., This applies ﬁarticularly to the virmleuce of
the more common infectious diseases such as measles and scarlet fever,
both of which were recgarded as very ssrious afflictions at the turn of

the century (Anderson 1957:192).

l.4. Data sources

Even today, medical statistics for most countries in the world
are incomplete, if not totally unavailable. As a result, variations
in disease incidence between countiries may often orove to be mové
apparent than real, in so far as they may reflect vasic differences in
the completeness and accuracy of data collection. As Banks (1959:21%)
comments in connection wi£h the valiant work of Jacques May {1950a) in
mapping disease at the world scale, “the maps form at éne and the same
time an atlas of disease and an atlas of ignorance...... alas! We still
lack the facts only too often."

Nevertheless, the situation in much of the developed world is far

more encouraging. In the case of the United Kingdom, a comprehensive

- system of disease registration has existed since the end of the nine-

teenth century. Registration of births and deaths, together with a
selected number of notifiable diseases, is required by lew, and this
has yielded & considerable wealth of published statistical material for
a substantial time period. In addition, a far greater store of materizl
remains unpublished and virtually untouched from a research point of
view. This material is held both in the local authority health offices

and in the files of individual general practitioners. These latter

.sources provide the medical geographer witnh the opportunity of delving

into more local patterns of disease.

l.4.1l. Published sources

The Registrar General's Statistical Review which is published
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annually, devotes part I entirely to medical statistics. MNortality

is tabulated by cause for the administrative counties of Eangland and
Wales and the county boroughs. The aﬁnual totals of notificotions for
a number Sf inflectious diseases are also given for individual county
boroughs, together with the urban and rural totals for each of the
administrative counties,

The Registrar General also publishes a decennial supplement to
the census returns entitled "area mortality", waich, althocugh not
yielding a greater spatial division, does at least provide a comprehen~
sive age breakdown for the major causes of death. The major disadvantage
of the Supplement is that, although the data refer to a census yeér
(e.g. 1951), they are not usually available until seven years later
(i.e. 1958).

0f a more general statistical nature are a series of papers pro-
duced by the General Register Office and entitled "Studies on medical
and population subjects". The topics vary widely, and include "Cancer
statistics for England and Vales", "General practitioners' statistics",
and "Hospital morbidity statis;ics: a preliminary study of inpatient
discharges". In the main they are non-geographical in approach, and
consequently rarely attempt to investigate the distributional patterns
of the hedical data presented for units less than the standard region.
As such they can only provide a useful summary, and 2 wider frame of
reference for more detailed study.

In addition, the General Register Office produces a weekly return
of statistics for England and Wales, entitled “Births and deaths,
infectious diseases, weather". In particular table II tabulates the
number of births and deaths - distinguishing deaths of infants under
1 year of age - during the period of one week, for individuzl counties

of England and Wales, and by cause. Table IV records the "Notifications
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of Infectious Discases in the week ended (e.g.) 3vd April 1970". The
data for the latter table are given by local authority for the
following 25 selected categories of infectious disease:-

Scarlet fever, whooping cough, measles, acute poliomyelitis
(paralytic and non-paralytic forms), tuberculosis (respiratory
form), tuberculosis of the meninges and C.N.S., diphtheria,
smallpox, cholera, plague, tuberculosis (other forms), menin-
gococcal infection, anthrax, infective acute encephalitis,
post~infective acute encephalitis, typhus fever, relapsing
fever, dysentery, ophthalmia neonatorum, puerperal pyrexia,
acute pneumonia, paratyphoid fever, typhoid fever, food
poisoning. (1

l.4.2. Unpublished sources

Data for the official returnz noted above are supplied by
individual local authorities, who maintain two separate running
registerse One records mortality and the other morbidity. These
registers are themselves compiled from the records of the local regis-
trars of births and deatns, and from reports submitted by medical
practitioners.

The mortality register, which in some cases is only retained
for a period of twelve months, records details of the date of deatn;
name, sex, age, occupation and place of usual residence of the deceased;
together with a statement of the major cause(s) of death.

The notifiable disease register, available in most cases for a
much longer time sequence, records the name, sex, age and address of
the patient; the name of the recording doctor; the date of nospitali-
sation (if any); and the nature of the disease. In a limited number of
cases a separats register is kept of tuberculosis notifications in an

effort to preserve a measure of confidentiality.

lolio3 Statistical limitations and considerations

Some of the more important limitations and disadvantages of
mortality and morbidily statistics have already been alluded to in

sections 1.2. and l.3. above. However, more detailed discussion of

(1) This represcnts the situation as at 1st January 1967. Since then
the list of diseases has been increased to 28. Disease categories such
as yellow fever and infective jaundice have been added, while others
such as acute pneumonia have been delet=d,
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these and other statistical considerstions is reserved untili the intro-
duction of speciflic chapiters, since the problems inherent in Jdealing
with particular data sets vary quite substantially from cnc disease

category to another.

l.5. The study area

It had originally been proposed to study some aspects of the
medical geography of North-esast England, thereby selecting a geographi-
cal region with particularly well-defined natural, as well as adminis-
trative boundaries. However, it soon became apparent from the weélth
of statistical material available that such a large study would bhe
impracticable unless it was to attempt no more than a generslised survey
cf the medical geography of the area. Under the circumstances, there
appeared to be two alternativess either the survey area would have to
be severely reduced in size, or a more detailed investiga‘’iion would
have to be carried out, involving perhaps only.a single disease cate-
gory, for the whole of North-east England. It was decided that the
former alternative was the more acceptable, and as a result the survey
area was limited to County Durham, together with its five associated
county boroughs. Despite this considerable reduction in the.study ares,
it could well be argued that by considering only County Durham one was
in fact achieving a relatively representative transect through the dif-
ferent environmental facets of the North-east as a whole. The County
exhibits a wide range of different physical and cultural environments
(figure 1.1.). Sparseiy populated upland areas of dispersed settlement
in the west contrast sharply with the urban complexes in south Tyneside,
Wearside and north Teesside to the east. The intervening zonc of the
county is characterised by a close network of nucleated towns and
villages (the majority associated with mining activity) superimposed

upon an existing pattern of agricultural settlements. This area Hebden

(1969:6) has described as a "single urbanised region rather than an
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interconnected system of separate towns". The availability of such a
diversity of environmental {types enables fie geographer to determine
whether or not this is reflected in a similar variety of response in
terms of disease experience., It elso provides an opportunity to
investigate through disease certain functional relationships which
inevitably exist between these different types of environment.

It is of course true that by adopting purely administrative
boundaries as the framework for the study area, contiguous z»sas,
displaying a considerable degree of homogeneity in respect of their
disease experience, were inevitably and artificially separated from
each other. This was varticularly true of Tyneside and Teesside where
two large urban complexes were dissected by the county boundary.
Indeed, experience would suggest that disease regions are rarely co-
extensive with administrative units (Howe, 1559:205), although for
most purposes the latter may be regarded as suitable sample poinis for
investigating patterns of disease. Providing reasonable care was taken
not to disregard the importance and significance of such spatial link-
ages in the disease pattern during subsequent analysis, it was thought
unlikely that this factor would detract substantially from the overall
validity of the study.

On the other hand, the adoption of a purely administrative unit
as the spatial framework of the study may be deemed to offer a number
of distinct advantages, not least of which is concerned with the
availability of comparable statisticel information for a wide range of
social and economic parameters collated on the same basis. Moreover,
in many ways the existing hierarchy of administrative units, ranging
from the county borough to the urban snd rural district, may be deemed
to have evolved, at least in part, in response to a large number of
historical and environmental factors. Thus the resultant network of

administrative divisions may not in reality he quite as artificially



i6

contrived as they might ot first appear.
At the time of the 1961 Census, County Durham had a resident

(1)

population slightly in excess of 1% millions. This provided a
sufficiently large ‘'population st risk' to yield meaningful discase
patterns without the constant fear of statistical insignificanée. At
the same time, the volume of data collection and prccessing demanded

by a total of forty local authority areas can be kept within manageabie
proporfions, thereby permitting the investigation of a number of dif-
ferent categories of morbidity and mortality. DNevertheless, as licDonald
and Clemence (1965) state, "No community is ideal in every respect for

a community health study; each investigator seeks the best possible

compromise between purposes and resources." (p. 9)

1.,6. Spatial and time considerations

l.6.1. Scale

Stamp (1964:21) has recognised four levels of study for the
medical geographer, namely, the world, the continental, the national
and the local scales. Bach level provides the researcher with a com-
pletely different view or perspective of the diseass situation, whilst
at the same time presenting its own peculiar difficuities and drawbacks.
In connection with the study of disease at the local level, Stamp
believes "it to be a very neglected line of reséarch, and one which is
crying out for inveétigators."

However, it should perhaps be stressed fhat although such local
studies have an intrinsic relevance and value in themselves, they are
substantially enhanced by constant reference to a wider frame of
reference, It is for this reason that the local situwation should wherever

possible be viewed in relation to the national or even the world situation.

(1) Regrottably, comparable figures for the 1971 Census are not yet
available, since during the intervening veriod the Urban District of
Billingham and the municipal borough of Stockton-cn-Tees were amalgamzted
with adjacent authorities from the North Riding of Yorkshire to form the
new County Borough of Teesside.
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Mapping at substentially dif'ferent scales can often produce
contrasting impressions of the disease situation for a particular srea.
Consequently, the choice of an appropriate scale for mapping must be
regarded as a matter of fundamental importance. The choice of too
small a scale may often mean that many of the meaningful variations in
" the disease pattern at the local level may become obscured. On the
other hand, mapping at too large a scale may tend to detract from the
overall significance of the resultant maps, by virtue of the small
number of cases included in individual local areas. Taken to an extreme,
the local mapping of disease can degenerate into no more than a visusl
representation of random fluctuations.

Figure 1.2. shows the distribution of infective jaundice in
England and Wales for the first complete year for which the éisease was
officially designated a notifiabie disease (viz. July 1968 - June 1969).
Durham emerges as an area with 2 *high' notification rate (85-99 cases
per 100,000 persons) and the impression gained is that County Durham as

a whole has a bad experience in respect to this particular disease.

