STATISTICAL STUDIES
IN

INFECTIOUS DISEASE

By

william P.D.Logan, B.Se., M.B., Ch.B., D.P.H.

A Series of Statistical Studies of the Epidemio-
logical Behaviour of Scarlet Fever, Diphtheris,
Measles, and Whooping Cough in Glasgow between
1916 and 1945, with special reference to Age-

Incidence and to Sociai Environment.



ProQuest Number: 13850484

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 13850484

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



PREFACE.

This work comprises a series of statistical investig-
ations into certain aspects of the behaviour of Scarlet
Fever, Diphtheria, Measles, and Whooping Cough in Glasgow
between the years 1916 and 1945.

References in the literature to variations in the age-
incidence of Diphtheria in various parts of the country,
ineluding Glasgow, prompted me to investigate changes in
the age-distribution of cases and of deaths not only in
Diphtheria but also in these three other common infectious
diseases of childhood. |

1t will be shown that whereas an age-shift in morbidity
towards a higher age has occurred not only in Diphtheria
but also in Measles and Whooping Cough, 1in Scarlet Fever
on the other hand the age-shift in mordbidity has been in
the opvosite direction, that is towards a younger age.

The suggestion having been made by certain workers that
age-shift in Diphtheria in London was assoclated with var-
iations in social environment, 1 thereupon proceeded to
study the relationships between the morbidity and mortality

of the four diseases, age of attack, and social environment.

ii
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Here again, 1t will be shown that the behaviour of Scarlet
Fever has differed in certain respects from that of the
other diseages. |

I have attempted as far as possible not only to present
all the initial numerical data on which these studies are
based but also to desceribe in detail the elementary stat-
istical methods of analysis that have been employed. This
has necessitated the inclusion of a large number of tables,
the accompanying text being in the nature of a commentary
upon these tables. In my final chapter I have discussed
certain of the more notable features in the behaviour of
the diseases as revealed in the earlier chapters, and I
have offered some suggestions concerning the possible epi-
demiological processes that have been at work.

It is a limitation of the statistical method that
while it may, by classification and analysis, reveal hith-
erto unrecognised trends and associations, it does not, of
its own, explain these trends and associations. At the
most, it can do no more than point out the probable direct-
ion in which we must look for the explanations we seek.
Accordingly, in my discussion chapter, I am able to offer
only the most tentative suggestions to explain the behav-
iour of the diseases, and, more particularly, the appar-

ently abnormal behaviour of Scarlet Fever.

It is not suggested that as a result of these studies



iv

any revolutionary change in outlook on the problems of
epidemiology will be achieved. This work is but one of
those which individually contribute little of immediate
value towards the advancement of mediecal knowledge, but
which collectively may lead to a fuller understanding

of the relationship between man and micerobe, and so carry
us a little further along the road towards victory over

infectious disease.

It is with pleasure that I acknowledge the encourage-
ment and advice that 1 have received from Dr. Thomas
Anderson, lLecturer in Infectious Disease at the University
of Glasgow. My thanks are due also to Dr R.A.RobbD,
Lecturer in the mathematics Department of the university
of Glasgow, who advised me on certain statistical matters,
and to Miss mMary Knox, Librarian in the Public Health
Department of Glasgow, whoé directed me towards the source

of much of the statistical data that I have employed.

115, Wilmington Gardens, William P.D.ILogan.

Barking, Essex.

Avgust, 1947.
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CHAPTER 1

B Intféduct ion.



Section 1.

Morbidity, Mortality, and Fatality Rates in
Searlet Fever, Diphtheria, Measles, and Whooping Cough.
(1916-1945)

This work onens with a general survey of the morbid-
ity, mortality, and fatality rates in the four diseases
in Glasgow from 1916 to 1945.

In Glasgow an annual register 1is maintained by the
Medical Officer of Health of all cases of statutorily
notifiable infectious diseases, and, in addition, of cer-
tain other infectious diseases not statutorily notifiable
but of whose occurrence the Medical Officer of Health has
become aware. Among the latter are included reasles and
Whooving Cough, neither of which is as yet notifiable in
Scotland.

The term "registered” cases ig a convenient one where-
with to describe all the cases entered in the recister. The
term is not synonymous with "notifications” since it in-
cludes cases which have not been notified in the ordinary
sense. Further, the register is amended for known errors
of diagnosis. Throughout the course of this work num-
erical data concerning mrorbidity in Glasgow will bhe based
uvon "registered" cases.

The statisticecs both of morbidity and mortality which
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constitute the starting point of'these studies have been
obtained from two sources, (i) the published Annual Reports
of the medical Officer of Health of Glasgow, and (1ii) the
unpublished annual records of the Public Health Library,
access to which was allowed me during a course of post-
graduate study in the lnstitute of Hygiene of the University

of Glasgow.

The actual annual numbers of "registered" cases and of
deaths attributed to each of the four diseases are shown
in Table 1. Table 2 expressed the same data as rates per
million of the total city population for each year. The
population figures on which these rates have been based have
been obtained from the Annual Report of the Medical Officer
of Health for 1945 in which are given annusl vopulation
estimgtes since 1861.

In Table 3 the actual numbers of cases and of deaths have
been aggregated for 5-year periods and for the whole 20
years, and in Table 4 these aggregates have been reduced to
average annual rates per million total population for each

b-year period, and for the 20-year period.

Morbidity rates.
The case-rates for Scarlet Fever vary between 1,258 cacses

per million in 1918 and 8,315 cases per million in 1932.



Table 1,

Annual Cases and Deaths, Actual Numbers, Glasgow, 191€-45,

Year Scarlet Fever Diphtheria Measles Whooping Cough
Cases Deaths Cases Deaths Cases Deaths Cases Deaths

1916 4073 161 1336 136 10435 516 1682 159
1917 1806 36 1267 153 12967 628 11027 854
1918 1327 25 1534 183 8630 369 4038 412
1919 2724 49 1812 161 9039 328 6709 628
1920 3767 59 2017 160 11797 311 2671 145

1921 3517 54 1856 129 3050 110 10748 690
1922 3475 75 1689 139 18868 1286 2850 198
1923 3568 12 1767 145 10305 560 4942 371
1924 3184 79 1899 137 8316 516 10048 648
1925 3812 68 1736 113 6507 118 12194 587

1926 4684 88 2294 132 16117 427 3818 182
1927 4117 44 3036 113 8983 307 9993 364
1928 3224 34 2581 140 10018 376 8055 381
1929 3331 40 2086 135 6421 80 5046 253
1930 4918 41 2580 145 12314 266 5726 225

1931 6980 T4 2065 119 15268 416 9136 464
1932 9105 102 2100 119 5524 187 4623 128
1933 8339 83 2318 89 938 4 6412 227
1934 5917 77 2598 161 24423 514 5830 176
1935 4009 37 2409 115 890 8 T74T 277

1936 4290 33 1923 54 20111 311 4174 117

1937 5563 29 2283 116 2244 29 8676 285
1938 4008 29 2790 132 15724 257 4102 88
1939 2934 11 3121 163 1452 2 6279 150
1940 1835 10 5142 226 10889 97 868 20
1941 1880 T 4008 155 1567 11 10917 286
1942 3060 9 3300 90 8255 65 1161 28
1943 3084 5 2893 81 7783 31 5515 90
1944 3355 7 2336 62 6299 16 3624 36
1945 3362 4 1943 33 5975 24 2744 35



Table 2.
Annual Case and Death Rates per Million Total Population.

Glasgow, 1916~45,

Year Scarlet Fever Diphtheria Measles Whooping Cough
Case  Death Case Death Case Death Case Death
Rate Rate Rate Rate Rate - Rate Rate Rate
1916 3910 155 1282 131 10014 495 1614 155
1917 1723 34 1209 146 12372 599 10521 815
1918 1258 24 1454 173 8180 350 3827 391
1919 2567 46 1706 151 8511 309 6317 591
1920 3527 55 1889 150 11046 291 2501 136
1921 3272 50 1727 120 2837 102 9998 642
1922 3233 T0 1571 129 17552 1196 2651 184
1923 3322 67 1645 135 9595 521 4601 345"
1924 2965 T4 1768 128 7745 48C 9356 603
1925 3552 63 1618 105 6064 110 11364 547
1926 4297 81 2105 121 14786 392 350% 167
1927 37717 40 2785 104 8241 282 - 9168 334
1928 2958 31 2368 128 9340 345 7390 350
1929 3061 37 1916 124 5896 T3 4637 232
1930 4516 38 2%69 13% 11308 244 5258 207
1931 6415 68 1898 109 14033 382 8397 426
1932 8315 93 1918 109 5045 171 4222 117
1933 7560 T5 2102 81 850 4 5813 206
1934 5302 69 2328 144 21884 461 5224 158
1935 3583 33 2153 103 795 7 6923 248
1936 3830 29 1717 A8 17956 278 3727 104
1937 4967 26 2038 104 2004 26 7746 254
1938 3553 26 24753 117 13940 228 3637 78
1939 2601 10 2767 145 1287 2 5566 133
1940 1756 10 4921 216 10420 93 831 19
1941 1799 7 3835 148 1500 11 10447 274
1942 2928 9 3158 86 7900 62 1111 27
1943 2951 5 2768 78 7448 30 5278 86
1944 3195 7 2225 59 5999 15 3451 34
1945 3202 4 1850' 31 5690 23 2613 33



Table 3 .

Cases and Deaths, Actual Numbers, for S~year Periods and
for thd 30 Years, Glasgow, 191645,

Years Scarlet F, Diphtheria Measles Whooping C,

Cases Deaths Cases Deaths Cases Deaths Cases Deaths

1916-20 13697 330 7966 793 52868 2152 26127 2198
192125 17556 348 8947 663  ATO46 2590 40782 2494
1926-30 20274 247 12577 665 53853 1456 32638 1405
193135 34350 373 11490 603 47043 1129 33748 1272
193640 18630 112 15259 691 50420 696 24099 660
1941-45 14741 32 14480 421 29879 147 23961 475

1915-45 119248 1442 70719 3836 281109 8170 181355 8504

Table 4,

Case and Death Rates, Average Annual Rates for S5-Year
Periods and for the 30 Years. Glasgow, 1916-45,
( Rates per Million Total Population)

Years Scarlet F, Diphtheria Measles Whooping C,

Case Death Case Death Case Death Case Death
Rate Rate Rate Rate Rate Rate Rate Rate

1916-20 2597 63 1510 150 10022 408 4953 417
1921-25 3269 65 1666 123 8760 482 T594 464
1926-30 3721 45 2309 122 9885 267 5991 258
193135 6221 68 2081 109 8519 204 6112 230
1936-40 3362 20 2754 125 9099 126 4349 119
1941-45 2815 6 2766 80 5707 28 4576 91

1916-45 3682 45 2183 118 8679 252 5599 263
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The average annual rate for the whole period is 3,682. On
the whole, there has been little variation between one year
and the next, and only one period of high prevalence has
occurred, from 1920 to 1924. Accordingly the average
quinquennial rates show an almost symmetrical rise and fall
/f;%n?%%is period of high prevalence in the fourth quinquen-
nium. There is no evidence that Scarlet Fever is tending
to become either more or less prevalent.

The lowest annual case-rate for Diphtheria is 1,209
in 1917, and the highest 4,921 in 1940. The average annual
rate over the 30 years is 2,183 per million total population.
No marked fluectuations have occurred between one year and
the next. The general trend is one of increasing prevalence
towards the peak in 1940. Thereafter there has been a
progressive annual fall. In 1945 the case-rate was below
2,000 for the first time since 1926.

An entirely different picture is presented by the annual
Measles case-rates. Eere the lowest annual rate is 795 in
19235, end the highest 21,884 in 19Z4. The average asnnual
rate over the whole period is 8,679. Measles in Glasgow
exhibits biennial periodicity, epidemics commencing typically
towards the end of each odd-numbered year and carrying on
into the first few months of the succeeding even-numbered
year. When the period of epidemic prevalence balances

itself between the end of the one year and the beginning

of the next,the annual case-rates of each of the two calendar
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years will be similar, (e.g. 1927, 8241 cases per million,
and in 1928, 9,340 cases per million). On some occasions
the peak of the epidemic has occurred earlier than at the
very end of the year, and on such occasions the odd-numbered
year shows a higher case rate than the even-numbered year. |
This happened in 1917-18, in 1923-24, end in 1931-32. More
often, however, the epidemic peak has been delayed to the
spring months of the even-numbered year, with the result that
a very low incidence has occurred in the odd-numbered year.
Violent inter-annual fluctuationsfrom this cause have
occurred in 1921-22, 1933-4, 1935-36, 1937-22, 1939-40, end
1941-42. The quinquennial average rates do not altogether
smooth out thése fluetuations since the odd-numbered and even-
numbered years interchange in preponderance in each 5-year
period. The last gquinquennium shows some fall in incidence
from what had gone before.

As in Measles, biennial periodicity also occurs in
Whooping Cough, and inter-arnusl fluectuations in case-rates
are frequently seen. The lowest annual rate is 831 per
million in 1940, and the highest 11,364 in 1925. The 30~
year average annual rate is 5,599 cases per million. The
periodic epidemics of Whooping Cough tend on the whole to
alternate with those of Measles and occur at the end of each
even-numbered year and the beginning of each odd-numbered

year. The balance between the two years is more complete



than in Measles, and inter-snnual fluctuations are there-
fore less vilent. The quinquennial aversge rates indicate
that Whooping Cough has been rather less prevalent in the
last two quinquennia than in the earlier ones.

On the whole, looking at all four diseases, we may say
that apart from periodic fluctuations, the general trend
of incidence for all four diseases shows little evidence

of increase or of decrease over the course of the 30 years.

Mortélity Rates.

The position with regard to death-rates from these
diseases 1s entirely différent from that of case-rates.

With Scarlet Fever the highest death-rate, 185 per
million total population, cccurred in 1916, and the lowest
4 per million occurred in 1945. The 30-year snnual
average was 45 per million. The period of high case-prev-
alence kept the death-rates at a higher level, but in the
lest two quinquennia there is evidence of a substantial fall,
a fall which has been fairly progressive from year to year
since 1932.

The highest annual death-rate from Diphtheria, 216 per
million, occurred in 1940, and the lowest, 31 rer million
occurred in 1945. The 30-year annual average was 118 per

million. The Diphtheria death-rates remained fairly steady



up to 1939, rose sharply during the 1940-41 epidemic, and
thereafter dropped very rapidly.

Measles had its hiéhest death-rate in 1922, 1,196 per
million, and its lowest, 2 deaths per million in 1939. The
annual average was 252 per million. The death-rates
fluetuate with the case-rates, but there has been & pro-
gressive fall in death-rate throughout the period, more
especially in the last quinquennium.

The Whooping Cough death rate was highest in 1917 with
a rate of 815 per million, lowest in 1940 with a rate of 19
per million, and averaging over the 30 years, 262 per million.
As with the other diseases, death-rates fluctuate with case-
rates, but there has been o progressivé fall in death-rates

over the whole period.

Fatality Rates.

During the course of this work the expression "fatality
rate” will be employed to indicate the number of deaths per
100 registered cases.

The fatality rate in each disease for each year is shown
in Table 5, while the average fatality rates for each
quinquennium and for the 30 year period are given in Table
6.

In each disease there is ar almost progressive redvetion

in fatality rate, year by year, from the beginning of the



Table 5.

Annual Fatality Rates, Glasgow, 1916~45,

Year Scarlet Fever Diphtheria Measles Whooping Cough

1916 4.0 10.2 4.9 9.5
1917 2.0 12,1 4.8 T.7
1918 1.9 11,9 4.3 10,2
1919 1.8 8.9 3.6 9.4
1920 1.6 7.9 2.6 5.4
1921 1.5 7.0 3.6 64
1922 2,2 842 648 609
1923 2,0 8.2 5e4 7.5
1924 2.5 7.2 6.2 6.4
1925 1.8 6.5 1.8 408
1926 1.9 548 2.6 4.8
1927 1.1 3.7 3.4 3.6
1928 1.1 5.4 3,8 4.7
1929 1.2 6.5 1.2 5.0
1930 0.8 5.6 2.2 349
1931 1.1 5.8 2.7 5.1
1932 1.1 57 3.4 2.8
1933 1.0 3.8 0.4 3¢5
1934 1.3 6.2 2.1 3,0
1935 0.9 4.8 049 3.6
1936 0.8 2.8 1.5 2.8
1937 0.5 5.1 1.3 3¢3
1938 007 407 106 201
1939 0.4 5.2 0.1 2.4
1940 0.5 4.4 0.9 2.3
1941 0.4 3.9 0.7 2.6
1942 0.3 2.7 0.8 2.4
1943 0.2 2.8 0.4 1.6
1944 042 2.7 0.3 1,0
1945 0.1 1.7 0.4 1.3



Table 6,

Quinquennial and 30-year Fatality Hates, Glasgow, 1916-45,

Years Scarlet Fever Diphtheria Measles Whooping Cough
1916-20 2.4 10,0 4.1 8.4
1921-25 2,0 T.4 55 6.1
1926-30 1,2 5¢3 2.7 4.3
193135 ‘ 1.1 542 2.4 ' 3.8
1936-40 0.6 4.5 1.4 2.7
1941-45 0.2 2.9 . 0.5 - 2.0

191645 1.2 5.4 2.9 4T



period to the end. The Scarlet Fever fatality rate has
fallen from 4.0 in 1916 to 0.1 in 1945. The Diphtheria
fatality rate has fallen from 12.1. in 1917 to 1.7 in 1945.
The fatality rate of Measles was highest, 6.8, in 1922, and
lowest, 0.1y in 1939. Whooping Cough had a fatality rate
of 10.2. in 1918, and of 1.0. in 1944.

For the purpose of more readily comparing the general
trend of the diseases, one with another, Table 7 has been
prepared from the foregoing tables to show the relative
trends of the case,death, snd fatality rate in eact quin-
quennium, 811 the rates for 1916-2C being taken as 100 and
,thé rates for the succeeding quinquennia being expressed as
percentages of the 1916-20 rates.

It becomes apparent that the fall in death rate and in
fatality rate has not occurred to the same extent in each
disease. Measles shows the greatest fall in death-rate,
followed closely by Scarlet Fever, the Whooping Cough death-
rate has in the last quinquennium dropped to rather less than
one quarter of what it was in the first quinquennium, and
the Diphtherias death-rate has just failed to halve itself.

Searlet Fever shows the greatest reduction in fatality
rate, followed closely by Measles. The reduction in the

fatality rate of Whooping Cough and Diphtheria are not quite



Table 7 .
Proportionate Case, Death, and Fatality Hates,
1916-20 Rates - 1000

Y ears Scarlet Fever Diphtheria Measles Whooping Cough

Case Rates

1916-20 100 100 100 100
1921-25 126 110 87 153
1926-30 143 153 99 121
1931-35 240 138 85 123
1936-40 129 182 91 88
1941-45 108 183 57 92

Death Rates

1916-20 100 100 100 100
1921-25 103 82 118 111
1926-30 71 81 65 62
1931-35 108 73 50 55
1936-40 32 83 31 29
1941-45 10 53 7 22

Fatality Rates

1916-20 100 100 100 100
1921-25 83 74 134 73
1926-30 50 53 66 51
1931-35 46 52 59 45
1936-40 25 45 34 32

1941-45 8 29 12 24



so great, though they are, nevertheless, considerable.
Undoubtedly the outstanding feature of the general
trend of the four diseases during the 30-year period is the

almost unbroken succession of diminishing fatality rates.
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Section 2.
Factors influencing the epidemiological behaviour

of these four diseases.

We shall now very briefly review some of the factors
whiech, it is probable, have been influencing the behaviour
of the f our diseases so0 as to produce the trends that have
just been described.

Before discussing separate factors, it should be noted
that variations in the prevalence and severity of infectious
disease are well-recognised phenomena, and that the waxing
and waning of various infectious diseases have been observed
throughout the centuries. Long term or 'seculer' variations
in prevalence or severity are those which spread themselves
out over many years, the full cycle of rise and fall teking
perhaps a hundred years or more. This is well illustrated
by Scarlet Fever which was prevalent and severe throughout
the country in the latter half of the 1l4th century, svbtsided
by the beginning of the last century, and again rose in
intensity just after the middle of the century. Since about
1870, however, there has been a progressive diminution in
the severity of the disease.

Superimposed upon these long-term variations there are

short-term, ‘periodic' or 'ecyclical' variations occurring
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every few years and lasting one or more years. Secarlet
_Fever shows such variations during the course of the 30
years that we are studying. In Table 2, we see the rise
and fall of case-rates over short numbers of years. There
was a minimum incidence in 1918 rising to a maximum in 1926,
followed by a fall in 1928 and thereafter an increasing
ineidence reaching a peak in 1932. After this a fall
comes, up to 1940, after which incidence begins to rise again.
There is no regular periodicity about these variations
though we may say that a period of increased prevalence cof
Scarlet Fever is to be expected in Glasgow every four to
seven years,

A similar periodicity can be seen in Diphtherisa. In
Glasgow years of maximum prevalence occurred in 1920, 1927,
1930, 1924, and 1940. Reference has already beer made in
the last section to the biennial vreriodicity both of Neasles
and of Whooping Cough.

A third type of variation in prevalence also occurs,
seasonal variation. We have already mentioned that both
reasles and Whooping Cough are winter diseases, though the
epidemics may come early or late. = For Scarlet Fever the
season of maximum prevalence is typically the late avtumn
and early winter with a tendency towards a secondary peak
in the late spring. Diphtheria spreads its maximum preval-

ence over the whole course of the winter months.
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To illustrate these seasonal ﬁariations,the total
monthly city cases for certain years have been tabulated
in Table 8. It should be noted that the time-series in
each series starts in July. Also included are proportionate
monthly rates, the total number of cases in each month
being expressed as a percentage of the January total for
each series. Both the 1926-7 Whooping Cough epidemic and
the 1927-38 Measles epidemic offer examples of the epidemic
being delayed to the spring months.

The secular, the periodic, end the seasonal variations
must all be taken into account when studying the general
trend of the infectious diseases. But there are many other
factors which we must consider. As Harries and Mitman say
(1947, page 89), "many complex and variable factors are
concerned in the dispersability and fatality of infectious
disease. The two primary ones are the resistance of the
hosts and the prevalence and virulence of the causative
organism but both are influenced by the environment of the
herd. Environment includes weather, seasonal and geo-
graphiceal influences, social conditions such as poverty,
nutrition and housing, sanitation, hygiene, and density and
movement of populations”.

It is not intended here, in what is merely an intro-
ductory chapter, to enter into a full discussion of these

"many complex and variable factors” that are concerned.



Actual Monthly Case3, and Monthly Cases Expressed as Percentages

Month

July
August
September
October
November
December

January
February
March
April
May
June

Month

July
August
September
October
November
December

January
February
March
April
May
June

Monthly Case

Table 8*

Incidence,

of the January Cases.