However, when the situation is viewed at the local level (figure 1l.3.)
it is discovered that there is in fact as much, if not more, variation
in notification rates within the county than at the national level
between individual counties. In particular, the south-east of Durham,
with an almost total absence 6f the disease, contrasts sharply with
notification rates in excess of 200 per 100,000 for particular local
‘authorities in the north-west of the county and in south Tyneside. 1In
this case, the local view is in many ways more meaningful, although both

maps have their own particular merits, as well as their disadvantages.(l)

1.6.,2. Time perspective

The choice oi' an appropriate time scale for study is dependent to

(1) Figures 1.2. and 1.3. were constructed during an investigation of
infective jaundice in England and Wales (Young, 1971).
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a greater or lesser extent upon the type of disease under investigation.
In the case of a highly inflectious disease, the situation may change so
rapidly that mapping may be possible at weekly intervals., Figure 1l.).
{or example shows the passage of the major wave of the 1957 asiatic
influenza epidemic through England and Wales, as inferred from the noti-
fications of acute pneumonia (Young and Hunter, 1971). On the other
hand, an insidious and endemic disease such as tuberculosis may exliibit
only a:rather slow evolution in its spatial distribution tinrough tine,
and as a result mapping may be more appropriately carried out on the
basis of a year's statistics, or an even longer time period. Similarly,
in the case of mortality mapping, especialiy at the local level, death
statistics for a period of perhaps five years may be required to ensure
that (a) the effects of exceptional and unrepresentative circunsiznces,
such as a very severe winter, are not given undue emphasis, and (b) a
sufficient number of deaths occur to.permit the construction of maps
which are statistically significant. This latter point is particwlarly
relevant in the case of the less common causes of death, where the

vagaries of chance might otherwise run riot amid small mortality scores.

l.7. Methods of approach

The basic framework for the present study was provided by statis-
tical material obtained from official records. The general relizbility
of the records themselves; the completeness of cover, and the conveni-
ence of dealing with data collated for well-defined local administrative
units were deemed to be extremely satisfactory bases for the proposed
study. As Stamp (1964:15) comments, "My medical \mowledge and training
are nil. I have had to accept the medical data as published, paying due
attention to the doctors' warnings as to their reliability and relevance."

At the start of the research programme, a working paper was

prepzred on the scope and historical development of medical geography,
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in order to become acquainted with the nature of work aliready carried
out in this field, as well as with the statistical and cartographic
techniques employed. This was followed by 4 second working paper
concerned with the evolution and development of epidemiological theory,
with special reference to its application to studies of disease in a
spatial context. From this latter study, the concept of ‘population
at risk' emerged as an important and recurring theme. It was this
consideration which subsequently led to the development of the demo-
graphic cartogram and model discussed in Chapter 2. Only {hen was
attention turned to the investigation and mapping of specific disease

patterns.

1-7.1. MOI‘bidit_Y

The study of morbidity may be spproached in one of six ways:-
(a) Official registration of specifiic notif'iable diseases.
(b) Generallhealth surveys.

(c) General practitioners' records.
(d) Hospital records.
(e) Claims for sickness benefit.

(f) Miscellaneous group inecluding school records and
industrial accident records, etc.

The possibility of conducting an actual health survey in the
field was rejected as impracticable on the following grounds. Firstly,
the aﬁthor lacked any formal training in clinical matters. Secondly,
such a survey would only be feasible for a rather restricted ares,
given the limited resources avaiiabla,and tﬁirdly it was thought
unlikely that the results from such a survey would justify the expendi-
ture of both time and effort, bearing in mind the past experience of
similar types of health surveys at the national level (Logan and Brooke
1957, Stocks 1949) and at the local level, for example in Tyneside

(Spence, gt al. 1954).
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Similarly, the detailed investigation of hospital records;
the personal records of individual general practilioners and sickness
benefit records presents considerable difficulties from a geographical
point of view. In most cases, the.data are fragmentary and wrepresente-
tive, and it is generally impossible to determinec the size or distribu-
tion of the exact 'population at risk', because individual areal units
often overlap by a considerable amount. Thus, although the velue of
such statistical sources has been duly demonstrated in the national
context (Kay 1951, General Register Office 1953) their applicability to
the geographical study of disease at the local and intermediate scale
was deemed to be considerably more limited.

.Having eliminated other possible lines of approach as boing
impracticable or unsuitable, attention was focussed cn the investigation
of offiicial notification records, mostly relatiﬁg'to infectious disezzes.
Initially the statistics for a wide range of dissasze typus were abstracted
from the Registrar General's weekly returns of infectious diseases, and
these were then plotted and mapped. Among the categories of' disecase
chosen for preliminary investigation were measles, scarlet fever,
whooping cough, tuberculosis, typhoid, paratyphoid, dysentery, food
poisoning, infective encephalitis and pneumonia. From this extended
list, only three disease types were subsequently selected for more
intensive study. These were measles, tuberculosis and suspected food
poisoning.

Measles was selected for study as an example of a highly infectious
disease, exhibiting periods of extensive epidemic activity. It is alsoe
the commonest of the notifiable diseases, thereby yielding a sufficient

"number of cases to facilitate mapping at the local level for relatively
short time periods. Tuberculosis, and in particular the respiratory

form of the disease, was chosen as a complete contrast to measles.
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Endemic in.distribution, tuberculosis is an insidious disease, usually
requiring prolonged periods of sustained contact between individuals
for effective transmission to take place. As such it is a dlisease
which over time appears to adjust to prevailing environmental factors
perhaps more closely than most. The more localised study of suspected
food poisoning at Conseit was in fact a by~product of the major lines
of inquiry. This apparent anomaly in the overall statistics for the
countj as a whole was thrown up during preliminary scanning of %he
weekly returns., Further invéstigation revealed some surprising and
interesting results, thereby demonstrating the value of more detailed

mapping of data within a much wider framework.

l.7.2. Mortality

In the case of mortality the geographer is compelled 4o rely upon -
statisties derived from official sources, and must therefore assume the
data to be bofh complete and tolerably accurate for the purpose of sub-
sequent analysis. Initially it was proposed tc attempt a comorehensive
investigation of the mortality patterns for County Durnham for all the
major disease categories; along the same lines as the study by Howe
(1963) for the United Kingdom. Deaths for all causes of death were
abstracted for each local authority in County Durham from the statisticel
records of appropriate medical officers of health for the five year
period 1963-67 (inclusive). The raw data were then subjected to a
process of standardisation to compensate for the effects of spatial
variations in age and sex structure for the 'population at risk'. At
the same time an attempt was made to enhance the statistical significance
of the resultant mortality patterns by emplying a framewoxk of 'consoli-
dated areas' for mapping all but the most common causes of death
(Chapter 8). The resultant maps of mortality, for a selected number of

causes of' death, are presented in Chapter 9, together with a preliminary
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discussion of the spatial patterns in each case. For reasons vhich
will be discussed later, it was only Tound possible to consider a
limited range of mortality categories. MNoreover, subsequent attempts
at more detailed and sophisticated analysis of the derived mortality

patterns did not prove to be as rewarding as originally hoped.

1.8. Aims of the study

In undertaking the present research programme, a number of
separate aims and objectives were formulated. The most important of
these are summarised below. In the conclusion, they will be rea$sessed
with a view to discovering to what extent these aims and objectives
have been achieved, or to what extent they have had to be modified in

the light of subsequent research experience.

1.8.1. The apolication of disease mapping

Perhaps the most fundamental aim of the present study was con-
cerned with the further demonstration of the relevance and value of the
map in the investigation of disease. As Stamp (1964:14) commerits, "I~
we accept the view that the modern discipline of geography is the study
of the relationships between man and his environment we are still left
with the assertion that geography is the science of distributions, that
its basic tool is the map and its prime function is to express facts on
maps - and in other words the cartographic interpretation of data."

In particular, it was desired to demonstrate the feasibility of
mapping morbidity as well as mortality at the local level. For this

purpose, a number of cartographic technigues were developed or adavted.

-1.8.2, Disease mapping at the intcrmediate scale

The majority of medico-geographical studies so far attempted have
been concerned with the internmational (May, 195Ca) and the national

scalss (Howe 1963 and 1970, Learmonth 1961, Learmonth and Nichols 1965)
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or else the purely local scale (see for example Brownlea, 1967;
Dawson, 1970). Little has been done, at least in Britain, to demons-
trate the feasibility and indeed the valuez of the investigation and
mapping of disease at the regional scale. It was hoped that this
present study by cencentrating upon this intermediate levei\}nvestiga-
“tion would be able to reduce the degree of generalisation which is
inherent in the majority of national surveys. At the same time, by
embracing a suitable range of contrasting environments within the
framework of the study, it was hoped that it might be possible to view
mofe clearly the influéncé of particular aetiological factors on the
patterns of disease. In particular, it was thought likely that con-
siderable contrasts would emerge between the urban and rural communities

in respect of their disease experience,

1.8.3. The investigation c. disease patterns in County Durham, per se

Previous studies at the national scale have consistently drawn
attention to the fact that Northern England has displayed a particularly
poor experience in respect of a wide range of morbidity and mortality
categories (Ashley, 1967; Howe 1963 and 1970; Murray 1952). In a con-
siderable number of cases, County Durham, and particularly its associated
count&'boroughs, emerged as an extremely unfavourable area. It was
resolved to investigate this situation more fully in an affort to isolate
particular aetiological factors which could be invoked to expiain this
poor experiencs.

At the séme time it was hoped that by undertaking a reasonably
detailed investigation of the County for a sufficiently wide range of
disease categories, it might be possible to build up a substantigl, if
not comprshensive, picture of the medical geography for a representative

sample area within North-east England.
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1.8.4. The developrent and application of particuler cartographic
techniques and models

Early in the investigation it became apparent that a number of
cartographic techniques or aids would have Lo be developed or adapted
t; assist in the visual representation of the data. The demographic
map for the County was developed using a technique described by Hanter
and Young (1968). The 'epidemograph' and the computer mapping tech-
niques were developed in response to the need for a more ranid display
of disease patterns, many of which might not otherwise have warranted

the considerable expenditure of both time and effort on hend mapping

O

1.8.5. Data handlinz by computer

The sheer bulk of data involved, particularly in the case of the
mortality statistics considered in Section III, made the development
of a number of data handling techniques a high priority. %Yechniques
were devised for (a) the initial storage and checking of the base data
sets, (b) the compounding of the statistics into consolidated areas
and (c) the calculation of age-specific and standardised mortality -—-
ratios.

In addition, less sophisticated computer programmés vere
developed to undertake such tasks as calculating notification rates,
performing linear and multiple regressions, and working out a consider-

able number of correlations.

1.8.6. A contribution towards medical. knonledee

Although it was never presumed that the present study would yield
any major or startling medical discoveries such as those made by
Dr. John Snow in 1855, it was nevertheless hoped that at least some
contribution could be made to the epidemiology and ecology of specific
disecases, In particular it was thought.likely that the deteiled

investigation of epidemic spread, and the corrclation of disense patterns
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with a number of environmental parameters could provide extremely
promising avenues for research. At the same time, it was hoped that
the research programme itself would bring to light a considerable
nunber of problems and ancmalies in the disease patitern wnich would
demand more detailed analysis and investigetion by mewrters.of the

medical profession at a later stage.
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Chapter 2

Demographic Base Map of County Durham

2.1. Introduction

It has long been realised by the medical geographer that many
of the more conventional cartographic éechniques may not necessarily
provide the most appropriate visual rresentaticn of their data. For
example, the applicaticn of the dot map by Petermann to demcnstréte
the distributiqn of cholera in the British Isles during the middle
of the last century was in many ways no more than a 'pale reflcction
of the distribution of population' at that time (Gilbert,1958).
Similarly, the plotting of standardised mortality.ratios for
Australia (Learmonth and Nichols, l965;hand Learmonth ané, Grau, 1949)
by means of isopleths, tends to give undue emphasis to the virtuslly
uninhabited core of the continent, whilst detracting from the true
significence of the littoral ereas, where the bulk of the populetion
is to be found. Under such circumstances, 'population at risk' is a
far more important consideraticn than precise spatial relationships.

The concept of the demographic map has evolved from a number of
different types of cartogram designed by workers in a variety_of
fields. Notable amongst these have been Raisz (1934 and 1936) with
his 'value-area' cartograms, and the Woytinskis (1953 and 1955) who
frequently emplcyed 'distorted maps' in their work. More recently the
idea has been adopted for use in electoral studies by Hollingsworih
in the United Kingdom (1964 and 1965) and by Hughes and Savage for
Australis (1967).

The adoption cf the demographic map for the purposes of medical



investigation appears to have been initiated by the 'isoarchice' and
‘isodemic' cartograms designed by Sutherland (1962) for Scotland. In
this case, a system of sectored, concentric circles was desvised for
each Qf the main regional centres for the country, and these were
then arranged in t{heir approximate geographical location. MNore
recently, the maps constructed by Levison and Haddon {1$6%) of Wilm's
tumor for New York State, and the mortality cartograms of Scofland
prepared by Forster (1966) have tended to place more cmphasis on the
use of contiguous polygons in their construction. It is perhaps
interesting, and indeed surprising, to note that up to this point the
application of this particular cartographic technique to diseése
mapping had been pioneered almost exclusively by non—geographer;. It
was only as a result of the valiant efforts of Howe (1968, 1969 and
1970) that the demographic cartoéram became established as a useful if
not an indispensable tool for the medical geographer. In this case a
range of proportional symbols were located within an outline map of
Great Britain in order to differentiate between rural and urban areas,
and these were then choroplethed in the normal_way. An additional
facility was provided on the same map whereby it was possible to dif-
ferentiate betweer statistically significant and insignificant values
by means of solid or dashed outlines for each symbol.

Meanvhile Hunter and Yoﬁng (1968) had been working independently
on the construction of various quantitative cartograms by physical
accretion methods, and the presént chapter is based to a large extent
on this research. More recently the cartograms which were derived by
this method have been duly employed in the investigation of the diffusion
of influenza (Hunter and Young 1971) and also in a study of the distri~

bution of infective jaundice in England and Wales (Ycung 1971).
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2.2. ‘The Demcgraphic Map

2.2.1l. Construction

The demographic map shown in figure 2.1. and employed throughout
this present study relates to the census population of County Durham
for 1961. Basically speaking, the cartogram is consiructed by building
up areas - in this case the 40 constituent local authorities of the
County - from a number of small square blocks of wood each representing
a single unit of population. The blocks were 3 inch thick, sawn from
1 inch square hardwood strip, and subsequently dyed in a number o¢
primary colours, so that adjacent areas could be clearly diffgrenti&ted
in the finished cartogram.

Each block was accorded a population value of 1,000 persons,
which meant that for the completqd cartogram of County Durham (with a
resident population in 1961 of 1,517,314) a total of approximately

(1)

1,517 blocks were required. The population of each local authority
was then expressed in terms of population units, by dividing by 1,000,
and the nearest whole-number of blocks was duly assigned in each case.

Polygonal shapes representing the local authority areas were then

assembled in the most favourable spatial configuration possible, in

an effort to retain at least the more fundamental characteristics of

the chorographic base. Inevitably, however; bearing in mind the uneven
distribution 6f population, tge demographic cartogram can never hope to

be more than a very restricted imitation of the chorographic base it
purports to represent. Indeed, it might be argued that the mors dis-
torted the former appears in relation to the latter, the greater is the
likelihood that the demographic viewpoint will be able to add a completely
new dimension to the realistic evaluation of the particular geograpiic

phenomena under investigation.

(1) The actual total was slightly in excess of this figure, dus to the
effects of 'rounding off' the populaticn totals for each local authority.
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In constructing this type of ctrtogram, the conflicting demands
of thiree criteriz must necessarily be resolved. In the first place

relative population size must be retained absolutely, since the

method demands the use of a fixed ﬂumber of blocks in the construction
of' the map. Secondly, within the limits of this first constreint, a
semblance of the original shape of the chorographic base must be
retained. And thirdly, contipguity between local authority areas mist
be maintained wherever possible. Quite obviously, the situation neans
that there is no 'one' correct solution to the construction of such a
demographic model for a particular area, although a number of workers,
inciuding Tobler (1967) have attempted to achieve such optimﬁm con-
figurations with the aid of quite sophisticated computer prograrmes.
During the construction of the pfesent demographic certogram for Counﬁy
Durham (figure 2.1.) the more populous centres bordering the North Sea
coast, the Tees and the Tyne were assembled first, in order to preserve
the essential outline of the County. The intervening areas were then
inserted, working broadly speaking from East to West. In only one case,

tockton R.D, was it found impossible to retain the deéired spatial
contiguity between local authority areas.

When the cartogram had been suitatly assembled in block form,

the resultant configuration of the model was transferred to squared
paper, thereby conveniently removing any slight irregulatiries intro-
duced by the individual blocks. The cartogram was then ready for

choroplething in the normal way.

2.2.2. Aprlication

It was never envisaged that the demographic map should be used
in isolation, but rather as an adjunct to the more familiar and con-

ventional chorographic representations. "It should be emphasised that
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the quantitetive cartograum is not a substitute for conventional
manping, It is an additional cartographic tool which can be put to

a variety of useful purposes once its conventions are recognised and
accepted."” (Hunter and Young, 1968). This technigue is particularly
effective in combatting the visual supremacy of sparsely populated
rural areass over the urban areas which although territorially more
compact are nevertheless demographically speaking more significant.

A case in point is shown in figure 2.2. which shows the notification
rates for measles in County Durham_during April 1963 for specific
local authorities. In the chorcgraphic map (figure 2.2.(a)) Barnard
Castle R.D. appears visually dominant over Sunderland C.B., &although
both areas experienced approximately the same notification rate - i.e.
between 20-39 notifications per10,0C0 persons. However, whereas the
former area with a population of approximately 17,G00 recorded & mere
41 cases of measles for April 1963, no less than 684 case. were notified
for Sunderlénd C.Bgl%uring the same period. In this case, quite
obviously the demographic map provides a far better guide as to the
relative ‘volume' of infection involved (figure 2.2.(b}). A similar
situation is seen to exist between Darlipgton R.D. on the one hand and
Hartlepool C.B. on the other.

In certain circumstances it may be more appropriate to construct
age~ or sex-specif'ic demographic cartograms for use in the case of
particuler diseases or socio-economic parameters. For the pﬁrposes of
this present research programme.separate cartograms were constructed
for the male and female populations of County Durham. However, since
these were found to differ only very slightly in configuration from
‘that constructed for the distribution of total population, only the

latter cartogram was adopted for subsequent plotting.

(1) Population approximetely 190,000 in 1961.
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2.5%5. The Epidemograph

Brief mention should also be made of an additional model that
evolved out of the original concept of the demographic cartogram
described above.

It was discovered that hand-shading of chorographic and demo-
graphic maps was consuning a disproportionately large fraction of time.
This was particularly so in the case of many of the epidemic diseases,
such as measles and influenza, where a large number of choroplethed
maps might be required, before more detailed analysis could begin.

In an effort to reduce the time spent in menual plotting &
three dimensional version of the demograpnic cartogram of County Durham
was constructed (see Appendix A and plate 1). By employing a sysien
of adjustable rods.thé individual elements - representing the 40 local
authority areas - could be conveniently raised to appropriate heights
above the base level (A in }late 1); the height of each element being
directly proportional to its value for the particular parameter being
mapped. In this way a cartographic representation of the distribution
of a particular disease in County Durham could be produced in under

five minutes by means of 40 simple adjustments of the constituent

elementg; This compares with a figure of approximately 20 to 30 minutes
which could ﬁell be consumed in the production of even a rough choro-
plethic map of the same distribution. The resuliant configuration of
the epidemograph is then analysed, if only superficially, to see whether
or not the distribution is worthy of retention for further study. If
a permanent record is required then the model may be either photographed
(figure 5.7.) or subsequently drawn up in finalised choroplethic form.
In the present study, the epidemograph was employed in the pre-
liminary investigation of measles and tuberculosis (Chapters 4 and 5

respectively). However, in illustrating the final text it was deemed







40

mwore expedient to employ more conventional mapping techniques in
most cases. Nevertheless, this method is still being utilised in
more recent research projects; and it is hoped that in future it

may be possible to develop this concept more fully.
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Chapter 3

Choroplethic Mapping by Computer

3.1. Introduction

It has already been pointed out (section 2.3.) that a considerable
amount of time may be consumed in the relatively unsophisticated process
of choroplethic mapping. Moreover, in many cases fhe configuration cf
the resultant map may not be visually significant, and as a result it
may be discarded without further consideration. This is particularly
true of disease mapping, where it is very often the unusual distribution
which yields the most significant results., Quite obviously a short.cut
is mogt desirable, and particulariy one which obviates the need for
protracted hand-shading. It was therefore decided to write a relatively
uncomplicated computer programme, which would map data by iineprinter
for a particular base map - in this case County Durham.