Scarlet Fever

1925-24 1937-38
Cases b Cases
169 72 174
229 ' og 368
26? 114 431
365 154 560
309 131 636
219 93 462
255 100 410
184 78 558
204 ]7 379
215 91 339
226 97 366
260 111 329
Measles
1925-24 1937-38
Case3 2% Cases
215 8 63
506 11 18
352 12 49
1274 45 155
2131 77 546
2866 101 1121
2836 100 3767
1694 67 4875
1468 52 4748
940 35 1455
693 24 639
280 10 208

42
90
105
136
155
113

100
&7
93
85
90
80

*

—_— N

AN

14
30

100
130
128

39

Glasgow*
Diphtheria
1925-24 1937-36
Cases i Cases {
76 54 113 47
74 33 203 85
123 55 221 93
150 66 246 105
155 69 252 105
195 86 240 %88
M 100 239
205 90 209 88
180 80 275 115
118 52 244 102
157 70 193 81
152 59 218 91
Whooping Cough
1924-25 1936-37
Cases ﬁ Cases $
450 22 85 5
804 39 214 14
551 2? 437 29
660 33 495 52
1069 52 755 50
1049 51 786 51
2062 100 1523 100
1445 70 1793 118
1835 89 1841 121
1700 85 1850 121
1516 74 669 44
1093 53 424 28
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It will be sufficient to refer to some of these well recog-
nised factors and to demonstrate by a means of a few tables

how these factors have been operating.

A. Varigtion in the prevalence and virulence of the

causative organism.

Little can be said at present about possible variations
in the Measles virus or in the Haemophilus pertussis.
Much has been written about the tYpes of streptococci res-
ponsible for Scarlet Fever, but we are far from having heard
the last word on this intricate problem. Recent work on
the Commebacterium diphtheriae, however, with regard to the
three main types - gravis, intermedius, and mitis, their
sub-types, and the significance of "atypical" strains, offers
us at least.a strong lead towards an explanation of periodic
variagtion in the prevalence and virulence of Diphtherisa.
In leete's review (1944) of six years of bacteriological
typing in Hull, his account of the rise and fall of different
gravis sub-types and of the transient predominance in 1941
of the atypical and deadly Edinburgh-Christison strain No.
4, (E.C.4.), is of profound epidemiological interest.

In Glasgow, the bacteriological types of C.diphtheriae
have been described by Carter in three reports, the third
of which covers the years 1924 to 1942 and deals with the
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results of typing some 12,000 strains. In 1934 gravis
contributed 5.2% of the strains that were investigated, bdut
by 1942, €8.2% of the recovered strains were of gravis type.
Over the same period the intermedius tyve had fallen from
61l.1% in 1924 to 18.6% in 1942, and mitis from 21.44 to 13%.
The actual changeover in predominance from intermedius to
gravis took place in 1938 and was fairly sudden, the pre-
ceding years and succeeding years showing a smalkrdegree of
change of type. There is, however, no evidence of any
substantially incressed fatality-rate accompanying the change-
over. In Glagow gravis has been scarcely more lethal than
the intermedivs type. As Carter has said mhe arresting
feature of the gravis strain in Glasgow has been not its
letrality but its communicability".

While it is feasible that periods of increased vprevalence
of Secarlet Fever,such as occurred from 1931 to 1933, may
similarly be attributed to a change in type of the nathogen
it is improbable that such a change in type is responsidle
for the biennial eridemics of Measles and Whooping Coughe.
Such evidence as there is seems to suggest that epidemics
of the two latter diseases occur When a sufficient number
of susceptible persons have accumlated in the population, and
that the epidemies wane when the remaining suseeptibles are
diluted by persons who have acquired in one way or ancther

immunity to the disease.
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B. Resistance of the Bosts.
Under this head we shall discuss those factors which

influence the resistance of the individual as distinet from

the resistance of the herd.

l. Age and Resistance.

It is probable that most persons are susceptidle to each
of the four diseases, regardless of age, if they have not
previously been in contasct in any way with the disesses.
Accordingly it is only correct to speak of the diseases as
"diseases of childhood", when we mean9¥hat diseaseswhich,
in this country at any rate, concentrate their attack upon
children. not because of any inherent susceptibility among
children, but because adults have had an opportunity to
acquire immunity by previous exposure or attack.

There have been numerous epidemics of Measles among
adult populations, such as the Faroe Islands epidemic of
1846 and the Fi)il Islands epdemie of 1875. In both of these
epldemics it was evident that children were no more suscept-
ible to attack than were the adults of the same population.

In Glasgow, however, each of the four disease especially
attacké children. Table 9, prepared from data which will
be presented in the next chapter, shows the percentage
distribution of cases and deaths and the fatality rates for
various age-groups, consolidated for the whole 30-year period,

1916-45. Most of the cases in each disease occur in the



Table 9 .

Percentage Distribution of Cases and Deaths, and Fatality Rates for

Various Age-Groups,

Scarlet Fever

Age=group -] -2
Cases 0.7 3.6
Deaths 5.3 16.1
Fatality 9.2 54

Rate

Diphtheria
Cases 2,0 4.9
Deaths 8.6 17.0
Fatality23.6 18.8
Rate

Measles
Cases 6.1 11.9
Deaths 28,5 44.9
Fatality 13.7 10.9
Rate

Whooping Cough
Cases 10,3 11.2
Deaths 41.9 35.9
Fatality 19,0 15.0

Rate

23.2

34.1
1.8

24,0
3744
845

36.1
22,9
1.8

34.7
19.3
2.6

Glasgow,

-10

40.9
25,2

0.7

3542
279
4.3

42,7
342
0.2

42,2
2,7
0.3

1916-45.

-15

16.8
642
0.4

14.5
4.3
1.6

1.8
0.l
0.2

1.4
0.1
0.2

15~

14.8
13,1
1,1

19.4
4.8
1.3

1.4
0.4
0.8

0.2
0.1
1.4

All Ages
100

100
1.2

100
100

5.4

100
100
2.9

100
100

4.7
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5-1C age-group, and this is followed by the 2-5 age-group.
Very few cases of Searlet Fever and Diphtheria oceccur in the
first year of life, but these two disease have a considerable
proportion of sdult cases.

In Scarlet Fever and Diphtheria most of the deaths ocecur
in the 2-5 age-group, in Measles in the 1-2 age-group, and
in Whooping Cough in the 0-1 age-group.

In each disease the fatality rate is high in the first
year of life, and falls progressively during child-hood to
be followed by a slight rise in adult life, except in
Diphtheria. |

It is generally admitted that there is some degree of
resistance to specific infections during the earlyr months
of life. This we may presume to be some form of passive
jmmunity acquired during = - intes-uterine life and possibly
sustained after birth by antibodies in the maternal milk.
The mechanism of this congentital immunity however is not
altogether clear. 1t is apparent, however, from Table 9,
that if an infant does acquire one of these diseases in the

first year of life the risk of a fatal outcome is consider-

abls.

2e »Sex.
pifferences in morbidity, mortelity, and fatality rates

occeur between the two sexes. To" exemplify these differ-

ences, Table 10 shows, for the three year period 1930-32,



Table 10*

Sex Distribution, All Ages, 1930-32*

Scarlet Fever Diphtheria Measles Whooping Cough

Cases Male 9211 2962 16298 8987
Female 11792 3783 16808 10498

Female Cases as
Percentage of Male 128 128 103 117
Deaths Male 98 197 452 377
Female 119 186 417 440

Female Deaths as
Percentage of Male 122 95 22 117
Fatality Male 1.1 6.6 2.8 4.2
Rate Female 1.0 4.9 2.5 4.2
be 91 74 89 100

Table 11%*

Sex Distribution in Age-Groups, 1930-32%* Cases™

Scarlet Fever

-1 -2 .5 10 .15 -20 -25 -35 -45 55 —65 65—All Ages

Male 93 355 2252 3853 1428 524 246 290 121 36 11 2 9211
Eemale 68 354 2568 4752 2047 822 515 567 210 58 27 4 11792
Lol g3 100 105 124 143 157 209 196 174 161 245 200 128
Diphtheria

Male 72 179 807 1199 383 137 70 67 29 10 6 3 2962

Female 48 139 815 1481 571 282 196 162 52 27 2¢ 2 3783
i of

Male 67 78 101 124 149 206 280 242 179 270 133 ¢7 128
Measles

Male 1126 1958 5804 7200 155 15 16 20 2 1 1 - 16298
Female 1049 1984 5934 7326 224 75 129 68 15 5 - 1 16808
i of

;\/Ia(ie 92 102 102 102 144 500 809 340 650 500 ¥ 105
Whooping Cough

Male 932 1008 3072 3856 108 4 - 4 2 1 - - 8987
Female 1029 1182 3598 4531 135 5 2 13 1 - 1 1 10498
i of 110 118 117 118 125 125 —325 50 — — 117

Male
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the sex distribution of cases and of deaths, the female
totals expressed as a percentagce of the male totals, and
the fatality rate for each sex. The period 1930-32 was
gelected only by reason its being near the middle of the
complete thirty year period. 1t will be observed that for
each disease there are more female cases than male. In
deaths from Scarlet Fever and Whooping Cough females pre-
dominate, but the opprosite ocecurs in deaths from Diphtheria
and Measles. The male fatality rate is markedly higher
than the female in Diphtheria, slightly higher in Scarlet
Fever and Measles, and the same as the female rate in Whooping
Cough.

In Table 11, fhe total cases for each sex have been
analysed into age-groups and the female totals in each age-
group have been expressed as a percentage of the male totals.
it is evident that under one year of age there are more male
cases than female except in Whooping Cough where the opposite
occurs. In the -2 and -5 age-groups there is little differ-
ence between the sexes except in Whooping Cough where there
is again a definite preponderance of female cases. At
later ages, and especially in adult life, female cases in
each disease far outnumber the male.

The picture with regard to deaths (Table 12) is less
uniform. In Scarlet Fever, female deaths predominate. in
the lower age-groups, and male deaths in adult life. In

Diphbtheria, male cases predominate in all age-groups except



Table 12.

Sex Distribution in Age-Groups, 1950-32¢  Deaths,
Scarlet Fever -1 -2 .5 -10 -15 <20 -25 -35 -45 «55 -65 65-
Male 8 9 29 24 5 6 - 8 5 3 1 -
Female 9 18 48 19 9 3 2 6 2 1 2 -
Female as %5
of Male 112 200 166 79 180 50 - 75 40 33 200 -
Diphtheria
Male 21 36 63 48 13 4 I 5 3 2
Female 16 28 60 63 11 3 - 1 1 1
Female as 2%
of Male 76 78 95 152 85 75 33 33 33 50
R asies
Male 164 201 76 9 1 1 -
Female 132 186 86 11 1 - -
Female as %
of Male 8195 114 122 - "
Whooping Cough
Male 190 124 62 1
Female 183 158 92 6 - - 1 -
Female as 7 _ . o
of Male 96 127 148 600

Table 15%

1930-32 Fatality Rates, Sexes and &ge-Groups.
Scarlet Fever -1 -2 -5 -10 -15 -26 -25 -35 -45 -55 -65 65-
Male 86 2513 06 0,4 1.1 - 2.8 4.1 8.4 9.1 -
Female 1525120 04040404 1.1101.7 7.4 -
diphtheria
Male 29.2 20.1 7.8 4.0 3.4 2.9 4.3 1.5 10.3 30.0 33.5 -
Female 33.5 20.1 74 4.3 1.9 1.1 0.5 - 1.9 5.7 12.5 50.0
Measles
Male 14.5 10.3 1.3 0.13 0.6 - 0.8 - 100.0 - -
Female 126 94 1.5 0.15 - 1.3 - - -
Whooping Cough
Male 20.4 12.5 2.0 0.026 - - - - - - nm
Female 17.8 153 2.6 0.13 - - - 100.0 - -

All Ages
98

119
122

197
186

95

452

417
92

377
440

117

All Ages
1.1

1.0

6.6
4.9

2.8
2.5

4.2
4.2
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the -10 age-group. in Measles, male deaths exceed female
deaths in the first two age-groups and the reverse occurs
in the next two. Thereafter only four deaths occur, two
in each sex. In Whooping Cough there are slightly more
male deaths than fémale in the first year of life, bhut
in the next three age-groups female deaths are in the
majority. Only one adult death eccurs.

1t follows from the fore-going, as 1s seen in Table 13,
that the male fatality rate in Searlet Fever is lower than
the female in the earlier age-groups, but considerably in
excess of it at later ages. Much the same occurs in
Diphtheria. In Measles the male fatality rate exceeds the
female in the first two age-groups, but thereafter the two
rates are similar. In Whooping Cough the female fatality
rate slightly exceeds the male except in the first year of
life.

Only the barest of general conclusions can be drawn from
such limited data as has been here presented, expecially in
view of the small number of deaths in adult life. It seems
justifiable, however, %o coneclude that adult females show
much greater liability to attack by each of the diseases
than adult males; +that male infants are relatively more
susceptible to attack than female infants except in Whooping
Cough; and that for both sexes the fatality rate rises in

later adult life.
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3. The Susceptibility of Immigrants.

We have already indicated that susceptibility to attack
by each of these diseases is a function not of age but of
previous experience of the disease. Accordingly, among
those who have not previously been exposed to infection the
age-distribution of cases may be found to differ markedly
from that occurring among the native city population. |

In the Annual Report of the Mmedieal Officer of Health
of Glasgow for the year 1926, a statistical analysis of the
1925-26 Measles epidemic yilelds some interesting information
concerning the susceptibility of immigrants into the city.
Table 14 is reproduced from this Annual Report. It clearly
shows how markedly the age-distribution of Measles cases
among immigrants differs from that among the Glasgow-born
population, and, in addition,the definite preponderance of
female immigrant cases. To the original table I have
added the three last columns to indicate the percentage of
the total cases in each age-group that occurred among natives
and among immigrants. It is of course impossible to come
to a definite conclusion about the relatiwe susceptibility
between the native and immigrant population unless we are
able to consider the relative numbers at the‘risk in each
of the two groups. At the 1931 Census approximately 52%
of the total population had been born in the city. As

most immigrants presumably come to the city in adult 1life



Table 14*
Age-Incidence of Measles among the Native and Immigrant Populations.

Glasgow, 1925-26.

Bora in Glasgow Bora outside Glasgow

Age Male Female Total ic of Total Male Female Total § of Total

-5 5699 5598 11297 57.0 65 95 160 21.9

-10 4015 4197 8212 41.4 205 232 435 59.6

-15 97 150 247 1.2 19 16 35 4.8

-20 10 18 28 0.1 3 15 13 2.5

-25 3 22 25 0.1 10 32 42 5.8

25- 3 25 28 0.1 6 33 39 5.3

\4 14 6 20 0.1 1 1 0.1
All 9841 10016 19857 100.0 307 423 730 100.0
Ages ’

All Cases
Total Percentage Native-born Percentage Immigrant

-5 11457 98.6 1.4

-10 8647 95.0 5.0

-15 282 87.6 12.4

-20 46 60.9 39.1

-25 67 37.4 62.6

25- 67 41.8 58.2

? 21 95.2 4.8
All

Acea 20587 96.5 3.5
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there is probably a relative preponderance of immigrant

cases at all ages.
C. The Environment of the Herd.

Under this heading we may review those socisl and
environmental factors which tend to make the diseases more
Prevalent or more severe in one area or in one group of
persons than in another. It is often not possible to draw
a clear line between the factors influencing individual
resistance, and factors influencing ™herd" resistance, so
that some of the factors here discussed such as nutrition,
and economic position, might have been discussed in the
preceeding sub-section. But as these two factors tend in
a general way to be associated with the social-environmental
factors of housing, overerowding, hygiene, and the 1like, it

seems reasonable to consider them here.

1. Geographical and Climatic Factors.
a) Secarlet Fever.
Hilds A.Woods (19%3) in her "apideminlogical Study of
. 3earlet Fever in England and Wales" illustrated, by means
of two tables, the geographical distribution of attack rates
and of fatality rates in Scarlet Fever for the North of
England, the Midlands, the South of England,and for Wales
in two time~periods 1911-1% and 1927-29, (See Tables 15a and

15b) . A distinetion is made between the rates for Tondon,



Table 15.
Scarlet Fever., Geographical Distribution of Attack Rate and Fatality
Rate. England and Wales, 1911-13 and 1927-29, (After Woods).

A, Attack Rate per 10,000 Population aged O~15 years,

North Midlands South Wales England & Wales

London  1911-13 - - 101 - -
1927-29 - - 137 - -

County  1911-13 109 135 114 125 119
Boroughs 1927-29 128 104 94 49 113
Other urb-1911-13 113 94 76 131 101
an areas 1927-29 104 104 98 60 98
A1l rural 1911-13 102 83 55 85 80
areas  1927-29 87 85 82 46 80
All sreas 1911-13 110 103 87 115 102

1927~29 114 99 111 54 104

B, Fatality Rate per 1,000 Notified Cases,

London 1911-13 - - 13.3 =
1927~-29 - - 4.0 = -
Boroughs 1927-29 6.6 3.9 7.3 6.7 59
Other urb=-1911-13 21.7 13.1 10.3 15.3 16.3
an areas 1927-29 7.7 503 504 603 6.2
All rural 1911-13 19.4 13,7 8,6 15.2 14.6
All areas 1911-13 22.5 15.7 12.4 16.0 17.5
1927-29 T.1 5¢3 5¢5 T.3 6.1
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for urban areas, and for rural areas. In both of the time-
periods the attack rate is in general higher in the North
than in the Midlands, and higher in the Midlands than in the
South. - The attack rate for Wales comes highest in the first
period and lowest in the second. Throughﬁgge country, urban
attack rates are higher than rural attack rates. Fatality
rates in the first period are in a descending order from
North to Wales to Mmidlands to South, and from urban to rural
areas. In the second period the order of fatality rates,
from highest to lowest, is Wales, North, South, Midlands.
As before the urban fatality rates are higher than thelrural.
For London the attack rate occupies an intermediate position
in the first time-period, but the highest in the second period.
The London fatality rate is,however, the lowest of'all areas
at both periods.

Turning our attention now to Glasgow, we should expect
on the basis of 3ta geographical position ;nd urban condition
both the attack rate and the fatality rate b be high.
Taking Woods' figures for London 1916-29, and the figures
that have already been given in earlier tables for Glasgow,
it is possible to compare the experience of the two cities
over these fourteen years, (Table 16). The fatality rates
for London, which Woods does not give, have been calculated
from the death-rate / attack rate ratic , and while not

tnereTore completely accurate, may De regarded as accurate



Table 15,
Annual Case, Death, and Fatality Rates, Glasgow and London.

1916 - 1929, Scarlet Fever,

(Cases per thousand, Deaths per million total population)

Case~-Rates Death-Rates Fatality Rates

Year Glasgow London Glasgow London Glasgow London
1916 39 3.9 155 34 4,0 0.9
1917 1.7 2,1 34 22 2.0 1.0
1918 1.3 1.8 24 30 1.9 2.0
1929 2.6 1.7 46 34 1.8 2.0
1920 345 3.0 55 . 46 1.6 1.5
1921 3.3 540 50 65 1.5 1.3
1922 342 Te3 70 66 2.2 0.9
1923 3¢3 3.8 67 25 2.0 0.7
1924 3.0 2.2 74 28 2.5 1.3
1925 3.6 2.5 63 22 1.8 0.9
1926 4.3 2.7 81 18 1.9 0.7
1927 3,8 2.7 40 14 1.1 0.5
1928 3.0 3.4 31 18 1.1 0.5
1929 3.1 3.6 37 17 1.2 0.5

Table 170

Measles Mortality and Latitude. 1922-29. (After Brincker).
(Deaths per 100,000 living at ages O - 5 in England and Wales)

North Midlands Scuth Wales England & Wales

London - - 198 - 198
County Boroughs 200 130 89 141 164
chef Ufban.Districts 126 76 53 112 93
gi;éi ﬁgég;i;éz 88 37 28 a7 48

All Areas 161 84 117 99 120
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enough for the purposes of a general comparison. During
the years thatf%%iustrated the attack rate in Glasgow 1is on
the whole lower than that of London. The death rate and
fatality rate, however, are considerably higher. In fact
looking again at the geographicsl distribution of fatality
rates in England and Wales for 1927-29 (Table 15b) it is
evident that the Glasgow fatality rate-is higher than in
any of the English areas. 1t would be unjustifiable, how-
ever, to attribute the high fatality rate experienced in
Glasgow solely to the effect of latitude and climate. As
we shall see later, the influence of social conditions is
of importance.}

There is an interesting meteorological phenomenon in
connection with Scarlet Fever to which reference can approp-
riately be made in this sectionm. This is the relationship
between the prevalence of Scarlet Fever and rainfall. The
tendency, it cannot be said to be more, is for Scarlet Fever
to be, during dry years, more prevalent than it might otherwise
have been, and to be less prevalent during wet years.

Woods has calculated coefficients of correlation (based on
annual changes in the variables in order to elimate trend)
for four citles for years 1900 to 19295 her results are:-

London -0.50 * 0.09 Liverpool -0Q.08 * 0.12
Birmingham  +#0.13 ¥ 0,12 Manchester -0.19 ¥ 0.12

For Glasgow 1 have calculated a coefficient of correlation,

also by the variate - differentemethod, for the years 1916~
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1945. This has a value of -0.0844 £0.1861. It is evident
that it is only in London that significant negative correl-
ation has occurred. In the other citles the correlation

is negligible.

b). Diphtheria.

In his review of the epidemiology of Diphtheria during
this century, Russell (1943) gives a table (not reproduced)
showing the incidence of Diphtheria per 100,000 population
in various areas of England and Wales for the period 1921~
27. Selecting a few of these, we may compare them with
the Glasgow case-rate for the same period, approximately

200 cases per 100,000 population:i-

London 254 Croydon 135
Birmingham 186 Coventry 122
Liverpool 253 Birkenhead 176
Manchester 145 Salford 241

England and Wales 140

In general, case-rates are higher in urban than in rural
districts, but there is quite definitely no regular gradation
from North to South. It seems probable that prevalence in
Diphtheria is dependent more upon social conditions and the
type of prevailing organism than upon geographical or climatice
factors.
¢) Measles.

Brincker (1938) has shown that the mortality of Measles
at ages 0-5 years in England for the period 1922-30 1is

considerably higher in the North than in the Midlands,
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and higher in the Midlands than in the South. This des-
cending scale of Mortality holds both in urban and rural
areas (see Table 17). The mortality in London however,is
practically the same as that in the Northern County Boroughs.
By analogy, we might expect the mortality of Measles to be,
in general,higher still in Scotland, and, in particular,
highest of all in Glasgow. We can readily compare the death
rate per 1000 total population for Glasgow and for London
using Brincker's rates for London, and the rates given in
Table 2 for Glasgow. This comparison is made in Table 18,
where it is seen that the death-rates from Measles in Glasgow
are almost invariably higher than thoseof London. How much
this is due to differences in latitude and climate, and how
much is due to difgggcesin social conditions between the

two cities is difficult to determine.