At the outset, it must bé stated that a considerable number of
workers héve already exﬁended a great deal of time and effort in the
development of very sophisticated érogrammes that are capable of
generating extremely elaborate computer maps (see for example Drosness,
et al., 1965; Fisher, 1969; Hopps, 1969; Rosing and Wood, 1971). In the
present situation, however, it was decided to write a short programme
which would be capeble of producing rough working maps which would not
necessarily possess many of the refinements of the more elaborate pro-
grammes such as SYMAP and LINMAP.(l) At the same time, it was deemed
desirable to adopt a simple input procedure which could be employed by

geographers with only a minimum of statistical and computing knowledge.

(1) SYMAP is & computer mapping programme developed by the Laboratory
for Computer Graphics and Spatial Analysis at Harvard University.
LINMAP is a similar typs of programme developed by the Ministry of
Housing and Local Government.
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3.2. The preparation and running of the MAP prosramme

Choroplethic mapping by computer consists essentially of building
up blocks o1 zones of shading by means of individual or superimposed
strings of printed characters. Each zone of the resultant computer map
corresponds to a particular sﬁb-area of the original chorographic map
upon which it is based. In the case of County Durham, the forty local
authorities were adopted as the sub-areas of the base map, for which the
choroplethic computer map was to be drawn.

Basically speaking, the process of computer mapping described herein
consists of the following six discrete steps:-

i) the construction of a transparent grid overlay.

ii) the production of a suitable outline base map of the
area to be mapped.

iii) the composition of a basic grid mabtrix from the base
map and the grid overlay.

iv) the selection of a suitable variable for mapping, and
the preparation of the required data for each sub-area.

v) the determination of appropriate class intervals.

vi) the execution of the programwe and data.

3.2.1. The transparent grid overlay

Thg basic grid overlay was prepared on a transiucent material -~
in this case 'Ethulon'. Bach tenth grid line was drawn in a thicker ink,
and suitably numbered around the borders of the overlay (figure 3.1.).
Bach individual cell of the grid overlay was to represent a single symbol
or character in the finished map.

In order to relate the computer print out to the originsl choro-
graphic base, it was found necessary to construct the grid from
rectangles rathér than squares, with ;ides in the proportion of 5:3.

This ratio represents the actual dimensions of the indiyidual lineprinter

characters, when due allowance has been made for the space between the
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characters, and the gap between individual lines of print out. (For
most purposes, an overlay with grid cells of dimensions 5mm x Jmm will
prove quite satisfactory; although due counsideration must»be given to
(a) the size of the chorographic base mep, and (b) the Gesired dimension

(1)

of the completed computer map.

3,2.2. The chorographic base map

An outline map of the area to be mapped is prepared, with the
boundaries of the individual sub-areas clearly shown. Each sub-area is
then alloczated a unique index numbef, and this is inserted on to the
outline map, in the centre of the appropriate sub-area (figure 3.24).

The choice of a suitable sequence of index numbers may depend to a large
extent upon the way in which the bulk of the data for mapping has been
collated. In the case of County Durham, for example, the most appropriate
sequence was perhaps that employed for most census and official purposes -
viz. alphabetically within County Borough, Urban District and Rural
District categories.

The scale of the base map must be consistent with the size of the

grid overlay. A base map which is tco small may result in a very small
and coarse computer map, displaying a marked loss of- shape in the outline
of individual sub-areas, and a considerable loss of detail in the finished
map. On the other hand, one which is too large may necessitate the pro-
duction of the computer map in two or more separate sections. Besides
being more expensive in terms of computer time, the process would also
demand a far greater expenditure of time in piecing the individual map
sections together. This in itself would defeat the original object of

the exércise, which was to reduce the time and effort taken in producing

mappzd data.

(1) The normal teleprinter carriage width is composed of 130 characters.
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As a rough guide, the original maps of County Durham shown in
figures 4.6. to 4.10. were composed of 105 columns and L& rows of
characters, making a total of 4,830 individual grid cells. In this
case, the finished computer maps measured 10" x 8", without the trimmings

of border and legend.

34243, The basic grid matrix

The construction of the basic grid matrix attempts to define the
shape and areal extent of the sub-areas of the map in terms of spatiail
coordinates.,

The gridded overlay is conveniently positioned on top of the
chorographic base, and then each grid cell is supplied with the index
number cf the sub-area over which it is located. For example, in the
sample data given in figure 3.3., for row N all the grid cells contained
- in ecolumns 8-16 inclusive wo.ld be allotted the index number 1, refer-
ring to sub-area 1; and grid cells from columns 17-26 inclusive would be
given the index number 2, and so on. In those areas which are to remain
unshaded - i.e. all those areas lying outside the boundary of the base
map, or areas representing lakes, rivers and seas - the grid cells are
supplied with an index number of zero. Where a boundary between adjacent
sub-aréas dissects a particular grid cell, the sub-area constitutiﬁg the
greater part of that grid cell takes precedence, and the index number of
that sub-area is aésigned accordingly to the whole grid celi. At the end
of each row, a terminator (arbitrarily fixed as any number in excess of
998) is supplied, immediately following the definition of the Ffinal
meaningful grid cell which is required to be mapped. The process is then
repeated for the next and all subsequent rows of grid cells.

In order to simplify this whole process, the procedure indicated
in figure 3.3, has been adopted; whereby only those grid cells which

immediately precede boundarics between sub-areas are precisely located
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and defined. All the other grid cells in that row are then automati-
cally indexed by the computer programme,

In figure 3.3, the sampls data input for row N may be seen to
consist of a number of data couplets : the first figure representing
the sub~area index number, and the second denoting the column in which
that particular sub-area comes to an end. Thus the couplet O and 7
signifies that the grid cells of the first seven éolumns of row N are
to be left blank: the following couplet of 1 and 16 indicate that all
grid cells from columns 8-15 inclusive are to be supplied with an index
number of 1. This process is continued until the terminator is
encountered; whereupon the whole procedure is repeated for row N+l, and
then for row N+2 end so on, until the grid metrix for the whole map is
complete.

Despite the apparent tediougness of constructing the basic grid
matrix (as described above); with a little practice, the operation may
be accomplished in a remarkably shﬁrt time period, especially where the
individual sub-areas being mapped are large. For example, in the case-
of the grid matrix for the map of County Durham (used in figures 4.6. to
4.10.), the time taken in preparation was approximately 45 minutes, which
was equivalent to the time taken in the preparation of a single.choro-
grapﬁic map of the County by conventional methods.

However, once tﬁis basic grid matrix has been prepared, it may be
utilised over and over again with the MAP programme, to gencrate any
number of different maps of the same area. In each case, all that has

to be changed is the data referring to the variable being mapped.

30,244  Selection of a sultable variable

Almost any variable may be selected for plotting, provided thati a
numerical value is available flor each of the sub-areas contained within

the map. The computer programme is not capable itself of supplying
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missing items of data, eilher by interpolation or any other means.

As a general rule, the values for any given variable should always
be positive. The inclusion of negative values induces double shading,
or shading of areas which should have remained blank. For this reason,
the plotting of deviations from zero, and in particular the mapping of
regression residuals, is impracticable, unless there is substantial
modification to the basic programme.

In addition, it is important to ensure that the individual values
for any given variable are collated in exactly the same logical sequence

as noted above in section 3.2.2.

3.2.5. GClass intervals

Depending on the nature and range of values to be mapped, suitable
class intervals must be determined to ensure an appropriate distribu-
tional pattern in the finished computer map. In the present map programme,
described nerein, a single option of only five class intervals (and
shading types) is provided. However, this basic number may be conveniently
increased by a slight ﬁodification of statement number 7, and the insexrtion
of additional statements immediately following siatement number 68
(figure 5.4.). In the case of the computer maps shown in figures 4.6.
to 2.10. (inclusive) the full range of 7 shading types are in fact
employed.

The five shading types adopted in the present map programme ranged
from a solid black symbol -~ produced by overprinting the characters
'0', 'X', 'A' and 'V' -~ at the upper end of the scale, to a simple '='
character at the lower end. Intermediate shading types were produced by
superimposing the character 'X' on top of an '0'; overprinting '-' on
an '0', and by printing a simple '0'.

As in the case of conventional choroplethic mapping, the effects

of skewness in a particular distribution may be considerably reduced by
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employing a system cf' octiles or quintiles, or alternatively by
selecting appropriate class intervals on the simple arithmetic or

geometric scales.

3.3. Programme specifications

A copy of the listing for the MAP programme is given in figure 3.4.,
and the corresponding flow diagram is shown in figure 3¢5. From the
latter it may be seen that the programme itself consists of four dis-
tinctive steps, which are as follows:-

i) The input of the basic grid matrix.

ii) The input of the areal values for the variable to be
mapped.

iii) The output of the computer map.

iv) The output of the legend for the map (an opticnal extra).

The map programme is written in PL1 (Programming Language Number 1)

and was designed for use on an I.B.M. 360 computer.

3.3.ls Storage requirements

The core storage requirement for the running of the MAP programme
is to a large extent dependent upon the size and complexity of the map
being produced. In particular, the number of locations comprising the
basic grid matrix is of paramount importance. However,since under normal
operating conditions a standard I.B.M. 360 machine could be expected to
cope with up to half a million items of data, little difficulty should

be experienced by the user in practice.

3e3.2. Computation time .

The time taken in computation is depéndent upon a considerable
number of variables associated with the nature of the map being produced.
However, generally speaking, the time taken in the actual generation of

the map within the computer is relatively small by comparison with that
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consumed in the printing out of the [inished maps on the line-printer.
The computation phase within the computer is composed of three
distinct phases or steps. The first two cof these - the compile and
link-edit steps - consume a total of only 9 seconds of computer time.
During this time the basic programme is read in, interpreted by the
! computer and set up in readiness for the third step -~ the 'go-step' -
I which constitutes the actual execution- phase of the programme. The time
taken in this final step depends to a great extent on the number of maps
being generated at any one time, as well as the dimensions and complexity
of the maps themselves, Time taken in computation increases in proportion
to the area of the maps being produced, and not simply in terms of the
number of lines printed. In the same way, the production of' composite
sliading t&pes is a ver& time-consuming process, and consequently large
areas of heavy shading, necessitating repeated over-printing, may
increase the time taken by a factor of three. However, as a rough guide,

the following computing times may prove useful:-

! Time taken
: Dimensions of the Computer map in 'go-step'

3 x )" map consisting of 8 sub-areas 1.8 secs.

11" x 8" map consisting of 40 sub-areas 5.1 secs.

Tﬁe output phase by line-printer can vary quite substantially
according to the capacity and capabilities of the line-printer being
used. However, usually the time taken during this phase may be in the
order of ten times greater than that consumed in the actual generation
of the maps inside the computer. Thus, whereas a map measuring 11" x 8"
may be generated in a matter of 5 seconds within the computer, one or

two minutes may be required for the actual printing out of the finished

map. For this reason it usually is the time taken in the print—ouf
which is the limiting factor in terms of the work potential f'or the

programme, particularly when a large number of maps &are being produced

during a single run.
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In order to combat the irregular impression of indjividual
characters produced by the average line printer; it may be found
preferable 4o employ a special carbon-lined paper during print out.

In this way, a clear and even printing of maps can be obtained.

3.4. Sample data input

Under normal rumning conditions, the data may be input in a free-

format form -~ that is to say, particular data items do not necessarily

. have to occupy rigid positions on individual data cards, providing, of

course, that they are sepafated by at least éne blank character in cach
instance. In figure 3.6. the data items have been conveniently divided
into a number of discrete sections on individual cards, to assist in the
overall comprehension of the sequence.

The example given in figure 3.6. represents the total data input
required to generate & single map using the MAP programme., The finished
map would contain 3 sub-areas, and would measure 23 columns in width and
10 rows in depth (data cards 1-3). In this particular case, the variable
being mapped is 'persons per acre', and the threshold values between
class intervals are 5, 10, 15 and 20 persons per acre respectively
(data cards 4~5). Card 6 conteins a trigger number, which if greater
than ten produces a legend and scale at the end of each computer map.
However, should this number be less than 10; then these optional extras
are suppressed and only the map itself is generated in each case.

The next 10 cards of the data deck constitute the basic grid matrix
of the map; the-constructicn of which is described in figure 3.3. and
section 3.2.3. above,.

Immediately after the basic grid matrix, the title of the first
map appears, followed in turn by the individual values for each of the
sub-areas, The rirst map is then printed out together with a legend

and scale should this be required by the condition of the initial trigger



G
@€x

factor (card 6). Having reached this point, a secend trigger factor

(MM) is read in to determine the subsequent course to be followed by

the programme. If MM is less than an avbitrary value of 10, then the
programme recycles itself by reading a second mep title together witﬁ

a new set of sub-area values. A second map is then generated and output.
This recycling process continues until MM is found te be more than 10,

whereupon the programme is terminated.

3.5, Conclusion

The major advantage of cemploying a computer to vroduce simple
choroplethic maps lies in the economies of both time and effort involved
in the actual plotting of date values and subsequent line shading. By
using a computer, & large number and variety of maps may be generated
in the space of a few minutes of actual computer time., This allows the
research worker to be seléctive in the choice of maps to aid his anelysis,
rather than relying upon a limited number of distributions which he has
had time to map by hand.

 During the prbcess of computer mapping by lineprinter, a measure
of cartographic sophistication imherent in the average hand-drawn map
is inevitably lost. Individual boundaries are in the main relatively
indistinct and most if not all the constituent sub-areas of the map
undergo some form of distortion (or 'rationalisation') in their overall
spatial configuration. It is also impossible to introduce as many
subtleties of tonec in the shading ranges employed, because of the limited
nunber of suitable character combinations available on the average line-
printer type-face.

Notwithstanding the nature of the disadvantages noted above, choro-
plethic mapping by computer has a valuable contribution to make to geo-
graphic research in general, by virtue of the speed at which a considerable

volume of data may be conveniently translated into a graphic form which
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is readily comprehensible. In the context of the present study, the
method was found to have a particular application to the investization
of the more dynamic aspects of disease, including the epidemic sproad

of measles discussed in chapter L below.
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SECTION 1II

MORBIDITY

"Diseases manifest multiple personalities just as do living
creatures and social institutions. The various moods which they
display in different circumstances and at any given time reflect
the dominant aspect of the relationship between the disease

process and the life of man in society."

Rene and Jean Dubos (1953)
The White Plague: Tuberculosis

Man and Society, p.3.




<2]
PAS)

Chapter 4

Measles in County Durham 1961-G5

hol. Introduction

Of the 50 or so viruses already known to produce humanr disease,
the measles virus is by far the most common agent of infection in
terms of notif'ialle disease in England and Wales. However, unlike
many of the other viruses, measles appears to accepl only men as its
natural host, and depends entirely upon transfer from one human being
to another. (Taylor and Knowelden 1964.:107). MNoreover, it would
appear that "there is little evidence that measles virus persists on
inanimate objects" (gggg:lOB), which suggests that the reservoir of
infecticn f'or measles lays entirely within the human host. The mode
of transmission of the virus is in the form of a droplet infection

derived from the upper respiratory tract. In this way, minute moisture

nuclei containing the virus may remain suspended in the air for con-
siderable periods of time. Thus it may be seen that physical propin-

quity of individuals may not necessarily constitute a sine qua non,

although in reality this factor is a powerful influence in promoting
the necessary quantum of infection to elicit the clinical manifestation
of measles.

In their study of' the epidemiolicgy of measles, Stocks and Karn
(1928) stress the fact that measles is predominantly a disease of
childhood, or at any rate in any socicty where the virus is endemic,

A single attack appears to confirm permanent immunity upon an individual,
except in about two p=r cent of cases, where a second or even more
attacks are experienced. 1In the vast majority of cases, the age at

which the disease is contracted is associated with the first major




period of communication with other children frcu outside the immediate
family circle. This usually corresponds to the initial entry of a
particular child into school or kindergszrten. Consequently, it may
be seen that in a given neighbourh&od it is the school which must
ultimately be regarded as the immediate ‘reservoir of infecction’.

A characteristic feature of the discase is the biennial period-
icity of epidemics, a point which is adequately discussed by Stocks
and Karn (1928). This particular pherozenon may be explained in terms
of the 'quantum theory' propounded by Gill (1928), which rests uporn
the principle of the balance between the 'infection' and 'immmity'
factcrs of a particular epidemiological situation. In effect the
theory postulates that, "a breakdown of quantitative equilibrium
between the amount of infecti-e agent being distributed and the com-
munal immunity of the population is the determining factor in epidemic
causation." (Stocks and Karn 1928:362). Since a single attack of
measles confers virtual immunity for life, it would appear quite
obvious that following a major epidemic an adequate time period must

necessarily elapse to facilitate the recovery of the population,

whereby it is again susceptible to infection by measles. This process
6f rec&vezy may be achieved in one of two ways; either by ihe intro-
duction of virgin susceptibles by immigration or birth (Kermack end
McKendrick 1927-39) or by the recovery of a large number of individuals,
who appear to obtain a ‘temporary immunity' to the disease thiough
coming into close contact with'the virus during a previous epidemic,
without actually contracting the disease itself. In this connection
Stocks and Karn point out that “the only explanation which seeams
‘possible is that the majority of children intimately exposed to infec-
tion who escape contracting measles at the time become immunised, and

that such latent immunity gradually disappears" (Stocks and Kain 1925:380).




This process of latent immunity appears to agree favourably with the
biennial periodicity concept, in so far as it has been demonstrated
that the effect of this temporary immunity appears to wear off after
a period of approximately two years.

It would therefore seem possible that the existence of a large
reservoir of susceptibles would be a necessary pre-condition for the
onset of widespread epidemic conditions. Indeed, Wilson goes so far
as to state quite categorically that, "there is no evidence of the
epidemicity being determined by atmospheric or similarly widespread
conditions. It is probably determined for the most part by the accu-
mulation of susceptible population." (Wilson 1905). However, the
author is convinced that whereas this process of accumulation is
indeed an important pre-condition for epidemic spread, there must
inevitably exist an additional 'frigger factor' to act as the catalyst
for epidemicity. It was the search for such a trigger factor that lent

added import to the present study.

4.2. Data - -

9923;; Sources

The basic statistics utilised in this study were derived from
the weekly returns of births, deaths, infectious diseases and weather
(Registrar General) for the period 1961-65 inclusive. Weekly totals
of notifications were collated for the five year period for each of
the local authority areas of County Durham. For the sake of compari-
son the weekly totals of notif'ications for England and Wales were also
abstracted at the same time. The data were then punched on to computer

cards for subsequent processing.
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L.2.2, Limitations of the data

It should be remembered that the data ebstracted from the weekly
returns represent cases of original notification by general practi-
tioners and others to local authorities during a particular period of
seven days. Under these circumstances there are a number of inherent
statistical limitations which should be borne in mind.

Firstly there is the chance of inaccuracy developing from the
initial diagrosis, since the clinical manifestations of measles may
often bear a striking resemblance to those produced by an attack of
German measles. Although it is not possible to ascertain the exact
number of incorrect diagnoses induced in this way, it is likely that
it is relatively small in comparison with the total number of measles
notifications. Purthermore, it would appear that by virtue of a certain
reciproeity in incorrect diagnosis, the absolute effects of this source
of error may indeed be even less. Whereas a number of Ge.man measles
cases may be notified as measles, the reverse may equally be true.

Non-registration of cases appears to present the greatest poten-
tiél source of error in the basic data, and a factor for which it is
éxtremely difficult to make allowance during subsequent analysis. The
failure to report a clinical case of measles may result from the con-
scious attempt by the parent or family to conceal the fact of disease
within the household. On the other hand a far more likely cause of
non-registration may lie with the family doctor who may fail to notify
cases to the appropriate local authority. Whereas, measles is notifi-

able by law under the terms of the Infectious Diseases Act of 1888, many

doctors consider that the 2/6d notification feél)is not a sufficient

‘inducement to make notification a worthwhile undertaking, particularly

(1)

This fee for notification was increased to 5/-d with effect from
1968.
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County Durham

Darlington C.B.
Gateshead C.DB.

South Shields C.B.
Sunderland C.B.

West Hartlepool C,B,

Barnard Castle U.D.
Billingham U.D,
Bishop Auckland U.D.
Bilaydon U.D,

Boldon U.D.