In Glasgow we have already indicated that the peak of the
biennial Measles epidemic may come at any time during the
winter or spring months. In the spring the temperature B
likely to be higher and the fatality rate to be lower. For
instance in the 1923-24 epidemic the peak occurred in December;
the mean temperature during that month was 34.50F. During
the next epidemic 1925-26, the peak month was February, when
the mean temperature was 40.8°F. For the 1923-24 epidemic

the fatality rate was in the region of 6% and for the 1925-

26 epldemic just over 26. How far the fall in fatality



Table 18,

Measles Mortality, Glasgow and London.
Annual Deaths per 1,000 living. 1916-37,

Year Glasgow London
1916 0.50 - 0.19
1917 0.60 0.50
1919 0.31 0.08
1920 0.29 0.22
1921 0.10 0,05
1922 1.20 0.34
1923 0.52 0.08
1924 0.48 0.29
1925 0.11 0.07
1926 0.39 0.20
1927 0.28 0.04
1928 , 0.35 0.30
1929 0.07 0.05
1930 0.24 0.23
1931 0.38 0.03
1932 0.17 0.19
1933 0.01 0,02
1934 0.46 0.20
1935 0,01 0,01
1936 0.28 0.14
1937 0.03 0.01
Table 20,

Death Rates in the Different Social Classes, Age Group 1-2 years.
England and Wales, 1930-32. (Rates expressed as
percentages of the national rate).

Class Diphtheria Measles Whooping Cough
I (Upver Professional) AT 10 22
II (Lower Professional) 29 41
III(Skilled & Clerical) 89 80 86
IV (Semi-skilled) © 106 102 110
V (Unskilled) 153 194 165

All Classes 100 100 100
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rate was due to the higher temperature during the latter
epidemic, and how far it was due to other factors it is

impossible to say.

2. The Effect of Urbanization.

The differences both in prevalence and mortality between
urban and rural districts have already been mentioned in
the preceding section, and it is.not proposed to go much
further into the matter. It may be of interest, however,
to reproduce a table by Stallybrass (1931) in which the
differences in mortality between the two types of district

is very clearly demonstated.

Table 19.

Mortality per 100,000, England & Wales 1922-23.

Scarlet Fever Diphtheria Measles Whooping C.

County

Boroughs 3.4, 7.8. 18.8. 16.2.
Rural

Districts 1.7. 4.3, 6.4. 10.2.
3. Economic Factors.

The importance of these factors is well exempli fied by
a table, (Table 20), guoted by Harries & Mitman (1947) from

the Decennial Supplement of the Registrar-General for England
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and Wales, 1921. The table brings out very clearly the
excessive mortality found among the poorer classes.

But poverty is a condition which brings in its train a
number of concomitant conditions which will influence the
behaviour of infectious diseasse more than will the bare
economic factor of having or not having a suf%fency of money.
In the poorer districts, and more especially in the poorer
distriets of large cities, we may expect to find an aséoci-
ated array of conditions such as bad housing, large families,
overcrowding, malnutrition, inadequate or unsuitable clothing,
lack of hygiene and sanitation, ignorance, negligence, and
vermin. All these conditions are factors influencing to a
greater or less extent the prevalence and course of the various
types of infectious disease. But to attempt to separate
out the individual factors and to estimate the influence
of each would be a difficult and probably impossible task.
Wright and Wright (1942) however, have shown (Table 21) with
data relating to the Iondon Boroughs, by means of coefficients
of partial correlation, the relative importance of socisal
position ahd of overcrowding as factors influencing the

mortality of Measles and Whooping Cough.
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Table 21
Coefficients of Partial Correlation

Mortality Substandard Housing Social Index
from excluding Social Index excluding
Substandard Housing

Measles +0*741 sig - 0.088 not sig

Whooping Cough tO.657 sig -0.192 not sig

The "Social Index" is based on the number of persons in
the lower paid occupations at the 1931 Census, while "Sub-
standard Housing" is based on the* percentage of the popu-
lation in each borough living more than 2 persons per room.
A high Social index in the nomenclature of Wright and Wright
therefore indicates a low economic position. The coeffic-
ient of total correlation between this Social Index and
Substandard Housing was found to be +0.741. Incidentally,
the coefficient of total correlation : between "Social
Index and "Children per Family" was 4-0.859.

It is to be assumed from these coefficients of partial
correlation that the economic level by itself does not influ-
ence to any extent the mortality of Measles and Whooping
Cough. But the overcrowding that is found in association
with a low economic level is a factor of considerable import-

ance .
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A mass of evidence has been produced by a large number
of investigators to indicate the association between the
morbidity and mortality of the four diseases we are
studying and housing conditions, especially overcrowding.
As we shall be looking closely into this matter again in
Chapter 3, it is unnecessary to discuss it Turtner at this
stage. |

Witnh regard to nutrition it is reasonably sate to assume
tnat the nutritional state of the poorer classes was, at
any rate prior to 1939, at a much lower level tnan tnat of
tne more prosperous‘sections oY tne population.

Marion Viatson, (1927), showed that in mice exposed to
infection by s.typhimurium, variations in tne resistance
of mice to the diseage could be proauced by moditrication
or diet. She attributed an increased resistance to infect-
jon to the inclusion of dried separated milk in the mouse
diet. It is also recognised that the resistance of
epitnelisl tissues to bacterisl invasicn can be diminished
by a deficiency of Vitamin A in the dietary, thnough this
diminished resistance is possibly an indirect effect due
to atrophy of the epithelial cells.

Conversely, well-nourished guinea-pigs, it is said;develop
experimental Foot-and-mouth Disease more readily than do
under-nourished ones, and there is, to quote Burnet, \1949}

"g general impression that Infantile Paralysis is more
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liable to attack a well-nourished 'healthy'child than one
who is not thriving; the evidence for this statement, how-
ever, is not quite convincing".

So far as 1 am aware, there is no evidence that under-
nourished children are more, or less, susceptible to attack
by either Scarlet Fever, Diphtheria, measles, or Whooping
Cough than are well-nourished children. There is, however,
a very general impression, which 18 nc doubt a true one,
that, once the disease has started, the patient's previous
nutritional state may be a factor of su-preme importance
in deciding the course of the illness. The well-nourished
child will have, in general, though not invariably, a shorter
and less complicated illness than the under-nourished one.
Accordingly, we may perhaps say that fataiity but nol prevalence

is a function of nutritional state.

4. The Influence of Schools.

We saw in Table 9 that the largest proportionvof cases
in esch of the four diseases occurs in the 5-1C years age-
group, i.e. the primary school age-period, and it is a reason-
eble assumption that many of the children of school age who
becore infected do so during their attendance at school. In
his annual report for 1934 the médical Officer of Health for

Glasgow describes the following interesting morbidity state

in one class of a city school. The average age of puplls
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in the claszs was 6 yeurs. The sochcol premises were
described as modern and well ventilated.
Class Roll. 47. Present 17. Absent 30.

Reason for Absence:=-

Diphtheria 2
Scarlet Fever . 6
Scarlet Fever Contact : 1
Post-Scarlet Fever Nephritis 1
Measles 17
"Cold" 2
Toothache | 1

Throat swabbing of the 17 children still present revealed
3 carriers of a virulent Diphtheria organism.

From time to time writers have attempted to show an
association between the prevalence of infectious diseases
and the periods of the school vacations. As an exanmple
the two tables, Tables 22 and 23, are reproduced from Chalmers'
book "TheHealth of Glasgow" (1930). How far we are justi-
fied in drawing definite conclusions from these two tables
ijs doubtful. It may be that school closure and re-opening
come at times when seasonal conditions are producing vari-
ations in the incidence of the diseases. But in that case
we might expect some uniformity in the proportionate attack
upon the different age-groups. It seems that with Scadet

Fever the summer holiday period is attended by =n increased



Table 22«

Scarlet Fever and School Summer holidays.

Age-Group Before Ho]idays.During Holidays.A fter Holidays
Pre~sch6ol ages 20.4% 23.3% 19-0$
School age3 61.5% 61.3 68 0%
Above school age3 16.3% 13.4% 13.0

All ages 100.0 100.0$ 100.o$
Total numbers of cases 2161 1636 3180
io distribution of

grand total 30.18 25.6% 44.38
Table 23.

Measles and School Christmas Holidays.

Age-Group Before Holidays.During Holidays.A fter Holidays
Pre-school ages 61.5% 67.09 12.0%
School ages 37.5? 51.5% 26.2$
Above school ages 1.2$ 1.5% 1.8$

All ages 100.0$ 100.09 100.05
Total numbers of cases 2821 3288 2240
#Fdistribution of

grand total 55.78 59.2% 27.1%
Table 24.

Percentages of Glasgow Children Immunised.

Date Pre-school School
July, 1941 463 55%
December, 1941 26$ 52%
December, 1942 25§ 50

December, 1943 25% 60%
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incidence among the pre-school group, but that after the
holidays the incidence among the school age-group rises.
With Measles, children of school age show a decreasing
incidence during and after the Christmas Holidays, while
incidence among the pre-school group rises both during and
after the holdays. In other words, for both diseases the
school holidays seem to cause some transfer of infection

from school-children to the younger children at home.

5. Public Health and Medical Measures.

It is intended here tdindiéate only in the barest outline
the general features of some of the more important measures
directed towards the prevention and mitigation of the four
diseases and to mention some of the changes in procedure
that have teken place in Glasgow during the thirty years
from 1916 to 1945.

a) Notification.

Statutory notification of Scarlet Fever and Diphtheria
has been in force fhroughout the period. Measles has not
been notifiable. Whooping Cough was made notifiable during
a period of three years from 10th July, 1924 to 10th July,
1927. The object of this measure was "to obtain early
jnformation with a view to prevention of subsequent cases
and to achieve early treatment by home nursing or removal

to hospital", (M:0.H. An.Rep.1926). Serutiny of the annual
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Whooping Cough case, death, and fatality rates for the
3-year period do not, however, reveal any marked divergence
from the experience of neighbouring years nor any break in
the general trend.

The normal method of ascertainment of the existence of
cases of Measles and Whooping Cough has been by information
coming to the Medical Officer of Health via schools, sani-
tary inspectors, health visitors, general practitioners,
and parents. It is debatable whether statutory notification
would have incereased the numbers of knowncases. What it
might have done, however, would have been to allow a more
justifiable comparison with other areas where statutory
notification has been}%peration.

It may be added that it is very doubtful whether the
statutory notification of Mesasles and Whooping Cough,due to
their high infectivity in the early, unrecognised stage,
would be helpful in reducing the spread of infection, while
all or nearly all of the serious cases come under notice
through the existing means of ascertainment.

b) Hospitalisation.

The policy with regard to hospitalisation is in great
measure dependent upon the number of beds available at any
one time in the Isolation hospitals of the city. It would
be impracticable to provide hospitals beds for over 12,000

cases of Measles in one month - the incidence of May 1924,



tut at non-epidemic periods a considerable proportion of
cases can be accommodated in hospital.

With Scarlet Fever there has been a growing policy to
leave cases at home unless the home circumstances are unsuit-
~able. For instance, during the years following the first
war, about 6%-of cases remained at home. By 1938, this
figure had risen to 13% and is £ill rising. On the other
hand the opposite policy has been adopted with Diphtheria,
and as far as possible every suspected case is removed to
hospital as soon as information about the case reaches the
Public Health Department. Thus early adequate treatment
is ensured, diagnosis is rendered more certain, and the risk
of a fatai outcome is reduced. In 1923, 4% of Diphtheria
cases remained st home: in 1938, only l.4%.

In Measles and Whooping Cough about 9204 of cases every
year have been treated at home. As long as beds are avail-
able serious cases, or cases occurring in unsuitable homes,
are removed to hospital.

) Treatment.

A full discussion concerning recent advances in the treat-
ment of these diseases would here be out of place, and will
not be attempted. Scarlet Fever Antitoxin is used as:'a
routine therapeutic measure in one city Fever Fospital |
(Knightswood) in all but very mild or late recovering cases.

The general mildness of the disease renders difficult the
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assegsment of the value of the antitoxin as a preventive
of death. It is felt however, that the administration
of the antitoxin brings about a more reapid reduetion in
toxic symptoms and is, therefore a useful procedure.

Sulphonamides have been used in recent years for the
invasive complications of Scarlet ¥Fever, and penicillin for
pyogenic complications.

The administration of Diphtherias anﬁitoxin in adequate
dosage as early in the disease as possible has been the aim
in the treatment of Diphtheria. Thekuse of Penicillin as a
therapeutic’agent, so far as I am aware, has not been attempted
in Glasgow, though it has been used with doubtful suvccess
in the clearing up of convalescent carriers.

The introduction of‘Sulphonamide therapy has considerably
enhanced the physician's armamentarium in the treatment of
Measles, and more especially of the respiratory complicat-
ions. In at least one Fever Hospital a moderate fouvr- hourly
dose of Sulphadiazine is given to all children suffering from
the uncomplicated disease with a view to preventing the
development of complications. In addition 2,000units of
A.D.S. is given routinely to these children in view of their
excessive susceptibility ¥o Diphtheria.

In Whooping Cough too, Chemothersapy is employed in cases
‘with respiratory complications, though with less success

than in Measles due to the pulmonary condition being prim-

arily a "Collapse" rather than a true pneumonic process.
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d) Immuno-prophylaxis.

Preventive inoculation against each of the four diseases
is & practicable procedure under certain conditions and
within certain limitations.

Provhylaxis against Scarlet Fever has not been employed
in Glasgow except on isolated and unrecorded occasions.

The mildness of disease, the numerous injections required,
and doubt about the duration of the immunity produced has
rendered mass immunisation undesirable.

The special conditions associated with present day
immuno-prophylaxis against Measles have prevented any attempt
at widespread immunisation. Only passive immunisation is
so far practicable, and to be successful in preventing or
mitigating an attack, the reagentyconvalescent serum, plac-
ental extract, or gamma globulin— should be given within
the first half of the incubation period. Immunisation in
this way has a definite place in preventing attacks in infants
and young children, and the procedure has been used in
institutions and hospitalé where young children have been
exposed to the risk of infection. As an example of the

results achieved, the Superintendent of Knightswood Fever

Hospital, using convalescent Measles Serum during the 1937

epidemic, reported as follows (M.0.H. An.Rep.1937):-
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No. of patients receiving serum eee 330
No. of patients who developed ordinary Measles 0
No. of patients who developed modified Measles 66
No. of patients who d4id not develop Measles 264

Prophylaxis with Whooping Cough Vaccine has only been
adopted on a limited scale in Glasgow, chiefly among young
children attending day nurseries. Opinions are divided
at present on the efficieney of present vaccines, though
beneficial results have been claimed when large dosage has
been employed.

I have left Diphtheria immunisation to last since it alone
has been practised on a wide scale. The campaign in Scot-
land, including Glasgow, was begun in December 1940 at the
‘ height of the Diphtherisepidemic. Prior to this, immunis-
ation had been performed only in institutions and on nurses
in Fever Hospitals, among whom favourable results had been
achieved.

From the figures published in the Annual Reports of the
Medical Officer of Health, it is possible to express in
tabular form the percentage of childrem in the city who had
been immunised by the date sShown, (Table 24).

It appears that the initial response to the campaign
was not maintained; in the pre-school group the return of
children from evacuation and the addition of newborn children
have lowered the percentage of the immunised.

It is of interest to refer to Table 2, to see whether

the general trend of Diphtheria has radically altered since
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mass immunisation was introduced. The annuasl case-rates
have diminished progressively since 1940, but this might
well be merely a return to normal after a period of epi-
demicity. The death-rates have declined steadily since 1940,
and are now lower than they have ever been. A similar decline
has also occurred in fatality rates, but falls in death
and fatality rates have occurred at the same time in Scarlet
Fever, Messles, and Whooping Cough, end the improvement in
Diphtheria is no greater than in these other diseases.

If we confine ourselves to Diphtheria alone, and do not
look further back than 1940, the effect of masg immunisation
seems magnificent, but a wider and more comparative view
does not su-port this first impression. Several years
will have to elapse, and probably a much higher percentage
of children will have to be immunised,before we can say that
Diphtheria in Glasgow has been defeated by mass imrunisation.

It is not intended by any means to give the impression
that immunisation sgainst Diphtheria is not g vsgluable pro-
cedure. In 1943, there were no deaths from Diphtheria
gmong immunised pre-school children. Among pre-school
children not immunised there were 48 deaths. Similarly in
children of school ages, 3 deaths occurred in children who
had been irmunised, and 22 desths in echildren who had not

been immunised. Among the children who have been immunised,



38

the risk of attack is appreciably reduced the risk of death

is rendered remote.
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Section 3
Glasgow Population, Housing and Municipal Wards.

a) Population.

Glasgow is the second largest city of the British
Isles. Both a major sea-port and a centre of heavy industry,
its prosperity has fluctuated with the production demands
of war and the industrial depressions of peace.

Following an extension of the city in 1913 the population
has remained at rather over 1 million persons. The estim-
ated population, birth rate, death rate, and infant mortality
rate for each "census year" from 1861 are shown in Taghle 25.

The last census was taken in 1931. It is,therefore, a
matter of extreme difficulty to estimate with accuracy the
popvlation of the city in recent yesrs, snd an error of
many thousands may be present in the estimates of the last
ten or so years.

In 1921 the census was teken in June, a month during which
a number of Glasgow people are absent from the city on
holiday. The census estimate of total population was
1,034,174. The Medical Officer of Health, however, estimated
the figure at 1,075,000. This diserepancy renders difficult
the estimation of the child population of the city during
the earlier part of the 30-year period, 1916-45, since there

is no way of knowing whether the proportion of the population
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alleged to be absent from the city on holiday had the same
age-constitvtion as the actual census vopulation.

It will be apnarent from Table.zﬁ that during the past
30 years the total population of the city has varied little.
At the same time, there has been a drop in hirth rates of
roughly one-third. The death rate and the infant mortality
rates seem to have remained fairly steady during the last
two or three decades. The infant mortality rate, it shovld
be explained, was unduly high in 1941 compared with neigh-
houring years, and since 1941 it has fallen rapidly. In
1945 it was 68 per thousand hirths.

The effect of a stationary total population combined with
a falling hirth rate and a stationary death rate is to age
+he nopnlation: i.e. the oroportion of children in the pop-
ulation bedomes smal’er and the pronortion of adults and
012 persons hecomes larger. How far this alteration in the
age-constitution of the population has influenced the age-
incidence of the four diseases will be examined later.

Meanwhile we shall look at the age-constitution of the
poorulationat the three censuses, 1911, 1921, and 19%1, and
the Medicél Officer of Health's estimates for 1941 and 1945.
Thesgse figures are given in Table 26. Below the number of
persons in each age-group is shown the percentage of the
total population constituted by that age-gronvp. The Medical

Officer of Health's estimates for the child populations are



Glasgow.

Year

1861

1871
1881

1891
1901

1911
1921

1931
1941

Year
1911

1921

1931

1941

1945

Actual and Percentage Age-Distribution of Population.

1

18449
2.4

24967
2.4

20852
1.9

18559
1.8

19504
1.8

Population

397,673
491,900
512,034
567,143

761,925
784,680

1,075,000
1,088,461
1,045,333

2
19006
2.4

25092
2.4

19725
1.8

19159
1.8

20159
1.9

Table

Birth Rate Death Rate
per 1,000 per 1,000
of population of population
41.6 27.5
38.4 52.1
37.3 25.2
35.0 25.3
31.8 21.2
27.7 17.7
27.6 14.5
21.1 14.2
18.5 15.6
Table 26.

-5
50690
6.5

51514
5.0
58400
5.4
57745
5.5

55726
5.5

25.

-10
81368
10.4

100337
9.7

104136
9.6
94632
9.1

92000
8.8

-15

72245

9.7

101576

9.8

94485

8.7

95000

9.1

93000

8.9

Population, Birth Rate, Death Rate, and Infant M ortality Rate.

Infant M ortality
Rate per 1,000
births

154
191
144
148
149
139
106
105
11

Glasgow.
1§- Total

538738 784496
68.6 100
730688 1034174
70.7 100
790865 1088461
72.6 100
760258 1045333
72.7 100
7696H 1050000
73.5 100



41

ba8ed on hirths and deaths for the first three age-sroups,
and on school population estimates for the two school age-
groups. The 15« age-gronp has been calculated as the
resldue of the total estimated povulation. These figures
clearly show the relative reduction in the child (under

15 years) ponulation, from 31l.4% in 1911 to 26.7% in 1945,
and the relative increase in the adult (over 15 years)
popnlation, from 68.6% in 1911 to 73.3% in 1945. ‘While
the table indicates in a general way that there has been
some transfer of population from the child to the adult
age-grouns during these 34 years, the figures for certain of
the age-gronps cannot be regarded as ac-urate. e shall

be returning, however, tb this matter in the next chapter.

b) Housing.

Newsholme (1923) gives an interesting table, here re-
proiuced as Table 27, which, while not of very recent date,
clearly shows us what the housing position of Glasgow was
in 1911, compared with certain other cities in the same year.

In 1921 the percentage of persons living more than
two per room in Glasgow was 54%, and in 1931 42.3%. No later
figures are available, and the only earlier figure that I
have found was 59% in 1891. Evidently the situation Wai,
improving only very slowly up to 1921, and thereafter began

to improve more rapidly. A similar trend is shown in Table 28



ziving figures for the number of persons per room, (M.0.H.
An. Rep., 1932).

The next tahle (Table 29) allows us to compare the per-
centage distribution of houses of various sizes in Glasgow
with that of three other cities in 1931. One of the
reasons for the high degree of overcrowding in Glasgow now
becomes apparent, namely the very high percentage of small
houses.

A hieh percentage of small houses is not, however, the
only problem. We must consider also the tyne of house.

In Glasgow the prevailing type of dweliling is the tenement.
In England *the word "tenement™ freocuently retains its orig-
inal meaning and implies a house or an apartment. In
Scotlan? this meaning is unknown and "tenement™, to auote
Halliday, "signifies a block or dhuilding consisting of sev-

fam-

eral storeys on each of which are resident one or more
ilies, each occupying a separate suite of rooms, entered from
a common landing or lobby. The dwelling place of each family
is known as a 'house' ".

It seems probable that up until 1931, 80% or more of the
population of Glasgow lived in tenements. Since then
there has been, up to 1939, a transfer of a proportion of the

population to suburban housing schemes, in which the cottage

type, and the flatted type of house predominate.



Table 27.