Brandon U.D.
Chester~le~Street U.D.
Consett U.D.

Crook U.D.

Durham M.B.

Felling U.D,
Hartlepool M.B,
Hebburn U.D.
Hetton-le-Hole U.D..
Houghton-le-Spring U.D
Jarrow M.D. :
Ryton !1.D,

Seaham U.D,

Shildon U.D.
Spennymoor U.D,
Stanley U.D.

Stockton M.B. _

Tow Law U.D.
Washington U.D,
Whicikham U.D.

Barnard Castle R.D.
Chester-le~Street R.D.
Darlington R.D,

Durham R.D.

Easington R.D.
Lanchester R.D.
Sedgefield R.D.
Stockton R.D.
Sunderland R.D.
Weardale R.DD

1962

Mean Annual

1961 1963 1964 1965 Total Notication
1961-~65 Rate

( per_102,000)
30,678 3,404 27,346 (9,711 16,411 | 87,550 “1154
1,720 48 1,210 660 529 4,167 990
2,723 254 2,107 876 1,140 7,100 1,375
2,061 462 2,040 811 1,149 6,523 1,187
4,653 199 4,106 1,684 1,847 | 12,489 1,317
1,051 18 1,232 280 717 3,295 855
211 82 12 72 320 697 1,647
180 24/ Lo7 333 350 1,514 736
652 155 678 357 778 2,580 1,419
552 7 419 71 3hh 1,393 906
355 L2 278 160 98 933 818
506 107 481 136 211 1,441 1,451
281 6 275 L7 148 757 798
841 13 796 52 524 2,226 1,143
510 129 175 379 249 1,442 1,143
372 43 304 48 206 973 936
1,350 16 813 172 332 2,683 1,475
325 - 467 110 207 1,109 1,255
876 238 290 268 217 1,889 1,514
465 - SUTA 31 106 746 854
658 43 560 L8 545 1,854 1,206
798 118 609 234 292 2,051 1,428
304 - 239 8 163 714 1,032
572 13 695 243 147 1,670 1,177
142 11 413 92 211 869 938
207 225 276 97 343 1,148 842
676 33 1,010 54 491 2,264 766
1,090 - 202 1,130 511 670 3,603 — 887
77 51 - b7 2 12 189 1,292
609 32 393 20 364 1,418 1,381
646 27 533 110 k27 1,743 1,371
b4 67 338 88 214 1,121 1,317
676 23 479 102 652 1,932 938
4o1 3 719 132 . 281 1,536 1,288
506 121. 525 121 LhLs5 1,718 980
1,620 35 2,030 481 930 5,096 1,196
288 98 319. 18 155 878 1,202
581 35 430 133 153 1,332 722
34 76 65 54 36 265 546
614 161 280 570 113 1,738 1,225
89 7 27 40 291 454 1,072

Table- 4.1. Notifications of Measles in County Durham 1961-65.
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in the case of a relatively trivial childhood discase such as measles.
Furthermore there may be the additional source of error introduced as

a result of the late notification of cases. This can often produce

an unrepresentative skew in the temporal pattern ol incidence, parti-

cularly_in the more remote rdral areas where general practitioners may
notify cases of measies to the local health authority up to a week or

so af‘ter the actual onset and diagnosis of disease.

L.2.3, Initial data processing

A simple computer programme was devised to convert the weekly
notifications of measles to weekly notification rates for the five
year period under consideration. The population figures for the 1961
census returns were applied to the weekly totals of notifiications to
yield notification rates per 100,000 persons, for each of the 4O local
authority areas within the County.

However, it soon became apparent that the use of weekly statistics
would prove completely inappropriate for the purpeses of mapping, since
only a small number of cases were notified per week, except during
periods of widespread epidemicity. Under these circumstances, it was
decided to compound the weekly totals to produce monthly case rates,
thereby hopefuliy reducing the effects of chance fluctuations induced
by small samples. For this purpose, individual weekly returns were
assigned to an appropriate calendar month on the basis of their
'terminal date'. That is to say, a particular return 'for the week
ending March lsf 1963', would be included in the monthly total for
March, despite the fact that six out of the seven days in that week
reiated to notifications recorded during the previous month. To facili-
tate general comparability between monthly case rates, the concept of
a 'standardised four week month' was adopted. Any month being assigned

five weekly returns had its absolute number of notifications for the
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month reduced by a factor of L/5. Appropriate notification rates were
then recalculated on the basis of the 'standardised four week month'
for each of the 40O local autherities. By epplying these standardised
data to the computer mapping programme described in chapter 2 above,

a series of 60 maps of monthly notification rates f'or measles was

obtained (figures 4.6. to 4.10. inclusive).

L.3. Epidemic regimes within County Durham

The epidewic regime for measles in County Durham appears to
concur sxtremely closely with the observations of previous workers
in this field, notably Wilson (1905) and Stocks and Karn (1928).

Figure 4.1l. clearly demonstrates the characteristic biennial cycle for
measles epidemics. However, during the five year period there appeared
to be two distinctive trends taking place with respect tc the regimes’
of individual epidemic peaks. PFirstly, the notification rates for the
peak moﬁth of the epidemic declined dramatiecally from 500 per 100,000
for the 1961 epidemic to less than 200 per 100,000 during the 1964-65
epidemic period. -Secondly, the epidemic periods themselves appeared

to be getting progressively wider-based. That is to say epidemic con-
ditions prevailed for a far longer time span, thereby reducing the
inter-epidemic period. Vith only three epidemic periods under consider-
atioﬁ, it is clearly unwise to draw more than tentative conclusions

from these trends although there are a number of influences which could
be invoked to explain these changes. In particular, there is the
possibility that the increasing application of innoculation amongst
schoolchildren could well be producing such eff'ects in the overall
_pattern of notifications. With the increasing percentage of ‘'artificial
immunes' in the population, an inherent impedence to the passage of
infection through the community would be introduced, thereby promoting

a far more ahrhythimic transmission of the disease. At the same time,
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the removal of susceplibles from the population at risk, by means of
innoculation, would inevitably reduce the absolute size of subsequent
epidemics.

On the other hand it might be argued thét the trends noted in
the epidemic regimes for County Durham may merely reflect a stage in
a much lqnger-term cycle which may also be regarded as characteristic
of the disease. Wilson (1905:80) in his paper entitled "Measles: its
prevalence and mortality", suggests that apart from the biennial trend,
there is also "a periodicity among the epidemic years themselves, indi-
cated by a rise at every third epidemic." In addition, there is also a
suggestion of a still wider cyclical change spanning a period of
between twelve and fiftecn years.

When a more detailed study was made of the epidemic reeimes for
individual local authority areas; it was discovered that the situation
was not nearly so simple as at first imagined. Indeed, in many cases
the 1962-63 and/or the 1964-65 epidemic waves exhibited a substantially
higher peak monthlj incidence than the first epidemic season of 1961.
As a result, a coéparative study was undertaken by mapping the dominant
epidemic season for each local authority as indicated by the peak month
notification rate in each case (figure 4.2.)(1) At the same time a
number of epidemic regimes were constructed for selected local authori-
ties to demonstrate both the nature and the extent of this variation
(figure 4.3.).

From figure 4.2. it may be seen that the County divides itself
into three distinctive zones, each of which exhibits'a different

dominant epidemic cycle. In Vearside, Tyneside and north-west Durham

(1) However, it must be borne in mind that the "highest peak in an
epidemic does not always indicate the extent or mass of the epidemic.
Some epidemics rise quickly to a great height, and fall as quickly,
while others, which do not rise so high, cover a longer period of time."
(Wilson 1905:67).
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(with the exception of the urban district of Stanley) the 1961 wave was
clearly thz dominant epidemic cycle, thereby reflecting the reéime for
the County as a whole (figurc 4.1.). Sunderland C.B. (figure 4.3.) was
selected as exhibiting a typical regime of this type. The south-east
of the County, extending from Seaham to Darlington R.D., could be dis-
tinguished as the second zone, in which the 1962-63 epidemic was
dominant. In this case the rural district of Easington was selected

as representative. The notable exceptions to this second consolidated
zone were provided by Darlington C.B. and Stockton M.B. in which the
1961 epidemic was clearly dominant. This also applied {o the sparsely-
populated south-western area of the County comprising the urban and
rural districts of Barnard Castle.

The third and final zone, centred upon the cluster of urhan
districts of south-west Durham aﬁd incorporating the rural districts of
Durham, Chester-le-Street and Veardale, recorded the 1964-65 cycle as
the dominant epidemic wave. Bishop Auckland may be deemed typical of
this type of regime. However, in this case the degree of dominance was .
nof nearl&_éb well-defined as in thé bthér two zones noted abéve; More-
over, it was noted that at the boundaries between each of these three
major zones, there appeared to be a tendency for local authorities to
adopt a composite regime. For example, in the case of Houghton-le-Spring
(figure 4.3.) although the 1961 cycle was clearly dominant, the third
epidemic cycle 1964-65 occupied the second position, thereby reflecting

the area's proximity to the zone dominated by the third epidemic cycle.

L., The spatial distribution of measles

Lohi.l, The national situation

Figure L.4. provides an overall piciure of mcasles incidence in

England and Wales during the period 1961-65. Quite obviously in the
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case of an epidemic disease such as measles it would not be wise to
place too much emphasis upon the interpretation of a map constructel
for such a protracted time period. Nevertheless, it is perhaps
interesting to note the appearance of ar extensive area of high
incidence in south-central England which approximates to the demo-
graphic centre of the country. In contrast, the more remote and less
populous districts of Wales constitute a consoliaated areca of low
notification rates. County Durham, whilst not outstanding in terms of
its absolute notification rates, does however emerge as a significant
area of high incidence, bearing in mind its relative importance in

demographic terms.