Percentage of the Population Living More Than 2 Persons per Room
in Various Cities, 1911, (Newsholme),

Manchester Liverpool Birmingham Iondon Edinburgh Glasgow

7.0% 9.5% 9.8% 16.8% 31.1% 53 .6%

Table 28,

Average Number of Persons per Room at Various Years, Glasgow.

1881 1891 1901 1911 1921 1931
24040 2.033% 1.846 1.827 1,766 1,536
Table 29.

Percentage of Houses of Different Sizes in Various Cities, 1931.

Size of House Glasgow  Edinburgh Birmingham Liverpool
1 Apartment 14.8% 6.7% 0.2% 0.3%
2 Apartments 43.7% 31,87 1.1% 2.T%
3 Apartments 23.,7% 25.5% 17.1% 9.7%
4 Apartments 9.1% 14.8% 19.8% 21.8%
5 or more Apartments 8.7% 21.2% 61.8% 65.5%

All Sizes 100.0% 100.0% 100.0% 100.0%
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The older tenement housing, due to the close propin-
quity of families, and the faet that children play in the
common "close", and run into one another's houses, must be
regarded as a potent canse of the rapid disgsemination of
infection from one family ‘o another. 1In addition, light
and air in these older tenements is deficient: and the
high narrow flights of stairs to be navigatel to and from
the houses on the upner storeys act as‘a deterrent vpon
mothers to take infants ount for fresh air and sunshine.

The slums of Glasgow are invariably olé and decrepit
ten2ment buildings. Many of the newer tensments, however,
are well constructed, well ventilated buildings, containing
houses of three, four, or more spacious rooms, and equipved
to the best standards of modern sanitation. These modern
tenements cannot be regarded as being detrimental to health.
;) Yunicival Wards.

The City of Glasgow is, for administrative purposes,
divided into 38 municival wards, each designated by number
and hy name. Ward 38, Yoker and Knightswood, was constit-
uted in 19%3: the others, in their present form, in 1921.
Previous to that the wards were fewer, and had different
numbers, names, and boundaries. Aceordingly, in the serial
presentation of ward data, it is not possible to go further

hack than 1921.
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The wards are grouped geographically inte five divisicors,
Eastern, Central, Northern, South-West, and South-East.

There are considerable differences in the size of
population in these wards, varying, in 1931, from 13,705
in Ward 13 (Blythswood) to 56,430 ir Ward 25 (Whiteinch),
from which Ward 38 was split off two years later. The
average size of the wards is, however, about 30,000.

Between the inhabitants of the separate wards, there
exist well—markedbdifferences in social position, cecupation,
housing, over-crowding, birth-rates, infant mortality rates,
and death rates. The study of differences in the behaviour
of the four infectious diseases among these different - groups

of the population will be taken up in Chapters 3 and 4.



CHAPTER 2

Variatiens in Age-Incidence.
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Section 1

Age-Shift in morbidity, mortality and Fatality.

In 1907 Sir Shirley Murphy addressed the Roya} Socilety

of Medicine. on the subjeet of variations in age-mortality
in several diseases, one of which was Diphtheria. Using
London data. from 1860 to 1905, he suggested that the
age-mortality in Diphtheria varied rhythmically, moving

up to the school ages during periods of high prevalence,

and returning to the pre-school ages in non-epidemic periods,
and that these variations might be connectéd; in part, with
the aggregation of children in schools.

Chalmers in an appendix to his annual report,(M.O.H-
An.Rep. 1913), reviewed the age-mortality in Diphtheria in
Scotland from 1860 to 1911, and demonétrated a relative
transfer of deaths from the 0-5 to the 5-10 years age-groups.

- He also studied age-distribution of notified cases in Glasgow
from 1903 to 1912, and demonstrated a relative transfer of
cases from the -5 age-group to the -10 and -15 age-groups.
Table 30 is from his report and gives the percentage distrib-
ution of cases in age-groups for each year from 1903 to 1912.

In 1924, the Registrar-General demonstrated a relative

transfer of Diphtheris from the pre-school to the school

age-groups in England and Wales from 1901 to 1934.

Picken (1937) confirmed the age-ghift in mortality and



% Age-Distribution of Notified Cases of Diphtheria,

Year
1903
1904
1905
1906
1907
1908
1909
1910
1911

1912

Table 30,

Glasgow.

-5 -10
5348 20.4
50.4 22.4
5140 25.3
4343 31.8
41.6 29.6
47.3 30.8
4442 31.3
42,9 30.9
41,2 33.8
42,7 31-4

(Chalmers).

-15
645
7.0
Te2
9.4
10.1
7.8
9.4
11.4
11.0

10.6

15~

19.3
20,2
16.5
1545
18.7
14.1

15.1

- 14.8

14.0
15.3

1903-1912,

A1l Ages
100

100
100
100
100
100
100
100
100

100
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attributed it to relative differences in the reduction in
fatality rates at different ages, rather thar to variations
in the age-incidence of eases. Coming at a time when
interest was closely centred on the recently discovered
"types™ of C.Diphtheriase, it was perhaps natural that Picken
should suggest, as a possible reason for variatiorns in the
age-fatality rates, changes of strain of Corynebacterium
diphtherige.

Cheeseman, Mmartin & Russell (1939) carried matters a
stage further when they demonstrated that the age-shift in
Diphtheris had occurred in the poorer Iondon Boroughs but
not in the better-class ones. They(suggested that a
reduction in family size was responsible for the age-shift,
a reduction which had occurred to a greater extent in the
poorer, than in the better-class boroughs.

Finally, Carter (1943) in his bacteriological review of
Diphtheria in Glasgow from 1934, indicated by means of
ceveral tables, that the age-shift in Diphtheria in Glasgow,
nad continued during the years subsequent to Chalmer's
observations of 1913.

Possgible variations in the age-incidence of the other
three disenses.has received much less attention. Woods
(1923), comparing the age-distribution of Searlet Fever
cases in London, for 1901-5 with l926¢29,demonstrated

an age-shift of cases from the 0-2 to the 5-1C age-grcurps,
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an age-chif't which she attributed/the altered age-con-
stitution of the population at risk. Similariy, butler
(1945) was avle to demonstrate an- age-snitt if the 1incidence

ol wmeasles from an eariler to a later sage.

1t is tne opject o1 tinis section to analyse tne experi-
ence of Glasgow from 1916 to 1945 with respect to Secarlet
Fever, Diphtheria, Measles, and Whooping Cough, and to
demonstrate age-shifts in Morbidity, mortality, and Fatality
in each of these disesses.

Data concefning the age-distribution of cases was obtained
from the Public Health Department records. These records,
available from 1916 onwards, group the cases into the
following age-groups:~ -1 year, -2, -5, ~10, -15, =25, =35,
-45, -55, -65, -75, and 75+ years. The two sexes are shown
gseparately, and for some but not all years, a distinction
is made between home and hospital-treated cases. Having
abstracted these case-records in the above groupineg, I then
re-grouved the cases into the following groups:- -1 year,
-2, =5, -10, -15, and 15- years, without regard to sex or
place of treatment. For each of the new age-groups the
percentage of the total number of cases at all ages was then
calculated. This wad® done for each disease for each of the
thirty years. Next, the cases within each age-group were
added in six five-years periods, 1916-1920, 1921-25, and so

one The percentage of the total within each age-group was
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calculated for each five-year period. Finally all the
cases for the whole thirty years were added in age-groups
and calculated as percentages of the total number of cases
at all ages.

1t will be realised that this representation of the
percentagse age-distribution of cases is equivalent to
assuming that exactly one hundred cases of each disease had
ocecurred in each year, then in each five years, and then
in the whole thirty years: therefore, the calculated per-
centages in the age-groups represent the proportion of
cases that would have occeurred in each age-group had the
total number of cases been constant for each time=period.

The number of deaths at diffent ages for each of the
infectious diseases is published in the Annual Reports of
the Medical Officer of Health. These deaths were re-
grouped into the same age-groups as Tor cases, again with-
out distinction of sex; and exactly as with the cases, the
vercentaze age-distribution of deaths for single years, and
for five~year . and thirty-year periods were calculated.

The percentage age-distributions of eases and of deaths
for each individual year are shown in Tables 31 and 32.

The actual and percentage age-distribution of cases and
of deaths in quinquennis are shown in Tables 23 and 34.
Earlier, in Table 9, we saw the percentage age~-distribvtions
for the consolidated 30 years.

Before we discuss these tables, we must complete the



Table 31,

Annual Percentage Age-Distribution of Cases, Scariet Fever.

Year -1 -2 -5 =10 ~15 15- A1l Ages
1916 1.3 3.9 21.1 35,2 17.6 20,9 100
1917 0.8 2.6 20,2  41.9 18.0 16.5 100
1918 0.9 3.5 22,1 42,0 16.7 14.8 100
1919 0.7 2.8 20,2 41.4 18.6 16.3 100
1920 0.8 2.0 18,4 42,3 19.9 16.6 100
1921 0.9 2,2 17.2 44.2 20,0 15.5 100
1922 0.9 3.1 22,0  43.4 17.6 13,0 100
1923 1.1 3.8 22,3 41.5 17.5 13.8 100
1924 1.2 2.7 22,7 39.1 19.8 14.5 100
1925 1.0 3.5 22,1  38.8 20,3 14.3 100
1926 0.9 3.4 22,7  40.5 17.0 15.5 100
1927 0.6 3.1 19.4  40.3 19.0 17.6 100
1928 0.4 2,1 20,7  41.6 15.8 19.4 100
1929 0.5 2.4 19.2  43.4 16.1 18.4 100
1930 0.9 3.8 22,9  42.8 14.7 14.9 100
1931 0.8 3.0 21,7  41.6 16.5 16.4 100
1932 0.6 3.5 21.7 39.4 17.6 17.2 100
1933 0.5 3.6 23,6  41.6 17.0 13.8 100
1934 0.5 3.8 24.3 39.6 16.4 15.4 100
1935 0.5 4.4 25,0  39.1 15.0 16,0 100
1936 0.5 4.1 24.5 3945 16.0 15.4 100
1937 0.5 3.8 26.3 41,1 15.7 12,6 100
1938 0.5 5.0 27.7  40.0 13.7 13,1 100
1939 0.5 5¢3 26,7 39.5 14.0 14.0 100
1940 0.8 5.7 31.8 36,2 12,3 13.2 100
1941 0.7 5.0 27.7  39.5 13.7 13.4 100
1942 0.5 4.1 24.T  42.3 17.1 11,3 100
1943 045 343 24.8  43.1 18.7 9.6 100
1944 0.4 4.8 2T.9  44.5 15.2 T.2 100
1945 0.4 542 3042 . 4444 13.9 5.9 100



Table 31 (continued).

Annual Percentage Age-Distribution of Cases, Diphtheria,

Year -1 -2 -5 =10 -15 15« All Ages
1916 3.7 10,2 31.9 26.8 9.6 17.8 100
1917 3.0 9.4 28.4 28.8 10,6 19.8 100
1918 2.4 T¢9 3045 33.7 9.7 15.8 100
1919 1.9 6.0 26.5 3642 12,5 16.9 100
1920 3.1 5.7 23,0 3640 13.4 18.8 100
1921 3.2 6.1 21.3 35.8 14.3 19.3 100
1922 3.9 8.4 25.2 32.1 12,6 17.8 100
1923 4.2 Te5 27.0 31.0 12,6 17.7 100
1924 343 Te3 28.2 29.7 13.5 18,0 100
1925 3.0 6.6 26.3 31.3 12,2 20.6 100
1926 3.0 7.5 23.4 32,5 13,2 20.4 100
1927 2.8 6.0 22.5 35.0 11.9 21.8 100
1928 2.4 7.0 24.7 36,0 12,2 17.7 100
1929 2.6 545 25.2 38.5 12,3 15.9 100
1930 1,9 4.4 24.1 40.6 14.1 14.9 100
1931 2.0 57 24 .4 39.3 12,4 16.2 100
1932 1.5 4.2 23.6 39.3 15.7 15.7 100
1933 1.5 3.1 20,2 40,7 18,8 15.7 100
1934 1.2 3.4 22.1 38.5 17.1 17.7 100
1935 1.9 3.6 20.8 38.7 17.5 17.5 100
1938 1.5 4.1 19.9 36.0 17.3 21.2 100
1937 1.1 3.5 20,0 35.3 16.6 23,5 100
1938 1.1 3.4 23.9 37.8 16,7 17.1 100
1939 1.1 2.7 24.3 36.8 16.7 18.4 100
1940 0.7 3.2 24.9 36.1 14.9 20,2 100
1941 1.5 3.4 2345 3242 13,8 25.6 100
1942 1.3 343 22.8 31.4 15.5 25.7 100
1943 1.8 3.6 22.9 33.1 15.5 23.1 100
1944 1.3 3.8 22.8 3343 16.7 22,1 100
1945 1.1 3.9 25.8 35.2 16.4 17.6 100



Table 31 (continued),

Annual Percentage Age-Distribution of Cases, Measles.,

Year -1 =2 -5 -10 =15 15~ A11 Ages
1916 T.2 15.5 40,0 32.3 2.4 2,6 100
1917 6.4 13,2 40.6 34.7 2.0 3.1 100
1918 540 12,6 39.9 36.8 2.0 3.7 100
1919 5.7 11.3 39.8 40.4 1.2 1.6 100
1920 6.3 11.3 36.0 43,1 1.5 1.8 100
1921 6.4 10.4 3543 4344 2.0 2.5 100
1922 6.7 14.9 37.9 38.1 1.2 1.2 100
1923 6.8 14.7 40.4 35.4 1.5 1.2 100
1924 7.8 14.0 40.7 33.6 2.1 1.8 100
11925 6.1 11.4 34.0 45.5 1.8 1.2 100
1926 6.0 12,2 39.2 40.1 1.5 1.0 100
1927 6.2 11.9 36.9 42,9 1.0 1.1 100
1928 6.9 13,2 39.2 38.6 1.0 1.1 100
1929 5¢7 9.9 31.6 50.1 1.7 1.0 100
1930 6.2 11.9 3549 43.7 1.1 1.2 100
1931 6.2 11.6 3547 44.8 0.9 0.8 100
1932 8.3 12.5 34.0 41.7 2.0 1.5 100
1933 T3 6.0 16.6 5942 9.5 1.4 100
1934 5.4 11.6 37.2 44.0 1.1 0.7 100
1935 Te2 4.3 17.5 64.8 4.3 1.9 . 100
1936 5e7 11.3 33.3 45.8 2.8 1.1 100
1937 545 9.8 2749 53.9 1.6 1.3 100
1938 6.0 11.5 3544 44.3 1.3 1.5 100
1939 4.5 4.1 14.9 6644 8.2 1.9 100
1940 5.1 11.6 3742 4441 1.0 1.0 100
1941 8.0 8.9 29.4 47.8 2.6 3.3 100
1942 540 9.4 29.8 5242 2.3 1.3 100
1943 4.5 Te2 24,2 57.0 57 1.4 100
1944 543 9.6 33.1 47 .4 342 1.4 100
1945 54 9.9 3243 49.2 2.4 0.8 100



Table 31 (continued),

Anmual Percentage Age~Distribution of Cases, Whooping Cough,

Year -1 -2 -5 =10 -15 15~ A11 Ages
1916 10,1 11.7 36,8 39,2 2,0 0.2 100
1917 9.7 10,4 34.8 43,1 1.9 0.1 100
1918 9.6 10.3 3740 40.8 2.2 0.1 100
1919 8.5 9.8 34.0 45,2 2.2 0.3 100
1920 11.5 9.4 3043 46,8 1.6 0.4 100
1921 11.1 10,3 33.9 43.1 1.4 0.2 100
1922 11,1 11,8 35,4 40,3 1.2 0.2 100
1923 11.2 12.3 3442 41,1 1.0 0,2 100
1924 12,8 12,6 39.6 33,7 1.0 0.3 100
1925 14.3 13,6 40,2 3042 1.1 0.6 100
1926 14.4 13,3 5542 35,7 0.9 0.5 100
1927 12,2 13,3 36.1 3649 1.0 0.5 100
1928 11,2 12,6 3843 3648 0.8 0.3 100
1929 10,2 . 12,0 36T 40,3 0.6 0.2 100
1930 9,9 11,2 3447 43,2 0.9 0.1 100
1931 10.6 11,4 34.2 42,2 1.4 0.2 100
1932 9.2 10.9 34 .0 44.3 1.4 0.2 100
1933 9.4 11.7 33.6 43.7 1.4 0.2 100
1934 8.7 10.4 32.4 47.3 1.0 0.2 100
1935 10,0 11,2 33,7 43,6 1.3 0.2 100
1926 8.2 10,8 31,9 47.6 1.3 0.1 100
1937 8.9 10,0 32.6 47.0 1.4 0.1 100
1938 B4 10.5 3446 45.4 0.9 0.2 100
1939 8.8 10.6 3243 46.5 1.7 0.1 100
1940 6.8 9,0 29,9 52.6 ' l.4 0.3 100
1941 8.4 10.4 34.0 45.6 1.5 0.1 100
1942 Te5 10,1 33,2 47.2 1.6 0.4 100
1943 8.1 9.2 30.8 49.9 1.9 0.1 100
1945 8.5 8.7 29,4 50,9 - 2.3 0.2 100



Annual Percentage Age~Distribution of Deaths,

Year

1916
1917
1918
1919
1920

1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1951
1932
1933
1534
1935

1936
1937
1938
1939
1940

1941
1942
1943
1944
1945

v14.6

5.1
5.4

3.C

649
18,2
3040

14.3

14.3

Table 32,

348
27.8
40,0
3648
3762

5740
38,7
37.4
40.4
3541

3340
3442

3245

2745
53.1

5942
31.3
513
2949
29.8

333
41.4
31.1
18.2
10.0

14.5
20.0
143
7540

~-10

34.1
3641
32,0
22.5
2847

2461
24,0
2748
2443
23.6

21,6
25.0
17.6
3540
14.6
25 .6
17.7
21,7
29.9
27,0

2743
17.2
13.7
18,2
2C.0

28.5
4445

28.6

~15

3.7
11,1

2.0
561

9e3
4.0
6.9
Te6
Te4

4.6
2.3
548
Te5
4.9

4.0
8.8
13.3
349
10.8
6.0

1368
3¢5

10.0
14.3
6040

Scarlet Fever,

15-.

8.1

8.3

4.0
]6‘3
10,2
1646
12,0
5.6
10,0

13.5
13.6
20.6
15,0

Te3

1'5 .4
2345
12,0
13.0
16,2

21.2
20,7
24.1
18,2

14.3
333
20,0
14.3

A1l Ages

100
100
100
100
100

100
100
100
100
100

100
100
100
100
100

100
100
100
100
100

100
100
100
100
100

100
100
100
100
100



Table 32 (continued).

Annual Percentage Age-Distribution of Deaths., Diphtheris,

Year -1 -2 -5 =10 =15 15m All Ages
1916 14.7 25.8 36.0 16.9 0.7 549 100
1917 8.5 28,8 33,3 20.9 3.3 5.2 100
1918 10.4 16.4 40.4 26.2 242 4.4 100
1919 8.1 15.5 3942 3249 1,2 31 100
1920 12,5 19.4 3244 26,9 245 6.3 100
1921 14.0 2343 29.4 24.7 349 4.7 100
1922 11.5 31.7 3042 20.8 242 3.6 100
1923 14.4 17.2 3447 28,2 4.1 1.4 100
1924 8.0 2440 43,1 19.8 242 2.9 100
1925 Te2 20,1 41.6 28.3 2.8 - 100
1926 15.9 2847 3644 15,2 1.5 2.3 100
1927 9.7 24.8 32.8 26.4 - 6.3 100
1928 14.3 26.5 31.4 17.9 2.1 7.8 100
1929 10.4 21.5 34.1 28,1 242 3.7 100
1930 8.3 15.9 3548 27.6 Te6 4.8 100
1931 11.8 19.3 29.4 2640 549 T b 100
1932 9.1 15.2 30.3 3347 540 6.7 100
1933 1.1 10,1 39,3 ' 29,2 1548 4.5 100
1934 44 13.1 354 3461 546 Te4 100
1935 104 9.6 33.9 33.1 T8 5.2 100
1936 1.9 T4 31.4 46,3 T4 546 100
1937 345 10.3 3042 3445 12.9 846 100
1938 3.8 9.0 3644 41,0 6.8 3.0 100
1939 1.8 4.9 504 3943 1.2 2.4 100
1940 2.7 8.4 49.2 31.8 4.4 345 100
1941 542 7T 43.9 3242 4.5 6.5 100
1942 56 546 48.8 21,1 1343 546 100
1943 13,6 8.7 37.0 27.1 3T 9.9 100
1944 4.8 2442 43.6 19.4 " 448 3.2 100
1945 340 9.1 63.7 21,2 - 3.0 100



Table

32 (continued).

Annual Percentage Age~Distribution of Deaths,

Year

1916
1917
1918
1919
1920

1921
1922
1923
1924
1925

1926
1927
1928
1929
1930

1931
1932
1933
1934
1935

1936
1937
1938
1939
1940

1941
1942
1943
1944
1945

-1

2540
22.3
18.4
22.0
3545

20.9
27 0
2640
28.3
28.0

28.8
2761
31.4
2745
39.8

31.3
3241
5040
3143
5040

3540
2442
28.8
100.0

4344

5445
3649
§1.2
5542
54.2

44.0
42.4
47.2
39.9
40.0

47.3
44.6
48.0
495
49.1

47.1
4549
48.4
5349
4347

43.2
48.7
5040
4343
25.0

45.3
48.4
4549

39.1

9.1
3544
2549
18.8
20,8

=5

2649
2949
28,2
3045
21.6

22,7
2543
22,2
2045
1945

21.8
25,2
18.1
14.9
14.6

22,6
15.4

19.9
12.5
17.1
20,6
21.0

14.4
273
23,1

645

25.0
25.0
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0

0

o

o 1 o °
£H 0 W N

T3 11

L1y

L]

3

11 ;ol

Measles,

All Ages

100
100
100
100
100

100
100
100
100
1060

100
100
100
100
100

100
100
100
100
100

100
100
100
1C0
100

100
100
100
100
100



Anmual Percentage Age-Uistribution of Deaths,

Year

1916
1917
1918
1919
1920

1921
1922
1923
1924
1925

1926
1927
1928
1929
1930
1931
1932
1933
1954
1935

1936
1937
1938
1939
1940

1941
1942
1943
1944
1945

3247
345
3440
3047
47.6

45.1
3743
34.9
3746
4644

4C.1
5046
41.6
45.0
44.1
4849
36 Q6
5145
3943
48.1

41.9
4848
4645
5247
60.0
4645
5346
6444
61.1
40,0

Table 32 (continued),
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18,9
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100
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Table 33.