Loho2. County Durham

During the period 1961-65 just over 87,500 cases of measles were
notified for County Durham and its associated county boroughs, yielding
a mean énnuai notification rate of 1,154 per 100,000. Figure 4.5.
shows the spatial distribution of mean annual notification rates by
local authority for the five year period. It is interesting %o note
that there was in fact as much variation in incidence within the County
as had been noted for England and Wales as a whole (figure L4.4. and
table 4.l.). Two distinct areas of high notification rates emerge from
the map. The first of these, located in South Tyneside, centred on the
urban districts of Felling, Hebburn and Jarrow, and extending socuth into
VWearside, is by far the more significant at least in demographic terms.
Furthermore, as will be shown later this is the area which appears to
act as the gathering ground for infection before an epidemic occurs.
Secondly, there is a less well-defined area of high notification rates
to the south-west of the County, centred on Brandon and Bishop Auckland,
and extending towards Barnard Castle. Although perhaps not particularly

impoftant in terms of the absolute number of cases recorded, it is
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Figures 4.6. to 4..10

Monthly notification rates for mea.s1 es in County Durham
1961 -65 (per 100,000).
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nevertheless extremely important t'rom an epidemiological point of view,
since it would appear that it is here that the infection tends to
smoulder during the long inter-epidemic periods.

In complete contrast there is a consolidated area of low incidence
to the south-east of the County, incorporating north Teesside, West
Hartlepool and the rural districts of Sedgefield and Stockton. In this
case, recorded notification rates were up to 50% less than in south
ITyneside. The remainder of the County, including much of central and
north-west Durham, recorded moderate to low values. However, in this
case, it was not possible to discern any marked pattern or trend in the
distribution of incidence.

As an initial step in the investigation of epidemic spread the
monthly notification rates were mapped, using the computer mapping
programme (see chapter 3 above) producing a series of 60 chorographic
distribution maps for the d’sease (figures 4.6. to 4.10.). From a merely
cursory examination of this sequence of maps it was possible to distin-
guish quite clearly the three major periods of eﬁidemic activity
already suggested by figure 4.1l. It was alsonggssible to recognise
the existence of a number of distinctive focal points from which the
measles virus appeared to be disseminated during times of epidemicity.
These localities were usually first to experience a distinctive rise;
or 'onset', of the disease. Moreover, these foci were generally found
to experience a more prolonged period of epidemic activity than other
parts of the Cognty.

At the same time, it was possible in certain-cases to trace the
apparent dissemination of infection itself between adjacent local
authorities from one month to another, thereby suggesting the existence

of well-defined pathways of epidemic spread.
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bl 2.1, The 1961 epidemic

In the case of the first epidemic wave, the calendar year of
1961 was arbitrarily adopted as the time period for investigation,
despite the fact that conditions of widesprcad epidemicity were
largely confined to the first half' of the year.

An initial perusal of the wmonthly case rates and figure L.6.
revealed that the advanced signs of épidemicity were already manifest
by the January of the year. By that stage, South Shiclds C.B.,

Stanley and Hartlepool had monthly notification rates in excess of

320 per 1C0,000. These three local authorities, together with the
rélatively isolated urban district of Barnard Castle - which literally
"exploded' into epidemic activity during February - were selected as
the primary epidemic foci, frcw which the infection spread out into
surrounding areas. The high January case rates for Easington R.D.

and Jarrow M.B. were explained in terms of their proximit; to the
primary foci of Hartlepool and South Shields respectively.

Having postuleted the four primary foci of epidemicity, this
hypothesis was tested by a comparative study of the individual epidemic
regimes for the other local authority areas within County Durham. This
was achieved with the aid of figure 4.11., a simple application of the
'wind rose' principle. At the outset, it must be stated that this
application of this technique is quite experimental in an epidemio-
logical context. As such the measure of success which has been achieved
rrust be gauged objectively by the reader. Neverthgless, several
interesting points do cmerge from a closer examination of this parti-
cular cartogram.

Firstly, with the exception of small nuclcated settlements such
as Tow Law and Barnard Castle, there appeared to be a gradual diminution
in total incidence of measles, froﬁ north to south, particularly in the

eastern half of the County. Secondly, the areal differentiation of the
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individual epidemic regimes tended to support the four Foeci hypothesis,
in so far as the adjacent areas to the foci experienced a relatively
early peak monih, as compared with more remote authorities. Thus in
the case of Barnard Castle, a steady migration of infection can be
discerned: tihe peek month occurring in Darlington R.D. in Maich;
Barnard Castle R.D. and Darlington C.B. in April; and finally Weardale
in May.

In the case of the more remote areas -~ 'remote'in the sense of
being removed from the epidemic foci - north Teésside and south-west
Durham proved to be of particular epidemiological interest. In both
cases, the origin of the infection appeared from the cartographic
evidence to have been the northern foci of Stanley and South Shields
respectively. For this reason the arrival of the epidemic p-ek appears
to have been retarded in both caées; occurring during May in the rural
districts of Sedgefield and Stockton; June at Bishop Auckland; July at
Stockton K.B. and Billingham; and finally during August at Spennymoor.
It is perhaps interesting to note that this situation is at variance
with the findings of Wilson (1905:68) who states that although the
month of peak epidemicity could vary quite significantly, in particular
localities from year to year, the months of July and August did not
- appear to support such epidemic conditions.

Since for the purposes of primary analysis, figure 4.ll. was
deemed to be rather complex, the fundamental elements of epidemic spread
during the year were subsequently investigated by means of the ‘centre
of gravity' principle; a method which had been successfully applied to
the study of the spread of influenza in England and Wales during the

epidemic of 1957 (Hunter and Young, 1969). Initially the centroidal
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coordinates(l) were calculated on a weekly basis, and then plotted on
to & suitable chorographic base map. However, because of the statis-
tical insipgnificance of the weekly figures, particularly during the
latter half of the year, the resultant centrogram pattern was so hap-
hazard and complex that further analysis at this level was decmed
inappropriate. Accordingly, the situation was rationalised to the
analysis of a centroidal. pattern based on a series of consecutive five
week periods (figure 4.12.). PFrom this map it may be seen how, by the
beginning of the year, the centroid had already migrated to the north
of the County; in response to the build up of infection in Tyneside,
particularly in South Shields and Jarrow. The subsequent dissemination
of the virus from these focal or 'reservoir' areas is reflected in a
correspondiﬁg westerly shif't in the position of the. centroid during
the next three time periods, representing the development of epidemic
conditions over much of ﬂorrh and west Durham,

During periods 5-7, the translation of the centroid occurred in

a predominantly southerly direction, although incorporating a signifi-

cant-ééstérl& component. Thi; vas indicativé_of tge fact tha;_the
northern areas had already undergone the major part of their epidemic
regime, which facilitated the relativé rise to dominance of the central
~ and soufh—eastern areas of the county. During the last four time
periods (8-11) the centroid continued to migrate quite substantially,
particularly between periods 9 and 10. However, bearing in mind the

relatively small number of measles cases recorded towards the end of an

epidemic period, it would appear that the location of the centroid is

(1) A centroid, or centre of gravity, may be defined as that point at
which a given spatial distribution would balance, if each individual
of the distribution were considered to have the same mass; thereby
exerting a force proportional to its distance away from the central
point. As such, the centroid may only be considered a rather crude
index of geographical shift.
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determined to an increasing extent by chance fluctuation in the data.
Conscquently, all that may be said of this period is that, in all
probability, there was a tendency for the centroid {o re-establish

itself in a position of relative spatial equilibrium.

4eko2.2. The 1962-3 Epidemi.c

Although this second epidemic period did not achieve the same
intensity as the first - gauged by the pezk montﬁ incidence (figure 4.1.) -
the overall number of notificetions was in fact very similar, at approxi-
mately 30,000. In this case the epidemic season was regarded as
extending from October 1962 to September 1963.

An examination of the maps of monthly notif'ication rates for the
period (figures 4.7. and 4.8.) suggested a fairly well-defined pattern
of epidemic spread. This situation was rationalised by constructing a
map showing the month of onset of epidemic conditions by local authority
(figure 4.13.). This is analysed in some detail below.

Apart from the somewhat anomalous early onset recorded for
Sunderland rural district, there appeared to be three separate foci of
infection within the County. The most important one of these, in terms
of the absolute number of cases involved, was located in scuth-east

Tyneside, and centred on the urban district of Hebburn which recorded
an epidemic rise as early as November 1962. It seems likely that dis-
semination of the virus took place from this focus into the rest of
Tyneside and also southwards along the Durham coast as far as The
Hartlepools.

The second focal area, centred on Durham City, appears to have
produced a far more significant spatial dissemination of the disease.
Indeed, in all probability, its sphere of influence extended to
Byton in the north-west of Durham, Weardale in the west and to Darlington
in the south. The third and final area, exhibiting a particularly

early onset, was Stockton R.D. (November 1962). However, in this case,
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the schematic flow lincs for the area indicete that its influence
would appear tc have been restricted to the immediate environs of
Teesside.

The remarkable differences in month of onset between one part
of the county and another in the 1962-63 epidemic may help to explain
in part the varying epidemic regimes noted in section 4.3. above.
Thus in the south-east of the county, a relatively late onset provided
an appreciably longer period for the recruitment or the replacement of
susceptibles and also the waning of the temporary immunity factor;
thereby facilitating a correspondingly greater intensity of epidemic
activity. For example, in the case of Easington with a 30 month inter-
val between epidemic peaks, an overall notification rate of 1,850 per
100,000 was recorded for the five principal epidemic months {uarch to
July 1963). This compared with a notification rate of only 1,25 for
Hebburn (November 1962 to March 1963) with only a 20 month interval

between epidenmics.

Loh.2.3. The 1964-65 Epidemic T

Figure 4.l. indicates that the 1964-65 epidemic season was com—
posed of two distinct elements:_a) a pre-epidemic rise from May to
. August 1964 and b) the major epidemic period from October 196 to
August 1965. For the purposes of the present investigation of spatial
dissemination, the pre-epidemic rise was omitted, and the epidemic
season was deemed to extend from October 1964 to Septembér 1965.

As in the case of the previous epidemic seasbn, an appropriate
onset map was constructed (figure 4.14.) from the evidence presented
by the maps of monthly notifiéation rates (figures 4.9. and 4.10.).
Subsequent interpretation, agein using schematic flow-lines, revealed
a more complex pattern than in the previous epidemic, although even so

a number of interesting features emerged.
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Two principal f'oci of infection were suggested by the distri-
bution of the onset months. IFrom these points, there appears to have
been a widespread spread of the virus., The more important of tha two,
epidemiologically-speaking, centred upon Sunéerland C.B., and inccr-
porating the adjacent urban areas of Seaham, Boldén and Hebburn, and
Sunderland Rural District, experienced an epidemic rise during October
1964, In the south-west of Durham, which constituted the second focal
area, the local authorities of Crook and Bishop Auckland, together with
Darlington R.D., all exhibited & remarkably sarly onset during Octcber
1964.