Quinquennial Actual and Percentage Age-Disiribution of Cases*

Years -1 -2 -5 -10 -15 15- All

Scarlet Fever

1916-20 129 403 2755 5476 2522 2412 13697
0.9 29 20.2 40.0 18.4 17.6 100
1921-25 177 540 3739 7260 3341 2492 17556
1.0 3.1 21.3 41.3 19.1 14.2 100
1926730 141 616 4296 8434 3356 5431 20274
0.7 3.0 21.2 41.6 16 .b 16.9 100
1931-35 214 1220 7900 13878 5736 5402 34350
0.6 3.6 23.0 40.4 1b.7 15.7 100
1936-40 98 843 5009 7399 2744 2537 18630
0.5 4.5 26.9 39.7 14.8 15.6 100
1941-45 69 666 3995 6336 2340 1335 14741
0.5 4.5 27.1 43.0 15.9 9.0 100
Diphtheria
1916-20 220 601 2198 2621 910 1416 7966
2.8 7.6 27.5 32.9 11.4 17.8 100
1921-25 314 640 2253 2361 1169 1570 8947
3.5 7.2 25.6 31.9 15.1 ie.7 100
1526-30 315 766 3008 4578 1604 2306 12577
2.5 6.1 23.8 36.4 12.8 18.4 100
1931-35 182 452 2541 4515 18388 1912 11490
1.6 39 22.1 39.4 16.4 16.6 100
1936-40 156 499 3545 5560 2469 3030 15259
1.0 3.3 25.2 36.4 16.2 19.9 100
1941-45 209 513 3387 4749 2220 3402 14480
1.4 3.5 25.4 32.8 15.4 23.5 100
Measles
1916-20 3280 6770 20722 19775 961 1360 52868
6.2 12.8 39.2 37.4 1.8 2.6 100
1921-25 3252 6565 17960 17899 724 646 47046
6.9 14.0 38.2 38.0 1.5 1.4 100
1926-30 3314 6469 20013 22808 668 581 53853
6.2 11.9 37.2 42.4 1.2 1.1 100
1931-35 2863 5387 16717 21020 654 397 47043
6.1 11.5 35.5 447 1.4 0.8 100
1936-40 2831 5640 17163 23139 1022 625 50420
56 11.2 34.0 46.0 2.0 1.2 100
1941-45 1539 2670 8330 15409 1019 412 29879

5.1 8.9 29.6 51.6 5.4 1.4 100



Table 33 (continued)#

Quinquennial A(itual and Percentage Age-Pistribution ox Cases#

V.

Whoopin/? Cough

JFears -1 -2 -5 -10 -15 15- Al] Ages
1916-20 2506 2670 9039 11341 518 53 26122
9.6 10.2 54.6 43 .4 2.0 0.2 100
1921-25 5092 4905 15203 14376 479 147 40732
12.4 12.2 37.3 36.5 1.2 0.4 100
1926-30 3740 4111 11869 12523 267 100 32638
11.5 12.6 56.4 38.5 0.9 0.5 100
1931-35 $278 3769 11346 14844 438 73 33746
9.7 11.2 53.6 44.0 1.3 0.2 100
1936-40 2069 2498 7873 11293 354 32 24099
8.6 10.3 32.7 46.9 1.4 0.1 100
1941-45 2013 2343 7671 11481 420 55 25961
8.4 9.8 32.0 48.0 1.7 0.1 100
Table 34.

Quinquennial Actual and Percentage Age-Distribution of Deaths

Scarlet Fever

Years -1 -2 -5 -10 -15 15- All Ages
1916-20 14 51 116 104 14 51 330
4.2 15.4 55.2 51.6 4.2 9.4 100
1921-25 16 56 132 86 24 34 346
4.6 16.1 37.9 24.7 6.9 9.8 100
1926*30 16 47 82 56 12 34 247
6.5 19.0 35.2 22.7 4.9 15.7 100
1931-35 20 52 121 88 30 62 373
5.4 13.9 32.4 25.6 8.1 16.6 100
1936-40 8 20 35 22 5 22 112
7.1 17.9 51.5 19.6 4.5 19.6 100
1941-45 2 6 6 8 4 6 32

6.1 16.8 18.8 25.0 12.5 18.8 100



Table

34 (continued)#

Quinquennial Actual and Percentage Age-Distribution of Deaths#

Years

1916-20

1921-23

1926-30

1931-35

1936-40

1941-45

1916-20

1921-25

1926-30

1951-35

1936-40

1941-45

1916-20

1921-25

1926-30

1931-35

1936-40

1941-45

-1

Diphtheria

85
10.7
74
11.1
78
11.7
45
7.5
19
2.7
28
6.7

Measles

520
24.2
696
26.9
452
31.0
357
31.6
234
33.6
71
48.3

Whooping

749
34.0
1030
41.3

629
44 .8

593
46.7

320
48.4

242
51.0

-2

165
20.8
155
23.5
155
23.3
82
13.5

55
8.0

42
10.0

922
42.8
1207
46.6

683
47.0

498

44.1

311

44.7

40

27.2

Cough

771
35.1
1010
40.4

489
34.8

438
34.4

213
32.3

142

29.9

-5

289
36.4
236
35.7
227
34.1
202
33.6
295
423
190
45.1

598
27.8
603
233
289
19.8
226
20.1
127
16.2
30
20.4

569
25.8
407
16.3

253
18.0

223

17.5
108

16.4

79
16.6

-10

199
25.2

161
24.5

153
23.0

190
31.5
255
37.0
110
26.1

101

4.7
74
2.8
24
1.7
45

18
2.6

2.7

107
4.9
44
1.8
31
2.2
17
1.3
19
2.9
11
2.3

-15

16
2.0
20
3.0
19
2.9
45
7.4
40
5.8
25
5.9

o o
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All j

795
100
663
100
665
100
603
100
691
100
421
100

2152
100
2590
100
1456
100
1129
100
696
100

147
100

2198
100

2494
100

1405
100
1272
100
660
100

475
100



Table 35

Ammual Age-Fatality Rates,

Year

1916
1917
1518
1919
1920

1921

1922

1923
1924
1925

1926
1927
1928
1929
1530
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1941
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1944
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‘Table 35 (continued),

Annual Age-~Fatality Rates, Diphtheria,

Year -1 -2 -5 -10 -15 15 411 Ages
1916 40,0 25.5 11.5 6.1 0.8 344 10,2
1917 3444 37.0 14.2 8.8 3.7 342 12,1
1918 5248 2446 15.8 9.3 2.7 3e3 11.9
1919 3844 22.9 13,1 8.1 0.9 1.6 8.9
1920 32,3 27.1 11,2 549 1.5 2.6 7.9
1921 3065 - 2645 9.6 4.8 1.9 1.7 7.0
1922 24,3 312 9.9 5.3 1.4 1.7 8,2
1923 2845 18,8 10.5 75 2.7 0.6 8.2
1924 17.4 23,7 11,0 4.8 1.2 1.2 Te2
1925 15.4 20.2 1003 5.9 1.4 - 605
1926 30,9 22,0 9,0 2,7 0.7 0.6 548
1927 13.1 15.4 5.4 2,8 - 1.1 3.7
1928 32,8 20,3 6.9 2.7 1.0 2.4 54
1929 26.0 25,0 8.8 4.7 1,2 1.5 6.5
1930 25,0 20,3 8.4 3.8 2.0 1.8 5.6
1931 3442 19.7 6.9 3.8 2.7 2.7 548
1932 3543 20.4 7.2 4.8 1.8 2.4 57
1953 2847 12,5 745 2.8 342 1.1 3.8
1934 23.4 23.6 9.9 545 2.0 2.6 6.2
1935 2647 12,8 7.8 4.1 2.1 1.4 4.8
1936 35.8 5.1 4.5 3.6 1.2 0.7 2.8
1937 15.4 15,2 7.7 5.0 4.0 1.9 5.1
1938 16.7 12,5 7.2 5.1 1.9 0.8 4.7
1939 8.8 9.6 10,7 546 0.4 0.7 542
1940 15.8 11.6 8.7 3.9 1.3 0.8 4.4
1941 13,1 8.8 7.2 3.9 1.3 1.0 3.9
1942 11.6 4.6 5.9 1.8 2.3 0.6 2.7
1943 20,8 6.7 4.5 2.3 0.7 1.2 2.8
1944 9.7 16.9 51 1.5 0.8 0.4 2.7
1945 408 400 402 100 - 0.3 107



Table 35 (continued),

Annual Age~Fatality Rates, Measles,

Yoar =1 -2 -5 -10 =15 15- All Ages
1916 17.2 14.0 3.3 0.6 - 0.7 4.9
1917 16.8 15.8 3.6 0.7 0.4 0.5 4.8
1918 15.8 16.0 3.0 0.6 0.6 0.6 4,3
1919 14.0 12,8 2.8 0.6 - 2.1 3.6
1920 14.9 9.3 1.6 0.2 - - 2.6
1921 11,7 16,2 2.3 0.8 - - 3.6
1922 27.3 20.4 4.5 0.5 - 1.8 6.8
1923 20.4 17.7 3.0 0.5 1.3 1.6 5.4
1924 22.5 21.9 3.1 0.3 1.2 - 6.2
1925 8.3 7.8 1.0 0.1 - - 1.8
1926 12,7 10,2 1.5 0.1 0.4 0.6 2,6
1927 15,0 13,2 2.3 0.1 - 1.1 3.4
1928 17.1 13.7 1.7 0.1 1.0 1.8 3.8
1929 645 6.7 0.6 0.1 - - 1.2
1930 13.9 T.9 0.9 0.1 0,8 0.7 2.2
1931 13.6 10.1 1.7 0.2 - - 2.7
1932 13,2 13,1 1.5 0.2 - 2.4 3.4
1933 2.9 3.6 - - - - 0.4
1934 12.1 7.9 1.1 0,2 - 1.8 2.1
1935 6.2 5¢3 0.6 0.2 - - 0.9
1936 9.5 6.2 0.8 0.1 - - 1.5
1937 5.7 6.4 1.0 0.2 - - 1.3
1938 7.8 6.5 1,0 0.1 - 1.7 1.6
1939 3.1 - - - - - 0.1
1940 7.6 3,0 0.3 0,02 - 1.9 0.9
1941 4,8 T.2 0.7 0.1 - - 0.7
1942 5.9 2.9 006 0005 - 009 008
1943 5.5 1.4 0.1 0,02 0.2 | = 0.4
1944 2.7 0.5 0.2 - - - 0.3
1945 4.0 0.9 0.3 - - " 0.4



Year

1916
1917
1918
1919
1920

1921
1922
1923
1924
1925

1926
1927
1928
1929
1930

1951
1932
1933
1934
1935

1936
1937
1938
1939
1940

1941
1942
1943
1944
1945

Annual Age-Fatality Rates,

-1

30.6
27.6
36.9
33.7
22.4

2642
2343
23.3
18-9
15.6

13.3
15,0
1708
22,2
17.5

23,2
11.1
19.4
13.7
17.2

14.4
18.0
11.9
14.3
20.4

14 .6
17.3
13.0
6.6
6.0

-2

31.5
26.4
34.1

32,7

18,8

2543
22.5
27.4
21.5
12,9

11,5

9.2
14,3
13,5
12,7

14.8

9.1
10.6
10.2
11.2
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Years

191620
192125
1926~30
1931-35
1936-40
1941-45

1916-20
192125
1926-30
1931-35
1936-40
1941-45

1916-20
1921-25
1926-30
1931-35
1936-40
1941-45

1916-20
1921-25
1926-30
193135
1936-40
1941-45

Table

36

Quinquennial Age-~Fatality Rates.

-1

-2

Scarlet Fever

10.9 12,7
9,0 10.4
11.3 706
9.3 4.3
8;2 204
2.9 0.9
Diphtheria
28,.6 27.5
23,6 24.2
24 .8 20,2
24.7 18.1
12.2 11,0
13.4 8.2
Veasles
15.9 13.6
21.5 18.4
13.6 10.6
12.4 9,2
8.3 5¢5
4.6 1.5
Whooping Cough
29,9 28.9
20.2 20.3
16.8 11.9
18,1 11.6
15.5 8.5
12,0

6.1
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picture by calculating fatality rates for the various age-
groups for the various time-periods. These calculations
were performed by diViding the actual number of deaths in
each age-group in each time-period by the corresponding
number of cases, and multiplying the nuotient by 100: i.e.
the Aeaths are exnressed as a percentage of the cases. The
annual age-fatality rates are given in Table 35, while Table
36 gives the auin-~uennial age-fatality rates.

We are now in a posifion to examine the chahging age-
distribution of cases, deaths, and fatality over the six
quintuennia. It will, however, simplify the comparison
of tha proportions of cases and deaths in the different
age-groups in Tables 33 and 34 if we add an additional
pair o*® ta»les, Tables 37 and 38, in which the percentage
age-Aistributions of cases and deaths for each auvinavennium
are expressed in proportion to the 1916-20 distribution,
this being taken as 100 for each age-group. It is desirable
that it be kept clearly in mind exactly what we are doing:
we assumed, in the first place, that *he total cases for
all ages for each nuinaquennium are constant, (Table 33);
we are now ‘further assuming that the proportion of the
constant total occurring within each age-group in 19156-20
has besn brought up to 100, and we have shown what the

corresponding proportion in the same age-gronp would have



Table 37.

Quinquennial Age-Distribution of Cases, Relative Changes
within Age-Oroups. 1916-20 » 100.

Years -1 2 -5 -10 -15 15-

Scarlet Fever

1916-20 100 100 100 100 100 100
1921-25 111 107 106 103 104 81
1926-30 78 103 105 104 90 96
1931-35 67 124 114 101 91 89
1936-40 56 155 133 99 80 77
1941-45 56 155 134 108 86 52
Diphtheria
1916-20 100 100 100 100 100 100
1921-25 125 95 93 97 115 105
1926-30 89 80 87 111 112 103
1931-35 57 51 80 120 144 93
1936-40 36 43 84 111 142 112
1941-45 50 46 85 100 155 132
Measles
1916-20 100 100 100 100 100 100
1921-25 111 109 97 102 83 54
1926-30 100 93 95 113 67 42
1931-35 98 90 91 120 78 31
1936-40 90 88 87 123 111 46
1941-45 82 70 76 138 189 54
Q= Cough
1916-20 100 100 100 100 100 100
1921-25 129 120 108 84 60 200
1926-30 120 124 105 88 45 150
1931-35 101 +10 97 101 65 100
1936-40 90 101 95 108 70 50

1941-45 88 96 92 111 85 50



Table 38.

Quinquennial Age-Distribution of Deaths. Relative Changes
within Age-Groupa. 1916-20 » 100.

Years -1 -2 -5 -10 -15 15

Scarlet Fever

1916-20 100 100 100 100 100 100
1921-25 110 104 108 78 164 104
1926-30 155 123 95 72 117 146
1931-35 129 91 92 75 193 177
1936-40 169 116 89 62 107 209
1941-45 145 122 53 79 298 200
Diphtheria
1916-20 100 100 100 100 100 100
1921-25 104 112 98 96 150 53
1926-30 109 112 94 91 145 102
1931-35 70 65 92 125 370 133
1936-40 25 38 116 147 290 86
1941-45 63 48 124 104 295 127
Measles
1916-20 100 100 100 100 100 100
1921-25 111 109 84 60 200 50
1926-30 128 110 72 36 200 75
1931-35 131 103 73 81 - 100
1936-40 139 104 66 55 - 225
1941-45 200 64 73 58 700 175

Whooping Cough

1916-20 100 100 100 100 100 100
1921-25 122 115 63 37 100 100
1926-50 132 99 70 45 100 100
1931-35 138 98 68 27 - 100
1936-40 142 92 64 59

1941-45 150 85 64 47 200
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been in succeeding ouinguennig. In other words, we have
adopted a simple method of showing how the proportion of
cases within each age-group has varied. Similarly we have
shown how the proportion of deaths within each age-group
has varied.

Considering cases first, we observe that the relative
incidence of Scarlet Fever has diminished in the first year
of life, has risen in the -2 and -5 age-groups, is fairly
steady in the -10 age-group, falls slightly in the -15 age-
group, and falls steeply in the 15- age-group.

In Diphtheria there is a fall in the -1, -2 and -5 age-
groups. The -10 age-group rose, but returned again to its
original level; there is a rise in the -15 and the 15- age-
groups.

Measles shows a fall in the first three age-groups, a
rise in the next two, and a fall in the 15- age-group.

The 1916220 age-distribution of Whooping Cough is abnormal,
jnasmuch as, if we follow the trend of the succeeding five
quinguennia, the age-distribution of the 1916-20 is such that
it might be expected to come about the middle of these
twenty-five years instead of before them. Present data
is insufficient to show whether the 1916-20 age-distribution
is as markedly different from preceeding periods as it is
from the following ones. 1t cannot, therefore, be deter-
mined here whether it is the 1916-20 or the 1921-25 age-

distribution that departs from the regular trend. Be that
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as it may, the trend of Whooping Cough seems to proceed
regularly from 1921-25 onwards, showing a progreacgive fall
in the first three-age-groups, a rise in the next two, and
a fall in the 15- age-group, i.e. ignoring the 1916-20 age-
gistribution, succeeding changes are similar to those of
Measles.

We have therefore demonstrated,apart from a diminishing
proportion of cases in all four diseases in the first year
of life , 1) in Scarlet Fever a rising proportion of cases
in the eérly age-groupsand a falling proportion in tﬁe later
age-groups; and ;l) in each of the other three diseases, a
falling proportion in the early age-groups, and a rising
proportion in the latervgggiz;oups. While Diphtheria,
Measles, and Whoop'ng Cough each show a relative transfer
of cases from an earlier to a later age, the opposite has
oceurred in Scarlet Fever.

Considering now the changes in age-distribution of deaths
we see that in Scarlet Fever there has been é rise in the
two lowest age-gfoups, a fall in the two middle groups, and
a substantial rise in the -15 and 15- age-groups.

Diphtheria shows a fall in the first two age-groups and a
rise in all the higher age-groups, especially in the -15 age-
group. T e trend of Diphtheria deaths is, therefore, similar
to that of Diphtheris cases.

The proportion of Measles deaths in the first year of

life has been rising; in the -2 age-group it has remained
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fairly steady, though dropping in the last quinquennium:
in the -5 and -10 age-groups, it has fallen between the first
and second quinqugnnia, and has.since been fairly steady;
and shows a rise in the -15 and 15-age-groups.

The proportion of Whooping Cough deathg. in the -1 808 -
group has risen progressively. From 1921-25 there has been
a progressive fall in the -2 age-group, but little change
has occurred in the later age-groups. '

In contra-distinction to the age-shift of cases, all the
diseases, except Diphtheria, show an increasing proportion
of deaths occurring in the first year of 1life. In Scarlet
Fever this is shared also by the -2 age-group. ADiphtheria
is again exéeptional in showing arise in the -5 and -10 age-
groups; BothFSearlet Fever and Diphtheria show a considerable
increase in the proportion of deaths in the -15 age-group,
and a smaller inerease in the 15- age-grounv. Only one
Measles death occurred in the 15- age-group. in 1941-45, so
that the comparafive rate of 700 compared with 100 in 1916-
20 is of little significance.

While the general movement of cases was easy to describe
the picture with regard to deaths is confusing, and each
disease must he considered on its own. A point of consider-
able importance emerges however. Changes in age-mortality.
1o not necessarily parallel changes in age-morbidity. The

assumption frequently made that the age-distribution of deaths

reflects the age-distribution of cases, is unjustified in
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the tresent instance.

Third, we come to the consideration of Table 36, the age-
distribution of fatality rates. Wie have already seen in
Chapter 1, that a progressive fall in total (all ages)
fatality rates has taken place. Table 36, shows us how
ruch each age-group has contributedrtowards the loweéring
of the total fatality rate for each disease. | Comparison
~of the trend is simplified by expressing the fatality rate
of eanch age-group in 1916-20 as 100 agnd calculating the
corresponding rates for subsequent quinguennia. This has
been done in Tablé 29, Only one age-grouv in only one
disease, the -15 age-group in Whooping Cough,has'failed to
show a fall.

In Scarlet Fever, Measles, and Whooping Cough, the fall
in fatality is greatest in the -2, -5, and -10 age-groups
with a les$ marked fall in the -1, -15 and 15- age-groups.
In Diphtheria, the reductions in the different age-groups
are similar to one another, though the -1% age-group shows
a smaller reduction than the others.

These wide differences between age-groups in the reduction
in f;tality for each of the diseases except Diphtheris
ét once explains the difference between the trend of age-
morbidity and age-mortality. Especially it expléins the
rising proportion of desths in the -1 age-group, where the
fallirg proportion of cases is more thar counter-balanced

by a smaller reduction in fatality rates. than at later



Quinquennial Fatality Rates.

Years

1916-20
1921-25
1926-30
193135
1936-40
1941-45

1916-20

1921-25
1926-30

1931-35
1956-40

1941-45

1916-20
1921-25
1926-30

1931-35
1936-40

1941-45

1916-20
1921-25
1926-30

1931-35
1956-40

1941-45

Table

Age-Groups.

-1

=€

Scarlet Fever

100 100
83 82
104 60
85 34
75 19
27 7
Diphtheria
100 100
61 88
64 74
64 66
32 40
35 30
Measles
100 100
136 135
86 78
78 68
52 41
29 11
Whoopin# j'SHgk
100 100
68 70
56 41
61 40
52 29
40 21

39.

1916-20

100
&3

45
36

17

100

79
57
60

63
43

100
117

48

24
10

-10

100

63
37

16

100
74
45

55
61

50

100
80
20
40
16

100
33

11
22
11

100.

-15

100
117
67
&3
35

100
95
67

133

89
61

100
300
200

50

100
100
150

100

Relative Changes within

15-

100
108
77
85
69
31

100
36
50
72
36

29

100
129
129
186
143

29

100

74
105

74

™MW

All

100

&3
50
46
25

100
74
53
52
45
29

100
134
66
59

34
12

100
73
51
45
52
24
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childhood ages. The marked rise in the proportion of
Scarlet Fever deaths in the »15 age-group is also explained
by a failure of fatality to drop as much as in eaflier
age-groups. As the reduction in fatality rates in Diphth-
eria has not varied widely between the age-groups, the
trends of age-morbidity and age-mortality are similar.

We have already seen that the fatality rate in the first
year of life is higher than at later ages. We have also
just seen that this fatality rate has failed to come down
as rapidly as that of the next three age-groups. The compar-
ative behaviour of the fatality rate within the first year
of 1life is strikingly demonstrated in a further table (Table
40). In this tahle,which is derived from Tsble 36, the total
fatality rate for "all ages" in each quinquennium is repres-
ented as 100, and the fatality rate for each age-group is
represented as a proportion of this value. That is to say,
the fatality rate for each age-group is expressed as a pér-
centage of the total tatality rate for "all ages™ in the
same quinquennium.  Since we are holding the total fatality
rate constant thoughout the six quinquennia, a rise in the
proportionate fatality rate in any age-group indicates that
the fatality rate within thet age-group has failed to fall
to the same extent as has the total fatality rate.