In the first of these two areas, the immediate epidemic spread
appears to have been considerably localised, as is indicated by the
occurrence of relatively late onset months for the adjacent local
authorities, extending in an ard from Felling U.D. to Easington R.D.
On the other hand, the dissemination of the virus from south-west
Durham seems, from an examination of figures 4.9. and 4.10., {0 have
been rapid and relatively uninhibited. Furthermore, it would appear
that the early epidemic rise in Bishop Auckland and Crook represented
merely a'pre-epidemic phase. The true epidemic onset did not occur
until much later - viz. March 1965. In this case the disease appears
" to have doublea back on itself, after the initial period of seeding
(Andrews 1951). It is this particular factor which accounts for the
inclusion of two separate onset months, for these two local authorities

(figure 4.14.).

4..5. The influence of aetiological factors in epidemic spread

The majority of previous work on the generation of measles
cpidemics has attached particular importance to the accumulation of
susceptible materisl as the initiating factor in epidemic spread.

Indeed Wilson (1905:81) goes so far as to discount the influence of
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"atmospheric or similarly widesprcad conditions". However, since
susceptible accumulation following an epidemic phase -~ either by
birth and/or immigration - is by no means a constant process, it is
perhaps difficult to account for the extreme regularity of measles
epidemics purely in these terms. Consequently, il was postulated
that there must be an additional factor or factors which would act

as a trigger or catalyst in promoting epidemicity. It was the search
for such a factor which formed the major part of this study. The
results of this investigation are summarised below, under a number of

factor headings.

4.5.1. Population size

By correlating the home population of each local authority with
the corresponding notification rates, it was hoped to discover whether
or not the demographic size of settlements played a part in determining
the incidence and distribution of measles.

| Although a substantial number of correlations were undertaken,
employing the weekly, monthly and annual notification rates for the
three epidemic periods, at no time did the coefficients of correlation
aéhieve a sufficient level of statistical significance (0.05>P). It
may therefore be concluded with a considerable measure of confidence |
that settlement size in itself appeared fo be exerting little or no

influence upon the distribution of measles within the county.

4.5.2. Densitly

The relevant statistics for three indices of population density
were abstracted from the county census returns for each local authority

as follows:-

(a) Physical density, the number of
persons per acre.
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(b) Social density, the number of
persons per room.

(¢) Overcrowding, the percentage of
persons living at more than
1% persons per room.

The necessity of considering tliree different density factors,
springs from the recognition of three distinct levels or processes
involved in the actual dissemination of the disease. Firstly, there
is the transmission of infection from settlément to settlement;
secondly, there is the transfer of the virus between households in &
particular settlement or neighbourhood unit (often facilitated by the
local school); and thirdly there is the passage of the disease from
individual to individual within a single family.

For the epidemic year 1961, the three density indices were
correlated with the weekly notification rates for the forty local
authority areas in County Durham. This yielded a sequencc of 52 co-
efficients of correlation for each of the density factors. These were
then plotted out as a time series; which facilitated a visual correla-
tion with the epidemic regime for the corresponding period (figure 4.15.).
It may be seen how closely the coefficients of correlation for the
three indices correspond with the various stages of epidemicity.

During the early stages (middle of January) a significant associ-
ation was seen to exist between the spatigl distribution of measles
incidence and the percentage of the population living at more than 1%
persons per room. This suggested that in the pre=-epidemic stages of
the cycle, tne virus was gathering momentum in the areas with a high
level of overcrowding. In this respect, the whole of Tyneside, Viear-
side and the Hartlepool area appear to be particularly favourable
locations, with over 10% of the population living at more than 1%
persons per room. Indeed it is perhaps not surprising to discover
that three out of the four designated epidemic foci were located in

these areas.




From the beginning of' February to the end of March 1961 - the
period including the peak of the epidemic -~ it was density per acre
which produced the most'significant degree of association with the
incidence of measles. This trend wes indicative of the dissemination
of the infection from the major epidemic foci to adjaceni urban areas
of high density housing. However, it appears that this process of
dissemination was concentrated predominantly in the northern part of
the County, and especially in south Tyneside. This fact may help to
explain why there was no apparent association between the population
size of local authorities and measles incidence.

From the end of March to the end of April, overcrowding again
asserted itself in the statistical determination of the disease pattern.
This suggested that the virus was being disseminated even furiier
afield during this period, espscially to those localities exhibiting
a high degree of nucleation in association with poor or inadequate
housing conditions - e.g. the urban districts of Seaham, Hetton and

Consett.

During the period of epidemic wane, from tﬁe beginning of May to
the end of September, the coefficients of correlation between density
per acre and measles incidence were consistently negative in sign,
although statistically insignificant. This secmed to suggest that the
virus,having run its course in the major urban areas of Durham, was
now engaged upon a systematic infiltration of the more dispersed settle-
ments, particularly in the centre and west of the county (cf. figure 4.6.).
The validity of this hypothesis was enhanced by the contemporaneous
decline in the degree of corfelation involving the overcrowding index.
This once agaih was indicative of ﬁhc migration of the epidemic wave to
a more dispersed social environment. However, it should perhaps be
borne in mind that as the epidemic wanes the statistical significance

of correlations based upon progressively smaller nunbers of measles
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notifications, invariably declines. Thus it is perhaps unwise to

draw more than tentative conclusions from the data during this period.

L.5.3. Meteorological factors

Since all three measles epidemics under consideration had
exhibited a markedly seasonal character ~ with an initial rise during
autumn or early winter, and a peak incidence occurring during the
first quarter of the following year (figuré 4..) - it was thought
likely that particular meteorological factors might be exerting an
aetiological influence, in promoting the onset of epidenmic conditions.
With this in mind, an initial investigation was made to see whether
such a relationship or relationships could be proved at the local level.
Accordingly, monthly statistics for nine climatic variables - including
the parameters of temperature, rainfall, sunshine, cloud cover, air
pollution and wind speed -~ for the Durham University obsesvatory were
correlated with the corresponding monthly notification rates for the
years 1961-65 inclusive.

Of the 100 coefficients~of correlation thch were obtained only
5 proved to.be statistically.significant (PL0.05), and all of these
were associlated with the single variable of air pollution., Moreover,
even in the case of this factor, the coefficients of correlation
obtained were seen to vary quite considerably from year to year, and
they only achieved a sufficient degree of statistical significance

(P <€ 0.05) in fifty per cent of cases.

L.5.4. Atmospheric pollution

Despite the rather unconvincing results obtained from the initial
analysis of the meteorological parameters, the suggested, if inter-
mittent, association between the incidence of measles and air pollution

was adopted as a working hypothesis for more detailed investigation.
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Appropriate monthly air pollution statistics were collated for as
many other sample points as possible in County Durham (Warren Spring
Laboratory) for the three epidemic seasons and for the following four
parameters:~

(a) The mean daily smoke concentration

(b) The highest daily smoke concentration

(¢) The mean daily concentration of atmospheric Sulphur Dioxide

(d) The highest daily concentration of atmospheric Sulphur Dioxide
(In each case the concentration is given in microgrammes per cubic
metre).

At the beginning of the five year period, there were only four
local authorities in the whole of County Durham officially recording
atmospheric poll-ution. As a result, it was deemed necessary, under
certain circumstances, to sanction the application of air poliution
data for a given site to a number of surrounding local avthority areas
which did not have recording facilities. For example, the 1961 air
pollution statistics for Gateshead were adopted for use in the con-
sideration of Felling, Hebburn and Jarrow, as well as for the county

borough itself.

L.5.4,1l. The 1961 epidenmic

In 1961 (Table 4.2.), it may be seén how the majority of signi-
ficgnt correlationswere (a) positive in sign and (b) associated with
sulphur dioxide levels rather than the amount of swmoke in the atmosphere.
The only two significént negative correlations were recorded in the
cases of Stockton M.B. and Billingham U.D., and utilising the pollution
~data for Middlesborough. However, as has already been noted
(section 4.4.2.1; above) during the 1961 epidemiz periocd, Teesside
appears to have been completely anomﬁlous both in terms of its overall

incidence of measles and also its peculiar epidemic regime.
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Of the local authorities exhibiting positive correlations
between measles incidence and air pollution characteristics, rarti-
cularly high correlations (P € 0.Cl) were found in the case of two
of the epidemic foci defined in terms of epidemic onset., For the
urban district of Stanley, the values for both the average and the
highest concentration of atmospheric sulphur dioxide (recorded for
Blaydon) correlated very significantly (P < 0.01) with the corres-
pondirg monthly notificationlrates for measles, although the results
for smoke pollution were not quite so encouraging. In the case of
South Shields C.B. a similar range of coefficients was noted. The
left-hand diagram in figure 4.16. indicates that the correlation
invelving the mean daily concentration of sulphur dioxide was parti-
mlarly marked (coefficient of correlation +O.88, P<L0.001). Tt is
also interesting to note that the adjacent local authority of Jarrow
displayed a similar degree c¢f statistical association (utilising the
pollution data from Gateshead CfB.). It would appear that Jarrow,
by virtue of its proximity to South Shielcds, displays many of the
épidemiological characteristics of the focal areas théﬁselvé;. - B

One surprising anomaly in the overall situation is provided by
the laék of statistical association between air pollution and the
incidence of measles in the Hartlepool area, which was originally
defined as one of the epidemic foci. Indeed, the coefficients of
correlation were consistently negative in the case of Hartlepool M.B.

which would suggest, if anything, an inverse relationship.

Lo5.b.,2. The 1962-63 epidemic

For the 1962-63 epidemic season, a total of eight local authority
areas were investigated, including the proposed epidemic focus of

Hebburn U.D.
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Table 4.3. reveals that it was once again the flocal area which
provided the most significant statistical correlations. Three out of
the four perameters studied yielded coefficients of correlation which
were statistically speaking very highly significant (P <0,001l). The
regressions involving the sulphur dioxide content of the atmosphere
are shown in figure 4.16. It is also interesting to note that, as in
the case of the 1961 epidemic, the adjacent local authorities of
Jarrow, South Shieléds and Gateshead all exhibited consistently positive
coef'ficients, whilst more remote areas from the epidemic focus, such as
Hartlepool, Sunderland and Blaydon displayed a p