Another way of looking at Table 40 is to imagine two
one occurring in persons of "all ages" and

series of cases,

" -1t .
one in persons of only one-ageé group, say under 1 year




Years

1916-20
1921-25
1926-30

1931-35
1936-40

1941-45

1916-20
1921-25
1926-30

1931-35
1936-40

1941-45

1916-20
1921-25
1926-30

1931-35
1936-40

1941-45

1916-20
1921-25
1926-30
1931-35
1936-40
1941-45

Quinquennial Age-Fatality Hates,

Table

within Age-Groups.

1

-2

Scarlet Fever

455
450
942
845
1367
1450

Diphtheria

386
320
469
476
272

465
Measles

389
392
504
518

593
920

530
520
633

391
400

450

275
328

382
349

245
283

332
335
393
384

394
300

Whooping Cough

356
332
392
477
576
600

344
334
277
306

315
305

175

175
158

136

117
100

131
139
141
152
184
194

71
62
52
58
50
60

75
44
49
53

50

40*

A1l Ages"

-10

79

58

55
50
50

76
76
62
81
102

79

o) e No JN-NEN I ()

DnN W n—

-15

25
35
33
45

53
100

18
23
23

36
58

11
15

20

T3 N

Relative Changes
10c.

15-

54
70
85
100
150
200

28
14
26
59
22
28

17
16
33
54
71

23
23
47
37

All .

100
100
100
100
100
100

100
100
100
100
100
100

100
100
100
100
100
100

100
100
100
100
100
100
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Then if we eXpress e.g. the Scarlet Tever Tatality rate,

for "all ages"™ as 100, the corresponding rate in the -1 age-

group would have been 455 in the 1916-20, but would have

peen 1450 in 1941-45;i.e. in 1916-20 the "under one year"

fatality rate was 4.55 times the total fatality rate, but

in 1941-45 it was 14.50 times the total fatality rate.
Naturally this table tells us no more that we already

know, but it demonstrates, in perhaps a more convincing

manner, the increasing weight which, in each disease, the

high fatality rate in the "under one year" age-group contri-

butes to the total fatality rate.

These relative trends in case, death, and fatality rates
between several age-groups, and for four separate diseases,
are perhaps difficult to follow when presented concurrently.
It may help to elucidate the position and to show what are
the major trends if we reduced the number and enlarge the
gize of the age-groups. We shall compare first, the 2-B
with the 0-2 years age-grouns, and then the 5~15 with the
0-5 years age-groups.

From the percentage age-distributions of cases anddeaths
in quinquennia, (Tables 33 and 24), the relative incidence
of cases and of deaths for the 0-2 sge-group. is obtained
by edding together the percentages in the -} and -2 age-

groups. The 2-5 sge-group percentages are already given

in the tables. The two series of percentages are now shown
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under thelr headings in Table 41, zand the third column exXpresses
the ratio of the 2-5 vercentase to the 0-2 percentage, esch
ratio for convenienee beimgmultiplied by 100. In §ther

words, the proportion of cases and deaths in the 2-5 age=-

group are shown as a nercentage of the proportion of cases

and deaths in the 0-2 age-group.

Looking in the first plaee at the cases, it is seen that
no marked change in ratio occurred in Scarle}t Fever or in
Measles. In Diphtheria, there has heen a definite rise in
the 2-5 group. as compared withiggé age-group. In Whooping
- Cough, the ratio shows a slight rise from 1926-30C onwards.
We may say, therefore, thét definitely in Diphtheris, and to
a less extent in Whooping Cough, there has been a relative
transfer of cases from the 0-2.to the 2-5 age-group.

With regard to deaths, again there is some evidence in
Diphtheria of a transfer to tre lateiv age-grCcup. On the
other hand, after the first quinquennium, no change has
oceurred in the Whooping Cough ratios. Scarlet Fever and
Measles, however, both show the opposite trend to that of
Diphfheria, and the ratio of deaths in tre higher to deaths
in the lower age-groups is decreasing. These results are
very much what we would expect to find from what we have
already seen.

To calculate the fatality rates for the 0-2 age-group it
has been necessary to go back to the original numerical data,

add the actual deaths in the -1 and -2 age-groups and divide




Age-Shift in Morbidity, M ortality, and Fatality between

Years

1916-20
1921-25
1926-30

1931-35
1936-40
1941-45

1916-20

1921-25
1926-30

1951-55
1936-40

1941-45

1916-20

1921-25
1926-30

1931-35
1936-40

1941-45

1916-20

1921-25
1926-30

1931-35
1936-40

1941-45

Table

41*

the 0 —2 and 2 —5 Age-Groups*

Percentage of Cases

0-2

2-5

Scarlet Fever

3.8 20.2 552
4.1 21.3 520
3.7 21.2 573
4.2 23.0 547
5.0 26.9 558
5.0 27.1 542
Diphtheria
10.4 27.5 264
10.7 25.6 259
8.6 23.8 277
5.5 22.1 402
4.5 23.2 540
4.9 23.4 478
Measles
19.0 39.2 206
20.9 58.2 183
18.1 37.2 206
17.6 35.5 202
16.8 34.0 202
14.0 29.6 211
Whooping Cough
19.8 34.6 175
24.6 37.3 152
24.1 36.4 151
20.9 33.6 161
18.9 32.7 173
18.2 32.0 176

Percentage of Peath3

1?6)_( %3 S 0-2 2-§

19.6
20.7
25.5
19.3
25.0

24.9

31.5
34.4
35.0
21.0
10.7
16.7

67.0
73.5
78.0
75.7
78.3
75.5

69.1
81.7
79.6
81.1
80.7
80.9

35.2

37.9
33.2

32.4

31.3
18.8

27.8

23.3
19.8

20.1
18.2
20.4

25.8
16.3
18.0
17.5

16.4
16.6

(0-2)

180
185
130
168
125

116
104

97
160

595
270

42
32
25

23
27

57
20

25
22
20
21

Fatality Rates

0—=2 2-5
12.2 4.2
10.0 35
s.3 1.9
50 1.5
5.0 0.7
1.1 0.2
30.5 13.1
24.0 10.3
21.6 7.5
200 7.9
11.3 8.3
9.7 5.6
143 2.9
194 3.4
11.6 14
104 1.4
6.4 0.7
26 0.3
294 6.3
202 2.7
142 2.1
146 2.0
11.7 1.4
8.8 1.0

100(2

54
55
25

25
18

43
43
35
40
73
58

20
18
12
15
11
12

21
15
15

14
12

11

29
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this gvmw by the sum of the total cases in the two age-grours,
mulfinlying the cuotients by 100. The fatality rateg for

the 2-3 age-group are already known (Table 36). We now
express the 2-5 age-group fatality rate as a percentage

of that of the 0-2 age-group. These fatality rates and

their rercentage ratios are also shown in Table 41.

The fgatality rate in the higher sge-group relative fo
that in the lower age-group has, as we would expect, fallen
in Scarlet Fever, Mmeasles, and Whooping Cough, but has, on
the whole, risen in Diphtheria.

An exactly similar process has been carried out to com-
pare the 5-15 age-grcup with the 0-5 sge-group. The three
gsets of ratios, for cases, deaths, and fatality rates, are
given in Table 42.

It will be remembered, that, a® we saw in Table 37, the
trend in the Scarlet Fever age-distribution of cases was
exceptional in that it showed a transfer of cases from the
higher to the lower age-groups, the other three diseases,
showing .a.transfer in the opposite direction. This
andmalous benaviour of sScarliet rever is even more clearly
brougnt out now, tne 5-1b to 0-5 case-ratio showing a very
definite progressive fall in Scarlet Fever, while each of
the other discases shows just a8 definite a rise, The
Scarlet Fever denths, however, do not, as we know, follow

the cases, and no definite trend in the death-ratio is

apparent . In Diphtheria, the ratio of deaths between




Table 42#
Age—Shift in Morbidity, Mortality, and Fatality
between the 0 -5 and 5-15 Age-Groups.
Years Percentage of Case3 Percentage of Deaths Fatality Rates

0-5 5-15 10015-15) 0-5 5-15 loot5-15) 0-5 5-15 100(5-
10-5) (0-5) (0-5)

Scarlet Fever

1916-20 24.0 58.4 244 54.8 358 66 55 15 27
1921-25 254 60.4 238 58.6 31.6 54 4.6 1.0 22
1926-30 249 58.2 235 587 27.6 47 2.9 0.6 21
1931-55 27.2 27.1 210 51.7 31.7 6l 2.1 0.6 29
1936-40 31*9 54.5 171 56.3 24.1 43 1.1 03 27
1941-45 32,1 589 183 43.7 375 86 0.3 0.1 33
Diphtheria
1916-20 379 44.3 117 67.9 27.2 40 179 6.1 34
1921-25 36.3 45.0 124 70.1 273 39 143 4.5 31
1926-50 32.4 49.2 152 69.1 259 37 1.2 2.8 25
1931-35 27.6 55.8 202 546 389 71 104 3.7 36
1936-40 27.5 52.6 191 53.0 42.8 8l 8.7 5.7 43
1941-45 283 482 170 61.8 32.0 52 63 19 30
Measles
1916-20 582 392 67 948 4.8 5.1 6.6 0.5 8
1921-25 59.1 39.5 67 96.8 3.0 3.1 9.0 0.4 4
1926-30 55.5 43.6 79 97.8 19 2.0 48 0.1 2
1931-35 53.1 46.1 87 95.8 3.8 4.0 43 0.2 5
1936-40 50.8 48.0 95 96.5 2.6 2.7 1.3 0.07 5
1941-45 43.6 55.0 126 95.9 3.4 35 1.1 0.03 3
Whooping Cough
1916-20 544 45.4 83 949 5.0 5.3 147 0.9 6
1921-25 619 37.7 61 980 19 1.9 9.7 0.3 3
1926-50 60.5 39.2 65 97.6 23 2.4 6.9 0.2 3
1931-35 54.5 453 83 98.6 1.3 1.3 6.8 0.1 1
1936-40 51.6 48.3 94 97.1 2.9 3.0 52 0.2 4
1941-45 502 497 99 97.5 2.5 2.6 3.8 0.1 3
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the two age-groups rises, though not guite in line with the
case-ratio. In Neasles and Whocping Cough the death-ratios
show no definite trend in either direction. The fatality
rate in the hirsher age-group compared with that in the
lower shows no very definite change in any of the diseases.
Scarlet Fever and Diphtheria show a higher ratio in the first
quinquennium than in the two following ones, and, in Measles.
and Whooping Cough, the ratio in the first guinquennium is
considerably highér than in any other of the succeeding ones.
The contrast in the behaviour of the fatality rates between
the 0-2 and 2-5 age-groups is not repeated between the 0-5
and 5-15 age-groupse.

Befofe passing on to the next section of this chapter,
it may be as well briéfly to recapitulate the findings that
have so far been made, and to emphasise those that may be
regarded as of significance.

1. Variations in the ageQincidence of deaths do not
necessarily reflect variations in the age-incidence of cases,
gince the former is a compound function both of the latter
and, of the age-fatality rate.

ii. In each disease, the relative number of céses in
the first yéar of life is becoming less. In each disease
except Diphtheria, the relative number of deaths in the
first year of life is beooming greater.

iii. In Diphtheria, Measles and Whooping Cough, there is

8 relative transfer of cases from an earlier to a later age-
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aAge-2roups. In
Scarlet Fever this relative transfer is in the opposite
direction.

iv. Due to unequal rates of reduection in fatality rate
in the different age-groups, dc<aths do not show a comparable
transfer between the lower and the higher age-groups, except
in Diphtheria; where the fall in fatality rates has been equ-
ally shared by most age-groups.

ve Except in Diphtheria, the fall in fatality rates has
occurred esmeially among pre-school and younger school
children. Among infants, children aged 10-15 years, and
adults the fall in fatality rates has been less. In
Diphtheria, the fatality rate in the 10-15 age-group has
shown the least tendency to fall.

It is almost impossgible to draw definite conclusions

about the changes in fatality rate in the higher age-groups
in Measles and Whooping Cough, as the number of cases is

small, and deaths are rare.
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Sectbion 2
The Effect of Altered Age-Constitution of the Population

upon Age-Incidence.

In Chi.per 1, reference was made to the falling birth-
rate, and to its influence upon the age-constitution of
the population. Table 26, showed the agefdistribution
of the population at the three eensus years, and two later
years,from 1911 to 1945. Using the percentage age-distrib-
utions of Table 26, we may interpolate for intervening years
and so arrive at avpproximate percentace age-distributions
for the six guinquennia with which we are concerned. This
has beegfﬂ:'Table 43, which shows also the relétive trend
of the vproportion of the population in each age-group, the
1916-20 percentage for each age-group being expressed as 100.

The fsgll in the proportion within the -1 age-group from
2.4 to 1.8%, i.e. 100 to 75,is in step with the fall in
the birth rate from 26 per thousand in 1916 to 19.3. per
thousand in 1945, and is, therefore, probably an accurate
representation of what has been happening within that
age-group.

Due to the sparing in infant life in recent years, the
reduction in the -2 age-group we might expect to be very
slightly less than in the -1 age-group.

A reduction in the proportions within the -10 and -15

ageé-groups of approximately 10 in each 100 is probadbly fairly




Quinquennial Percentage Age-Distribution of the Population

Years

1916-20

1921-25

1926-50

1931-35

1956-40

1941-45

1916-20
1921-25
1926-50

1931-35
1936-40

1941-45

Table

43.

of Glasgow, Based on Census Estimates*

(With Relative Changes within the Age-Groups).

2.4
100
2.5
96
2.0
85
1.9
79
1.9
79
1.8
75

2.4
100

2.2
92
1.9

79
1.8

75
1.8

75
1.8

75

54
100
5.1

94
5.5

98
5.4
100

5.4
100

5.4
100

Table

"Smoothed” Relative

100

95
90

85
80

75

100
96
92
88

84
80

100
97
94

91
88

85

-10

9.9
100
9.7
98
9.6
97
9.4
95
9.2
93
9.0
91

44,

Changes within the Age-Groups.

100
98
96
94
92
90

-15

9.8
100
9.6
98
9.0
92
8.8
90
9.0
92
9.0
92

100
98
96

94
92

90

15-

70.1
100
71.1
101
72.2
105
72.7
104
72.7
104
75.0
104

100
101
102
103
105
106

All Ages

100

100

100

100

100

100
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4ceura €. The indicated trend in the -5 age-group is, how-
ever, surely quite inaccurate. It is unreasonable that the
earlier and later age-groups should show a fall in their
relative proportions, and that the -5 age-group proportion
should remain unchanged.

In an effort to overcome this serious discrepancy, I
have constructed two hypothetical tables, which are intended
to show more accurately, or at least more reasonably, the
behaviour of each of the age-group proportions. Table 44
expresses the proportion in each age-group in 1916-20 as
100; the proportions in the succeeding quinquennia are
calculated on the basis that the -1 age-group has progressive-
ly dropped to‘75, the -10 and the -15 age-groups have each
dropped to 90, and the intermediate -2 and -5 age-groups have
dropped to 80 and 85 respectively by the 1941-45 quinquennium.
Thereafter, Table 45 was constructed, substituting for the
1931-35 proportionate figures in Table 44, the percentages
given for 1931-35 in Table 26. These percentages, closely
similar to those of the 1931 Census, =are probably fairly
accurate. The percentages for the other quinquernia were
then calculated from the proportionate figures of Table 44.
The whole procedure, perhaps complicated to describe, was
simple and straightforward to carry out.

We have, then, in Tables 44 and 45, a purely hypothetical

expression of the behaviour of the wvarious age-groups of

the population over the thirty years. No allowance




Table

45.

Quinquennial Percentage Age-Distribution of the Population

Years

1916-20
1921-25
1926-50
1951-35
1936-40
1941-45

Relative Changes in Population between the 0 -2

Age-Oroups and between the 0 -5

Xears

1916-20

1921-25
1926-30

1951-55
1936-40

1941-45

Based on “Smoothed" Age-Group Changes,

2.2
2.1
2.0
1.9
1.8

1.7

0-2

4.3
4.1
3.9
3.7
3.5
33

2.1
2.0
1.9
1.8

1.7
1.6

2-5

6.0
5.8
5.6
5.4
5.2
5.0

6.0
5.8
5.6
5.4
5.2
5.0

Table

46.

02

1.40
1.41
1.44
1.46
1.48
1.52

-10

10.0
9.8
9.6

9.4
9.2

9.0

0-5

10.3
9.9
9.5
9.1
8.7
8.3

-15

9.4
9.2
9.0
8.8
8.6
8.4

15-

70.3
71.1
71.9
72.7
73.5
74.3

and 2 —5
and 5 —15 Age-Groups.

19.4
19.0
18.6
18.2
17.8

17.4

All Ages

100
100
100
100
100
100

0-5

1.88
1.92
1.96
2,00
2.05
2.10



has, however, heen made for short-term fluectuations in
birth rate with correspofding short-term variations in
age-distribution. In spite, however, of this "smoothing
out" of short term variations, it is probable that the
two hypothetical tabdes give a much truer picture of the
relative changes within the age-groups than does Table 43,
derived directly from the census estimates.

From these "smoothed" population distributions it was
a simple matter to construct Tahle 46 showing,l) the percent -
gges of the population in the 0-2 and 2-5 age-groups at each
‘quinguennium, and the ratiog of the 2-5 to the 0-2 age-groups,
and . 11) the corresponding figures for the 5-15 and 0-5

age-groups.

Before we proceed to correct the age-distributions of
morbidity and mortality, given in Section 1 of this chapter,
for the variations in the age-distribution of the populat-
ion, let us consider for a moment what we may expect to
happen to the age-incidence of s disease when there occurs
a éhange in the age-distrition of the population at risk.
This can be readily done by adopting a very simple algebraic
ktreatment of the problem.

Let us congider 2 populations. Let the first eonsist
of C "children"and A "adults": the total population there-
fore consists of C+A persons. let the second population

congist of C-4d "children" gnd A+d "adults"”. Again the
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total menulation numbers C4A persons, but has a greater
proportion of adults than the first.

Let us assume that the attack-rate of a disease is the
same for the children of the two populations, and the same
for the adults of the two populations, but that the attack-
rate for children is greater than for adults. |

Let 'x' per person be the attack-rate on children.

Let 'x/k' rer person be the attack-rate on adults. Since
x is greater than x/k, kX is greater than 1.

i) The incidence of the disease upon the first population
will be Cx+Ax/k; and upon the second population (C-d)x+
(A-d)x/k, i.e (Cx¢Ax/k)-dx(1-1/X%). Now dx(1l-1/%) must be
positive since k is greater than 1; therefore the incidence
in the second population is less than in the first.

i1) 1In the first populatién the ratio of incidence among
children to incidence among adults is Cx . which is equal

X
to Ck/A.

In the second population the ratio of incidence amrong
children to incidence among adults is((c-d}x which is equal
‘ #d)x

to (C-d)k/(A+d).

Obviously the ratio in the first population is greater
‘than the ratio in the second since the numerator of the first
is greater than the numerator of the second, ani the denom-

inator of the first is smaller than the denominator of the

second.

Therefore, in the second population compared with the
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firse, relabive’y mors cus:s Mav: agooreed anonz the ~dult
poxticn of the population.

In dealing with the 'infectioﬁs diseases of childhoodr,
which Chalmers, (1913), describves, as a "convenient phrase
whereby to express the increasing impunity to these diseases
which individuals acquire on passing through childhocd to
maturity'", the problem is nct quite so simple that we can
postulate two such populations in whiéh the "children" and
the "adults™ attzck rates remain oonstantrin spite of change
in the age-constitution of the population. For one thing
we have ignored the basic fact that imrunity is more a
function of experience than age, though the two may run to-
gether. However, in our imaginary second population the
same proportion of children out af a smaller total number
of children are being rendered immune by attack, and the
inecreased adult population is due not to an influx of possibly
susceptible adults but to the longer living of the already
existing adult population. Hence the above simple algebraic
exposition probably does indicate what should actually
be hapvening in the "infectious diseases of childhood",
namely, a reduction in total incidence and & transfer of
cases to a later age. |

e already have seen that thevtotal incidence of cases
in each of the four diseases has not very greatly declined.

Perhaps factors other than altered age-constitution of the

population are operating in such a way as to maintain or to
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increznce the attack rates.

That there has been a transfer of cases to g later age
in each of the diseases excent Scarlet Fever has been
demonstrated. Obviously the age-shift in Scarlet Fever
cannot readily be explained by the age-shift in the popu-
lation at risk, since the two age-shifts are in opposite
directions. It may be, however, that the age-ghift to s
later age in each of the other diseases may be explainable
purely on the basis of population change. How far this
ray be the case we shall now proceed to investigate.

The direct methed would he to calculate an attack rate
within each age~group on the basis of the ratic of the
number cof cnses to the nurber of persons within each age-
group. In so doing, it would be necessary to compernsate
for changes in total incidence from quinquenniuvm to quin-
quennium, and also for changes in the total population.
Obviously, the samre result is achieved if we calculate the
ratio of the percentage of total cases occurring in an age-
group to the percentage of the total population within that
age-group. In doing this we are keeping the total incidence
and the total population constant at 100.

Alternatively,?gg come now to the method which has actu-
ally been édopted, we may consider the two tables, Tables
%7 and 44, in which the percentasze of cases and the percent-

ages of population within each age-group in the 1916-20 quir-

gquenrium have been raised to 100, and the subsequent




percentage distri utionsraised in proportion to this figure.
If we now take each entry in Table 37 (Age-distributicn of
cases) =and divide it by each corresponding entry in Table
44, (Age-distribution of population), multiplying each quot-
ient by 100 to bring the 1916-20 figures once rore uv to
100, we achieve, in Table 47, the same result as in table
37y except that the effeet of population changes has now
been taken into consideration. In other words, we are now
showing the trend of the attack-rates within each age-group,
when that attack-rate in 1916-20 is represented by 100, and
the total population and total cases are.helé constant at
all ages.

By an exactly similar process, Table 38 (the proportionate
age-distribution of deaths )hecomes Table 48, in_which again
we have made allowance for the altered age-constitution of

the populastion.

‘ Let us examine Table 47. In Scarlet Féver the relative
transfer of cases from the -1, the -15, and the 15~ age-groups
to the -2, -5, and ~10 age-groups is still occurring. In
Diphthéria a fall occur:rs in the two earliest age-groups;
the -5 age=-grour shows little change; and the later age;groups
each show a rise. In ®easles, the -1 incidence falls slight-
ly from 1921-25 onwards; the next two age-groups shew slight

falls, but tre later age-groups except the age-group for

adults show definite increase. In Whooping Cougr, it is




Table 47.

Quinquennial Age-Distribution of Cases, Relative Changes
within Age-Groups | Allowance having been made for

Population Changes in Age-Groups. [.916-20 * 100.

Tears -1 -2 -5 -10 -15 15-
Scarlet Fever
1916-20 100 100 100 100 100 100
1921-25 117 111 109 105 106 80
1926-50 87 112 112 108 94 94
1951-55 79 141 125 107 97 86
1956-40 70 184 151 108 87 75
1941-45 75 194 158 120 96 49
Diphtheria
1916-20 100 100 100 100 100 100
1921-25 152 99 96 99 117 104
1926-50 99 87 95 116 117 101
1951-55 67 58 88 128 155 90
1956-40 45 51 95 121 154 107
1941-45 67 58 100 111 150 125
Measles
1916-20 100 100 100 100 100 100
1921-25 117 114 100 104 85 55
1926-50 111 101 101 118 70 41
1951-55 115 102 100 128 85 50
1956-40 115 105 99 154 121 44
1941-45 109 88 89 155 210 51

'Vhooping Cough

1916-20 100 100 100 100 100 100
1921-25 156 125 111 86 61 198
1926-50 155 155 112 92 47 147
1951-55 119 125 107 107 69 97
1956-40 115 120 108 117 76 48

1941-45 117 120 108 125 94 47
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necessary once moreto ignore the first guinouenniur if we
are to get progressive trends. Having done so, we find
there is a fall in the-1 age-group, the -2 snd -5 2ge~-grouyp
remain steady, the -10 and -15 age-groupsshow a rise, snd
the aduvlt grouvp is falling.

It seems probable that in estimating our "smoothed" pop-
ulation distributions, in which, as was stated, no regard
was paid to short-term fluctuations in the population, we
have allowed the -1 population, and probably the -2 popul-
ation in the 1916-20 quinguennium to\be too highs During
1917, 1918, 1919, the city birth rate was much lower than
in the seversl years preced ing and following.

If the actual -1 age-group population in the 1916-20
quinguenniuvm had been 25% less. than what we have assumed
it to be, the effect would be that instead of 100 cases,for
the 1916-20 aquinquennium in Table 46, the figure shown would
be 13%, i.e. (100/75) x 100. But the birth rate for the 1916~
20 period was not in actual fact low enough to have produced
so large g reduétion in the -1- population. A reduction
of about 10% would be much closer to reality, and this would
give & 1916-20 case rate represented by 111 instead of 100,
i.e.(lOQ/QQ)x 100. But the substitution of 111 for 100 for
1916-20 in the -1 age-group column would still not fit well

into the general trend of the age-group.

Be that as it may it is evident that in spite of a reason-
"ahle
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correction having becn rade for the population change,
the general position still remains that there is evidence
in Scarlet Fever (except in the first year of life) of a
relétive age-shift from higher to lower ages. In the other
three disenses; there is still a transfer of cases from the
lower to the higher age-groups.

Let us now consider Table 43, where we see that correction
for the altered age-constitution of the population has not
altered the genersl picture of age-shift of deaths that wsas
presented in Table Z8.

Except in Diphtheria, the proportion of deaths in the -1
age-groups shows a greater increase since we have considerably
reduced the proportion of the population within the age-group.
In Diphtheria, there has been,as before, a relative transfer
of deaths from all the lower age-groups to the higher ones.

In Scarlet Fever the transfer of deathsfglill from the -5 and
-10 age-groups to both the lower and higher age-groups In
Measdeés and Whooping Cdugh, we see a rise in the-1 age-group,
g rather doubtful fall in the -2 age-group,no real changes

in the next two groups, and a suggestion of a rise in the
later groups. As we have previously mentioned, the paucity
of deaths iﬁ the higher sge-groups for both Measles and
Whooping Cough renders the intgrpretation of changes in thecse
age~-groups difficult.

Tt will be remembered that,in Tables 41 and 42, changes

in the ratio ¢ £
rati of'cxses and deaths between the 2«8 0-2, and




Table 48.
Quinquennial Age-Oistribution of -Deaths. Relative Changes

within Age-Croups, Allowance having been made for
Population Changes in Age-Groups. 1916-20 » 100.

lears -1 -2 -5 -10 -15 15-

Scarlet Pever

1916-20 100 100 100 100 100 100
1921-25 116 108 111 80 167 103
1926-30 172 134 101 75 122 143
1931-55 152 103 101 80 205 172
1936-40 211 138 101 67 116 199
1941-45 193 153 62 88 331 189
-Diphtheria
1916-20 100 100 100 100 100 100
1921-25 109 117 101 98 155 52
1926-50 121 122 100 95 151 100
1951-55 82 74 101 133 394 129
1956-40 31 45 132 160 315 82
1941-45 84 60 146 116 328 120
Measles
1916-20 100 100 100 100 100 100
1921-25 117 114 {7 61 204 50
1936-30 142 120 77 38 208 74
1931-35 154 117 80 86 m 97
1936-40 174 124 75 60 - 214
1941-45 262 80 86 64 778 165

whooping Cough

1916-20 100 100 100 100 100 100
1921-25 128 120 65 38 102 99
1926-30 147 108 74 47 104 98
1931-35 162 111 75 29 - 97
1936-40 178 109 73 64 -

1941-45 200 106 75 52 222 _



70

the £=18; 0<5 asc-groups were deronsirated. It is necess-
ery now to correct these tahles for the changes in the
population at risk in the different age-groups. To do
this we shall utilise Table 46 in which were shown the
changing ratios of the population within these age-groups.
The method of correction that has been employed is as follows:-
We divide the population ratio in the 1916-20 gquinquennium
by the population ratio in each succeeding quinquennium.
This gives a "correcting factor™, by which we multiply the
case (or death) ratio in each quinquennium. An actusl
example will make the working clearer; let us csglculate the
corrected ratios for Scarlet Fever cases in the e.g.1941-4F
quinquernnium for the 2-5 and 0-2 sge-groups. The population
ratio 2-5: 0-2 in 1916-20 was 1.40. We daivide this by tne
gorregponding ratio for i ¢ 1941-48, namely 1l.52, and arrive
at a correcting factor of 0.921l. We then multiply the
ratio of Scarlet Fever cases in 1941-45 for the 2-5; 0-2
age-groups which,from Table 41, we see is 542, by the correcting
factor, 0.9211, and obtain the corrected ratio 499.

Obviously, the same series of correcting factors is used
for each disease, both for cases and for déhthss When
however, we correct the 545: 0-5 ratios, we must use a
different series of correcting factcrs derived from the 5-15;
0-5 population ratic® .

Considering firsf the 2-5 series (Table 49) we sec that,

as we saw before in Table 41, the oanly convincing evidence




Table 49.

Age-Shift in Morbidity and M ortality between the
0-2 and 2 -5 Age-Oroups, Allowance having been

made for Changes in Population in the Age-Oroups.

Years Population Ratio Correcting Factor
1916-20 1.40 1.0000
1921-25 1.41 0.9929
1926-50 1.44 0.9722
1931-35 1.46 0.9589
1936-40 1.49 0.9396
1941-45 1.52 0.9211

Cases Deaths

Actual Ratio Corrected Ratio Actual Ratio Correcte

Scarlet Fever

1916-20 532 552 180 180
1921-25 520 516 183 182
1926-50 575 557 150 126
1931-55 547 525 168 161
1936-40 558 506 125 117
1941-45 542 499 76 70
Diphtheria
1916-20 264 264 116 116
1921-25 259 257 104 105
1926-50 277 269 97 94
1951-35 402 385 160 153
1936-40 540 507 595 371
1941-45 478 440 270 249
Measles
1916-20 206 206 42 42
1921-25 185 182 52 32
1926-50 206 200 25 24
1931-35 202 194 27 26
1956-40 202 190 23 22
1941-45 211 194 27 25
Whooping Cough
1916-20 175 175 37 37
1921-25 152 151 20 20
1926-50 151 147 25 22
1931-35 161 154 22 21
1936-40 173 165 20 19

1941-45 176 162 21 19
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ol wet-Siol UL Ccuald CCours In Dipntasria, the are-ghifl

being tothelater age-group. Scarlet Fever deaths show =z
shift to the younger age-group, Diphtheria deaths to the
later agce-group. The changes in Meacles and Whooping
Cough deaths after 1916-20 remain indefinite. The correction
for population change has not materially altered the trends
demonstrated in Table 41.

Similarly, in the 5-15: 0-5 age-group series, (Table 50)
correction for population change does not produce any mat-
~erial difference in age-shift from what has already been
indicated by Table 42. Scarlet Fever cases show an ineregased
age-shift to the earlier age-group, while the other diseascs
show a lessened age-shift to the later age-group. Only
Diphtheria shows a definite age-shift of deaths, to the
later age-group. In the other diseases, the ratibs of deaths
fluctuate, but do not reveal any progressive trend.

’It seems apparent, therefore, that those progressive
variations in age-incidence that have been demonstrated
cannot he adequdtely explained by an altered age-distribution
of the population at risk. Population changes of the extent
which we may presume to have occurred are insufficient by
themselves to account for the age-shift of cases from the
0-5 to the 5-15 age-group in Diphtheria, Measles and Whooping
Cough. In Scarlet Fever, the age-shift of cases has been

in o direction contrary to the age-shift of the population.




Age-Shift in Morbidity and Mortality between the 0 -5

Table 50.

and 5-15

Age-Groups, Allowance having been made for Changes in Population

Years

1916-20
1921-25
1926-50
1951-55
1956-40
1941-45

1916-20
1921-25
1926-50
1951-55
1956-40
1941-45

1916-20
1921-25
1926-50
1951-55
1956-40
1941-45

1916-20
1921-25
1926-50
1951-55
1956-40
1941-45

1916-20
1921-25
1926-50
1951-55
1956-40
1941-45

in the Age-Groups -

Population Ratio

1.88
1.92
1.96
2.00
2.05
2.10

Cases

Actual Ratio

Scarlet Fever

244
258
255
210
171
183

Diphtheria
117
124
152
202
191
170

Measles

67
67
79
87
95
126

Whooping Cough

85
61
65
85
94
99

Corrected Ratio

244
255
225
197
157
164

117
121
146
190
175
152

67
66
76
82
87
115

85
60
62
78
86
89

1.0000
0.9792
0.9592
0.9400
09171
0.8955.

Correcting Sactor

Deaths

Actual Ratio

66
54
47
61
45
86

40
59
57
71
81
52
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Corrected Ratio

66
55
45
57
59
71

40
38
55
67
74
47
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Oniy in Diphtneria, where tle futality rate has

fairly evenly declined in each age-group does the age-shift
of deaths closely follow that of cascs, but this age-shift

ig greater than can be explained by the population age-shift.
In the other diseases, such smaller age-shifts of deaths

48 have occurred are maintained even when the influence

of are-redistribution of the population has been taken into

accounpt.




Section 3
The Effect of the Diphtheria Immunisation Campaign upon
Age-Incidence.

In Chapter 1, a brief reference was made to the effect
of the Diphtheria Immunisation Campaign upon the general
morbidity, mortality and fatality rates. We shall now
look more particularly at the age-distribution of Diphtheris
cases during the years 1941 to 1945.

During these war years, the position is seriously confused
by doubts, not only about the size of the total population
of the city, but also about the size of the child populafion.
At July 1941, some 27,000 (25%) pre-schooi children and 50,
000 (29%) school children were stated by the Medical Officer
of Health to have been evacuated from the City. As very
little infofmation was published during the war years on
population statistics, it is problematical how rapidly these
children returned to the City.

The effect of evacuation upon age-incidence should have
been shared bj 81l four diseases, though not necessarily
equally; the age-incidence of Measks and Whooping Cough
differs from that of Diphtheria, and the age-incidence of
Scarlet Fever may possibly behave in a different fashion.
Let us, however, examine the age-distribution of cases of

cach of the diseases during the individual years just before,

and during the war, (see Table 31),

In Scarlet Fever the age-distribution of cases in 1941




74

was c¢losely siriler to that of 1938. During the next two
years, 1942 and 1943, there was a relative reduction in the
pre-school and adult incidence with a gorrespondins rise
in the school-age incidence.

1941, being a non-cpidemic year for Measles, with the
age-distribution possibly influenced by the low prevaleﬁce
of thuat year (we shall refer to this effect in the next section)
we shall omit it from the present discussion. There is
certainly no marked change in the age-distribution of Measles
between 1928 and 1940. In 1942, however, there is some
transfer of cases from the -2 and -5 age-groups to the higher
age-groups espeefally to the -10 age-group. In 1943, this
age-shift is more marked.

In Whooping Cough, the 1941 age-distribution of casesis

very similar to that of 1938, and while there is a slight
transf:r of cases from the pre-school to the school ages in
subsequent years, this transfer does not seem to have taken
any sudden jumps.

It seems, therefore, that the evacuation of children has
produced only very slight changes in the age-distribution
of Scarlet Fever, Measles, and Whooping Cough. Now let
us look 2t the Diphtheria age-distribution over these years,
to see whether the changes in age-distribution are greater
than we might expect in comparison with the other three

diseuses. It will he remembered that apovroximately one-

quarter of the pre-school and one half of the school popul-
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lation hod heen immunised during 1941. Between the 1940
and 1941 there is a very striking increase in the 15- pro-
portion of cases, which rises from 20.2% to 25.6%. This
higher relative incidence in the 15- age-group was maintained
during 1942, declined in 1943, and 1944, and by 1945 had
returned apmoximately to its pre-war level. 1In none of the
other age-groups does any marked change in relative incidence
oceur; and such changes as do occur are no gréater than those .
geen from year to year at any other period.

Within all the childhood age-groups, therefore, we may
say that immunisation has had no obvionz effect vpon sce-
distribution. No comparable transfer of incidence to the
15- age-group is seen in the other diseases, and it is possible
that this transfer in Diphtheria has been dve to the Immun-
isation Campaign. It is however, impossible to be certain
about this, since an age-shift to the 15- age—grdup might
perhaps have been brought about by’a war-time influx of
young adulte into the city to whom the prevailing strain of

C.diphtheriae might be unfamilar and for whom therefore it

might show an enhanced infectivity.
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Variations in Age-Incidence associated with Changes in Total

Prevalence,

Turner, (1923) pointed out that both in London and Man-
chester, during years ¢f high Scarlet Fever prevalence the
children of school ages were affected in relatively greater
numbers than were younger children.  Similarly, Cheeseman ,
Martin,and Russell, (l§59) and Martin (1942), investigating
the age-incidence of Diphtheria in London, report a relative
transfer of incidence from pre-school to school children
during years of high Diphtheria prevalence.

_ Of the several tentative explénations that have been put
forward to explain this occurrence in Diphtheria, '~ - one
is-that a change in the predominant type of the infecting
organis ' m finds the younger age-groupsin their usual state
of susceptibility; the older age-groups,who are expected,
under normal circumstances,to be less susceptible by reason
of past experiénce. do not enjoy this advantage when the new
type of organism is one of which they have had no past experi-
ence. Hence, relatively more attacks occur in the later
age-group, producing not only a period of increased preval-
ence but also a temporary relative age-shift to the later
age-group.

Another explanation, which does not postulate any change

k)

in the type of infecting organism, is that during a period
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causes) when susceptiblés within the normally most sus-
ceptible age-grouns are exhausted, the organism, still
infective, finds a number of persons suscevntible within
age-groups that are normally relatively insusceptible.
gartin regards as improbable this latter explanation.

“hatever the exvlanation of this temporary age-shift,
we can at any rate with our arnual data of total prevalence
and age-distributions, (Tables 1 and 31) examine the Glasgow
experience over the 30 years to ascertain whether any of
the disexases demonstrate the phenomenon. e shall look
af peak years to see whether there is evidence of a temporary
age-shift in such years compared with neighbouring years.

Taking Scarlet Fever first, and comparing the age-
distribution of cases in the peak year 1926, with the prev-
ious and following year, there is certainly no convincing
evidence of age-shift. Similarly the next peak year, 1932,
fails to show any serious disturhance: frem tre prevalling
agewdiétribution.

"In Diphtheria, a moderate peak occurred in 1927; in this
year the percentage of cases in the 15- age-group was “1l.8%,
the highest percentage in that age-group from 1916 up to
1937. But in the next peak year, 1940, no similar rise in
the 15- age-group occurred, and the age-distribution of

cases in that year was much the sare as in previous years.

In the next two years, 1941 and 1942, however, there was a




rise in the 18- nge - oroup incidence, though this , as

we suggested in the lust section, may have been due to Lhe
Imrunisation Campaign or to & war-time change in the gge-
constitution of the population. On the whole there is no
real evidence to suggest that in Glasgow years of exception-
ally high Diphtheria prevalence are associated with g change
in the age-distribution of cases.

Measles, vresents an interesting feature, namely a marked
change in age-distribution associated with the viédlent inter-
annual fluetuations in total prevalence. During the years
of very low prevalence, i.e.1933, 1935, 1937, and 1939, there
has occurred a very sharp transfer of cases from ages vnder
5 to uges over 5, more espécally to the -10 and -15 age-groups,
though the 15- age-group has also received a share of the
transferred cases. | The -1 age-group deoes not seem to take
m¢uh part in the transfer, and on the whole, its percentage
of cases remains fairly normal. In 1941,a year in which
prevalence was very low, the temporary age-shift 4id ncot
oceur.

While it is not possible to offer a full explanation for

this age-shift in Measles in non-epidemic years,it may ver-

haps be due to the exhaustion of the normally susceptible

population during the preceding period of high epidemicity.

. g . w
1t will of course he observed that in Measles in Glasgo

we are seeing the opposite of what we were looking for in

-shift o]
Scarkt Fever and Diphtheria. In Measles, the age-shitt b
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higher agcee occurs In association with low instead of high
prevalence.

Since Whooping Cough similarly presents annuval fluctuations
in prevalence it might be expected that an age-shiggyégagﬁat
of Measles would occur in non-epidemic years. The only gears,
howevgr,during the whokseries, in which prevalence was except-
jonally low-were 1940. and.l942, in both of which evacuation
may have influencedthe age-distribution, In 1940, for what-
ever reason, there is a relative age-shift from the ;l, -2
gnd -5 age-grouvps to the -10 age-group..

It is pnossible that, using fuller data, such as the
weekly case-rates and single years of age- for age-digtributions,
(in the manner of Cheeseman, Martin,and Russellfor Diphtheria

and Diphtheria
in Londonh some evidence of age-shift in Scarlet Fever/to
higher ages during periods of increased prevalence might have

been found. But with the present data, no such age-shift

can be demonstrated.
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Section b

The Influence of Age-Shift upon Fatality Rates.

That there has taken place a substantial decline in
the general Tatality rate in each of the diseases was demon-
gtrated in Chapter 1. It was also shown that the fatality
rates, at least during the years of childhood, are inversely
proportional to the age of attack. It has heen further shown,
in this chanter, that the age of attack in each disease has
been changing, in Scarlet Fever to an earlier age, and in
the other diseases to a later age. 1In each disease there
has been some reduction in cases in the first year of 1life,

in which year the fatality rate 1is notably high.

In this section it is proposed to investigate how far
these age-shifts have béen effective in reducing +the general

fatality rate of ench disease.

During the 1916-20 guinaquennium there were 330 deaths from
Scarlet Fever out of 1%,697 cases. The fatality rate, there-
fore, was 330 x 100/13,597, i.e. 2.4%. This fatality rate
is, however, the weichted average of the fatality rates of

o

each age-group. If we express the general fatality rate For
"all agesg" aé "F.R.", the fatality rate within the -1 age-
group as "f_y", within the -2 age-group as "f‘g", and so

on, and express the total number of cases as "N", composed

of n_y + n_o + «-eseset Nz CASES, We DAy express the gen-

eral fatality rate thus:-
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(f_l'nal) + (f_gon_g) {..-...+(f15--n15_)

F.R. =
N

It is, of course, unnecessary, in forming *the weighted

average, to employ the actual numbers of cases in each ag

>

(4}

group. The same result wil) be achieved by employing the
percentage age-distribution of total cases. Thus "N" = 100.

In 17215-20, the age-distridbution of cases and of fatalityw
rates for Scarlet Fever were as shown in Table 51. Adding
each entry in the lowest row, we find that the sum is
241.40. Now since S(n x f) = 241.40, and N = 100,

F.Re = 2.4%.

Thus the two methods of calculating the fatality rate
for Scarlet Fever in 1916-20 gzive the same result.

In the "direct method" for calculating Standardised
Death Rates in Vital Statistices it was for many years the
custom to use, as a standard popnlation, a "standard million”
bagsed on the popnlation of England and Wales in 19201. The
local crude Aeath rates were standiardised by weightine the
local desth raies “ar gsevarate age- and sex-groups by the
nurber of persons within each corresponding grour in the
"standard millien".

By an exactly =imilar process we may standardise the
gener-1 fatality rate of a disease by weighting the fatality
rate withir esch age-sex-group by the nufber of cases within

each suck group in a standard "vopulation” of eases. TFor

oUT Mregent marnose we shall emnlov as the standard "nonnlatinnm



Table 51,

the Fatality Kate (All Ages) in Scarlet Fever, 1916-20,
Calculated from the Fatality Rates in Age-Groups.

Age-Group -1 -2 -5 =10 ~15
% Cases (n) 0.9 2.9 2042 40,0 18.4
Fatality Rate (f) 10.9 12,7 4.2 1.9 0.6

Product (n x £) 9.81 36,83 84,84 76,00 11.04

S(nxf) = 241.40
N = 100
'herefore Fatality Rate (All Ages) = 2,4

Table 52,

Calculation of the Standardised Fatality Rate.

The Fatality Rate in Scarlet Fever, 1921-25, Standardised

on the 191620 Age~-Distribution of Cases.

Age~Groups -1 -2 -5 ~10

-15

1916~20 % Cases (n) 0.9 2.9 20,2 40,0 18.4

1921-25 Fatality Rate (£f) 9,0 10.4 3.5 1.2 0

o1

Product (n x f) 8.10 30,16 70.70 48,00 12,88

S{nx f) = 194.48
N = 100
Therefore Standardised Fatality Rate = 1.9

15«
17.6
1.3

22,88

15«
17.6
1.4

24.64
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of cases, the 1916-20 case incidence, or rather the percent-
age age-distribution of 100 cases in the 1916-20 period, no
regard beinz paid to differences in sex.

In practice all we have to do is to repeat Table 51,
substituting the age-fatality rates of successi&e quinquennis,
but maintaining the 1916-20 case-distribution, and to re-
calculate each (n x f) product. In this way we obtain,for
each quinquennium, a standardised fatslity rate, which tells
us what the fatality rate in that quinquennium would have
been if the 1916-20 age-distribution of cases had been main-
tained. In Table 52, we carry out this process for Scarlet

Fever in 1921-25.

Hence we find thet S( n x f)/N = 194.48 / 100.

Therefore the standardised fatality rate is 1.9%. This
we may compare with the actual fatality rate in that quinquenn-
jum, i.e. 2.0% (from Table 36).

Repeating the process for each gquinquennium and for each
disease, we arrive at a series of stardardised fatality rates,
all based on the 1916-20 age-distrintion. 6f cases for each
disesse.

These results =re shown in Table 53, in which the actual
and the standardised fatality rates are given side by side.

It must be remembered, that the standardised fatality rate
is merely a hypothetical expression of what the actval fatality

rate would have been in any quinquennium if in that quinquenn-

ium the arce-distribution of cases. had been as in 1916-20.



Years

1916-20
1921-25
1926-50
1931-35
1936-40
1941.45

1916-20
1921-25
1926-50

1931-35
1936-40

1941-45

Table 55.

Actual Natality Rates (Quinquennial) and Natality Rates

Standardised on the 1916-20 Age-Distribution of Cases.

Scarlet Fever

Actual

2.4
2.0

1.2
1.1
0.6
0.2

Actual

4.1
5.5
2.7
2.4
1.4
0.5

Standardised

2.4
1.9
1.2
1.0
0.6
0.2

Measles
Standardised

4.1
5.2

2.8
2.6

1.5
0.6

Diphtheria
Actual Standardised

10.0 10.0
7.4 7.5
5.3 5.8
5.2 6.2
4.5 5.3
2.9 3.6

Whooping Cough

Actual

8.4
6.1
4.3
3.8
2.7
2.0

Standardised

8.4
5.1
3.7
5.7

2.9
2.2
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The strikine feature about the table is the close similarity
petween the two series of fatality rates. In Scarlet Fever
the two sets of values are practically identical. In Measles,
the actual fatality rates are only very slightly lower than
the stendardised rates, and in Whooping Cough, too, there is
little difference. In Diphtheria the differences are rather
greater but here/again it is obvious that the altered age-
distributions have not played a major part in bringing about
the fall in fatality rate.

We seem justified in concluding, therefore, that variations
in the age - of attack in each of the diseasesduring these
thirty years have had almost negligible effect upon the frend
of reduction in fatlity rates. | |

When we seek to explain the marked reduction iﬁ fatality
rates that has taken place during these years, we must look

for causes other than variation in the age- of attack.



CHAPTER 3

The Association between Social Envirenment and

Morbidity, Mertality, and Fatality.
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Section 1.
Morbidity, Nortality and Fatality Rates Correlated with

Overcrowding and Birth Rates.

In Chapter 1, refererce was made to the influence of socisl
factors upon the incidence of cases and deaths. In this chapter
we shall investigate further this aspect of infecticus disease.
We shall not, for the present, concern ourselves further
with age-distributions, but shall consider only the total
morbidity, mortality and fatality rates of each of the four
diseases Within the different social environments that are
found in the city. Our criterion of social conditions will
be the degree of overcrowding existing in the varioﬁs wards of
the city at the 1921 Census.

In the first vlace, ve shall investigate the extent of
general correlstion existing between case, death and fatality-
ratés and overcrowding over the middle portion of the thirty
years & 1916-1945. Since the experience of single wards
cannot be presumed to be constant over short periods. of only
one or two years, we shall consider the aggregate of cases
and deaths over a fifteen year period, centred, for greater
aceuracy of population and overcrowding data,upon the Census
year, ' 1931. The fifteen year period therefore is from
1924 to 1932 inclusive.

To correlate  +he ward disease-experience vith ward over-

crewding we shall calculate coefficients of correlation, employ-
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ing the producl-moment method, the basis of calculation

being the formula:-

f-xy = _ S o‘( xzo')
Xy

where rxy is the coefficent of correlation between x and y,
n is the number of variables (namely 37, the number of wards
in 1931), x is the morbidity, mortality, or fatality rate
within each ward measured from the mean of “'all the wards,
y is the degree of overcrowding in each ward, measured from
the mean ~ -~ of all wards, and 6& and d& are the standard
deviations of x and y.

Before we can calculate” these coefficents of correlation,
a considerable amount of preliminary work must be done.

The standard of overcrowding in each ward will be taken
asig?%ercentage of the population in the ward living more
than 2 persons per room at the 1931 Census.

The total vpopulation of each ward will he taken as that
of the 1931 Census. Serutiny of the ward population esti-
mates for each.of the 15 years with which we =are concerned
shows that very little error will be introduced by taking
the Census ward vopulztion as a meaéure of the average ward
‘population ower the 15 years. In some wards the population
remained vractically eonstant throughout the period, and in
those others in which an increase or a decrease took place

the 1921 figures usually occuvy a central position.

A minor snag arose @ue to the introduction of a %8th Ward
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in 1932, T™his djf?iculﬁyhas been overcome hy amalearating
the data for the new ward with that of Ward 25, from which
the new ward rad been split off. Accordingly we have treasted
Wards 25 and 27 as one ward.

The estimation of the child population in ernch ward for
1931 presented certain difficulties. Nevertheless, a reason-
ably accurate assessment of the number of children in each
ward wes necesséry<in order to calculate incidence rates
based on that vart of the population that was chiefly at risk.
The published Census data do not include age-distriuwtions
for the population of individual Wards; This information
was formerly contained in special census reports by the
Medical Off¥er of Heelth, but the last of these reports was
published in 1911% this naturally is quite useless for the
present purvose. The information is not available in the
official records of the Publiec Health Department; some
unoffical estimates that were examired proved to be too in-
accurate for anv use to be made of the.

Clearly if.these ward child populations for 1931 were to
be obtained, Some indirect form of estirmation would have to
be devised.

A well established method of estimating c¢hild populations
based??he numbers of births and dsaths, is,very briefly, to
£0 back a selected number of years, subtract from the arnval

births the number of deaths occurrins ih-the -1 year sge-group, .

carry the difference forward, and subtract the deaths at later
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ageo ir each succecding yesr, always introducing the fresh
annual birthss * . This procedure, tedious even for the
estimation of one population, would be a task of great
magnitude when 27 populations are required. It is, more~
over, impractical in the present instance due to the absence
of svailable déta concerning deaths in individual wards at
ages after the first year of life.

Retaining the geheral principle of the method, I have
simplified it very considerably, such loss in accuracy that
has occurred being more than compenséted for by the resulting
straight-forwardness of calculation. |

My procedure has been to sum the annual births for each
individual ward for the 5 years 1927-31. From this sum I
have subtracted one and a half times the sum of the infant
deaths, (i.e. deaths under the age of 1 year). The net
result is the estimated total child population uvnd:«r the
age of 5 years for each ward for the year 1931. The sub-
traction of one and a half times the sum of the infant deaths
requires s wofd of explanation. Obvioﬁsly at least the
actual number of infant deaths must be subtracted. Now
child deaths at ages 2, 3, and 4 are very much fewer in number
and the total of deaths at these ages is rather less than
50% of the deaths in the first year of life. For ease of
calculation I have assumed it to be actually 50%.

The method makes allowance for & smaller rortality in

gcod wards than in bad at each age cf childhood by assuming
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that in ezch yesr of life after the first, the child deaths
in the different wards are proportional to the infant mort-
ality of the different wards.

Although by the method employed, a wider age— range of
child population could have been estimatggihggt%gggiggstricted
to that of the "under 5 years™ population. For later
ages the influence of migration and of other factors might
be expected seriously to interfere with the validity of the
estimations.

As an exarple of how the calculations of the "under 5 years"
populntion were carried out, Table 54 illustrates the cal-
culstion for Werd 1 in 1931. From this we estimate the
"under 5" child vpopulation of the ward to be 3,623.

The same process is repeated for each of the bther wards.
In Séction 2 of this chapter the same method will be employed
to estimate child population in the wards for the vears
1925 and 1941.

While a very high degree of accuracy cannot be elaimed
for the results of what is admittedly an over-simplified
procedure the gross error is not great. The 1931 Census
estimate of the total "under 5" population for the whole
city was 98,977. Summing the calculated estimates of the
27 individual wards the total is 97,768. The gross error
is therefore only in the region of l%. It is probable there-

fore that the methed gives a reasonably accurate basis for



Table 54,

Calculation of the "Under 5 years" Child Popul#tion in

Ward 1 for the year 1931,

Years Number of Births Number of Infant Deaths
- 1927 759 96
1928 869 . 86
1929 | 829 89
1930 859 75
1931 96T .
Total ' 4283' 433
Total Births . } 4283
Less Total Infant Deaths 433
3850
Less 50% of Total Infant Deaths 217
3633

Therefore "Under 5 years" Child Population = 3633,



90
cornarisor of the child ﬁopﬁlations for the individusl
wards. In the complete absence of more reliaﬁle dotea it
will have to serve. Moreover, as the ratio of '"children
under 85" to "children vnder 10" or "children under 15" does
not presumabiy differ‘greatiy in tne different wards, tne
"under 5" popuLatlon estimates give® a comparatlve 1ncex
of ward chiid populations wWitrin any oI tne cunildnood sge-
Zroups.

riie votal and "under 5 " populations for each ward will
pe found in ‘l'able 55.

An annusl record is maintained in the Public Health
Department of the numher of cases and of deaths from each
of the infectious diseases. in each of the wards of the city.
This data was abstracted for the four diseases we are investi-
gating, for each of the fifteen years, 1924-38, =snd the 15-
year aggregates were obtained (see Table 56).

The ward aggregates,were théréupon reduced to four aver-
age annual rates, viz.

a) Case rates, i. per thousand of total ward population

(all ages).
ii. per thousand of ward child population

under the age of 5 years.
b) Death rates i. per 100,000 of the total ward population

(all ages).
ji. per 10,000 of ward child population
under the age of 5 years.
Average fatality rates for each disease in each ward were
obtained by expressing the 1l5-year aggregate of deaths as a

percentage of the 15-year aggregate of cases.



Table 55,

Miscellaneous ward bata, 1931,

Ward Total -5 Child % Child Birth % 2+ Room
No. Population Population Population Rate Overcrowding Density
1 39869 3633 9.1 23 47 1,8
2 39418 4038 10,2 24 56 2,1
3 35824 4499 12,6 28 69 2.5
4 34389 3725 10.8 27 58 2,0
5 21430 2807 13.1 30 67 2.4
6 22439 2291 10,2 24 52 2.0
7 25560 1618 6.3 17 24 1.3
8 41788 4135 9.9 26 46 1.8
9 22512 2002 8.9 22 48 1.9
10 25547 2028 7.9 22 45 1.8
1 27376 2367 8.6 23 44 1.8
12 16523 1593 9.6 26 50 1.9
13 13705 978 7.1 19 37 1.4
14 26909 2678 10.0 25 52 1.9
15 20232 1739 8.6 21 37 1.4
16 20727 952 4.6 9 n 0.9
17 35723 4263 11.9 229 59 2.1
18 33072 3504 10.6 25 49 1.8
19 41243 3414 8.3 23 45 1.9
20 21029 1777 8.5 20 35 1.4
21 25524 2397 9.4 23 46 1.8
22 23348 818 3.5 7 2 0.7
23 28541 2297 8.0 19 39 1.4
24 23730 2174 9.2 20 37 1.4
25 56430 4071 7.2 18 23 1.2
26 38851 4483 11.5 28 64 2.3
27 46831 5039 10,8 26 53 1.9
28 30336 3422 11.3 27 53 1.9
29 35763 3756 10.5 25 51 1.8
30 35969 3909 10.9 26 59 2.0
31 32188 2773 8.6 20 44 1.8
32 28842 1472 5.1 10 7 0.8
¥ 19007 931 4.9 10 8 1.0
34 2117 1511 7.1 16 34 1.3
35 32514 2570 7.9 17 32 1.6
36 17980 862 4.8 9 7 1.0
37 26121 1242 4.8 12 9 0.9

Total 1088461 97768



Table 56,

Aggregates of Cases and Deaths in Wards for the Fifteen-Year
Period, 1924-38,

¥ard Scarlet Fever Diphtheria Measles %hooping Cough

Cases Deaths Cases Deaths Cases Deaths Cases Deaths

1 3021 30 1285 67 5823 131 3778 173
2 2877 36 1304 64 6064 144 4204 183
3 2518 48 1183 83 6424 223 4653 268
4 1823 17 1161 68 5624 216 3564 230
5 1567 26 817 59 4515 135 3187 1%
6 1444 18 956 46 3308 93 2255 150
7 1637 22 757 30 2800 26 1951 52
8 2750 36 1345 53 5791 142 4421 207
9 1650 22 694 41 2823 37 2006 5
10 1522 19 681 41 3717 45 2297 65
1 1748 12 929 46 2615 104 2009 100
12 989 12 525 35 2352 70 1567 97
13 649 10 361 15 1503 42 1138 65
1 1782 24 943 58 5372 147 3907 144
15 1357 8 594 42 2328 88 1815 94
16 894 12 369 18 1275 19 853 16
17 2242 34 1083 67 6339 220 4533 226
18 2079 30 950 50 4858 127 3655 172
19 3381 37 1476 65 6792 110 4225 115
20 1477 14 541 34 2407 38 1626 63
21 2027 21 875 30 4052 51 2461 73
22 1034 9 356 13 1081 4 531 5
23 1573 21 901 43 3740 99 2781 112
24 1872 21 890 50 3070 57 2082 66
25 4036 46 1708 76 T171 61 4307 71
26 2875 32 1062 79 6835 248 4723 233
27 2903 35 1381 97 7686 353 5854 287
28 1741 24 1058 67 4413 189 3177 193
29 2536 30 1362 64 52535 158 3900 185
30 2435 29 1338 81 6108 222 4608 206
31 2403 22 1162 65 4558 66 2962 94
32 1935 18 589 21 2781 20 1711 27
33 1069 6 300 11 1686 5 1003 15
34 1569 10 670 28 2718 33 1740 40
35 2602 20 766 47 3787 38 2408 56
36 1096 6 278 13 1870 5 1074 5
37 1729 15 456 22 2583 9 1706 16

-



Table 57,

Annual Average Yard Case, Death, and KFatality Rates, 1924-38,
(Case Rates per 1,000 Total Population and per 1,000 Child
Population., Death Rates per 100,000 Total Population and
per 10,000 Child Population., Fatality Rates= All Ages),

Scarlet Fever.

Ward Case Rates Death Rates Fatality Rates
(Total  (Child (Total (Child
Pop.) Pop.) Pop.) Pop.)

1 5. 56 5.0 5.4 1.0

2 4.9 48 6.1 6.0 1.3

3 4.7 37 8.9 7.1 1.9

4 345 32 3¢3 3.1 0.9

5 449 37 8.1 6.0 1.7

6 4.3 42 5.3 5.2 1.2

7 4.3 68 5.7 9.0 1.3

8 4.4 44 547 6.0 1.3

9 4.9 55 645 7.3 1.3
10 4.0 51 540 6.3 1.2
11 4.3 50 2.9 3.4 0.7
12 4.0 42 4.8 5.0 1.2
13 3.2 45 4.9 6.9 1.5
14 4.4 44 549 5.9 1.3
15 4.5 52 2.6 3.0 0.6
16 2.9 63 3.9 8.5 1.3
17 4.2 35 6.3 5.3 1.5
18 4.2 40 6.0 5.7 1.4
19 5.5 66 6.0 7.2 1.1
20 4.7 55 4.4 5.2 1.0
21 5,3 56 5.5 5.9 1.0
22 3,0 86 2.6 7.4 0.9
23 3.7 46 4.9 6.1 1.3
24 5.3 58 549 6.4 1.1
25 4.8 67 5.4 Te5 l.1
26 4.9 43 545 4.8 1.1
27 4. 38 5.0 4.6 1.2
28 3.8 34 5.3 4.7 1.4
29 4.7 45 5.6 5¢3 1.2
30 4.5 41 5.4 5.0 1.2
31 5.0 58 4.6 53 0.9
32 4.5 88 4.2 8,2 0.9
33 3.7 76 2,1 4.3 0.6
34 4.9 69 3.1 4.4 0.6
35 5.3 67 4.1 5.2 0.8
36 4.1 85 2.2 4.6 0.5
37 4.4 92 3.8 T.9 0.9



Table 57 (continued),

Diphtheria

Ward Case Rates Death Rates Fatality Rates
(Total (Child (Total (Child
POP.) POp.) Pop.) Pop.)
1 2.1 23 1 12 5,2
2 2,2 22 11 11 4.9
3 2.2 17 15 12 7.0
4 2.3 21 13 12 5.9
5 2.5 19 18 14 7.2
6 2.8 27 14 14 4.8
7 2.0 32 8 13 4,0
8 2,1 21 9 9 3.9
9 2.1 24 12 13 5.9
10 1.8 23 11 14 6.0
11 2.3 27 11 13 5,0
12 2.1 22 14 15 6.7
14 2.3 23 14 14 6.2
15 2.0 23 14 16 7.1
16 1.2 26 6 13 4.9
17 2.0 17 13 11 6.2
18 1.9 18 10 9 5.3
19 2.4 29 11 13 4.4
20 1.7 20 1 13 643
21 2.3 24 8 9 3.4
22 1.0 29 4 1 3.7
23 2.1 26 10 13 4.8
24 2.5 27 14 15 546
25 2.0 28 9 13 444
26 1.8. 16 14 R 12 704
27 2.0 19 14 13 7.0
28 2.3 20 15 13 6.3
30 2.5 23 15 14 6.1
6
32 1.4 27 5 10 3.6
33 1.1 22 4 8 5';
31 2.1 30 9 13 4.

35 1.6 20 10 13 6.1
21 5 10 4.7
;?, i:g é 12 4.8

25



Table 57 (continued),

Measles
Ward Case Rates Death Rates Fatality Rates
(Total (Chila {Total {Chila
Pop.) Pop.) Pop.) Pop.)

1 9.7 107 22 24 2.2

2 10.3 101 24 24 2.4

3 12,0 95 42 33 345

4 10.9 101 42 39 3.8

5 14.0 107 42 32 3.0

6 9.8 96 28 27 2.8

7 Te3 116 7 11 0.9

8 9.2 93 23 23 2,5

9 8.4 94 11 12 1.3
10 9.7 123 12 15 1.2
11 6.4 74 25 29 4.0
12 9.5 99 28 29 3.0
13 T.3 103 20 28 2,8
14 13.3 133 36 36 2.7
15 T.7 90 29 34 3.8
16 4.1 89 6 13 1.5
17 11.8 99 41 34 3.5
13 9.8 92 26 25 246
19 11.0 113 18 22 1.6
20 T.6 - 89 12 14 1.6
21 10.6 113 13 14 1.3
22 3.1 89 1 3 0.4
23 8.7 109 23 29 2.7
24 8.6 93 16 17 1.9
25 845 118 T 10 0.9
26 11.7 102 43 37 3.6
27 10.9 101 50 46 4.6
28 9.7 86 42 37 4.3
29 9.8 93 30 29 3.0
30 11.3 104 41 38 3.6
31 9.4 109 14 16 1.4
32 6.4 125 5 10 0.7
33 5.9 120 -2 4 0.3
34 8.6 121 10 14 1.2
35 7.8 99 8 10 1.0
36 6.9 144 2 4 0.3
37 6.6 137 2 4 0.3
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Table 57 (continued),

Whooping Cough

Case Rates

{Total
Pop.)

6.3
7.1
8.7
6.9
9.9
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{Chilad
Pop.)

69
70
69
64
76

66
81
T2
66
76

57
66
17
97
70

59
T
70
82
61

68
43
81
63
T

T0
7
62
70
78

1
78
71
17
62

83
92

Death Rates

(Total
Pop.)

29
31
50
45
61

45
14
33
22

17

24
39
32
36
31

5
42
35
19
20

19
1
26
19
8

40
41
42
35
38

20
6
5

13

12
2
4

(Child
POP-)

32
30
)
42
47

44
22

33
25
22

28
41
45
36
36

11
35
33
23
24

20

b)
33
21
11

35
38
37
33
35
23
12
10
18
15

4
8

Fatality Rates
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For each of the four disenses we now have, for each of
the 37-wards, two case rates, two death rates, and one
fatality rate. These rates are given in Table 57.

Each of these series of rates has now to be correlated
with the overcrowding index for the wards (See Table 55);

20 coefficients of correlation have therefore now to be
calculated.

In actual practice the general formula given above for
the calculation of r, the coefficient of correlation,is not
used since.it would be ihexpedient to have to calculate the
deviation from the true mean of each of the 37 variables.

The arithmetiec is facilitated by the adoption of a "working
mean'" which can most conveniently be given the value of zero.
x and y, the deviations from the means, now become the actual

values of each variable. Hence the formula for r now bhecomes

3(xy) -X3

n
il = 5 2 5 P
/ 5x7 - (%) /sz - (7)°
n n

where x and y are the actual values, x indicating the ward
rates and y the ward overcrowding index; X and ¥ are the
" means of the 37 x's and y's respectively.

The working procedure will now be described. Each of
the 20 columns of ward rates (x) and the one column of ward
overcrowding indices (y) was surmed. The sum in each case

was divided by 37 to give the means of x and y, i.e. X and y.
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Fach iter in eazh of the 21 columns was now saared

°

(erploying Barlow's Tables): The souares were surred and

divided by 27 to rive Sxp, and S 2.
n n

From the "mean of the snuares”" we subtract the "sausre
of the mean" to get the variance, d% and 63. The sauare

root of the variance, i.e. ¢, is the Standard Deviation.

i.e- JX - Sx - (X)Z
n

snd &, = Sy~ P

' v - = - (¥

Each variable in the x-column was now multiplied by the
corresponding variable in the y-column, and the sum of these
37 products was divided by 27 to get the "mean prodﬁct".

The "mean product” minﬁs the "product of the means" is the
gsame as the mean of the products of the deviations of x and
y from their true means.

We now have al)l the values needed for substition in the
workingvformula ahove to arrive at the 20 coefficientd of
correlation hetween the ward rates and overcrowding. While
it would of course have heen perfectly practicahle to have
worked out each coefficient independently from beginning to
end, in actual practice the process was carried through con-
currently for the 20 correlations. The full set of means
of x, xg, xy, y, and y2 for the 20 correlations are set out
in Table 58. By emploving a tabular rethod for the substit-
ution of the necessary values from this table in the formula

for r and again carrying out the substitution concurrently



Table 58,

Coefficients of Correlation, 1924-38,

Means of Variables, Squares of Variables, and Products.

Scarlet Fever

Cases (Total Pop.)
- (Child Pop.)

Deaths (Total Pop.)
= (Child Pop.)

Fatality Rates

Diphtheria

Cases (Total Pop.)
(Child Pop.)

Deaths (Total Pop.)
(Child Pop.)

Fatality Rates

Measles

Cases (Total Pop.)
(Child Pop.)

Deaths (Total Pop.)
(Child Pop.)

Fatg%ity Rates

Whooping Cough

Cases (Total Pop.)
(Child Pop.)

Deaths (Total Pop.)
' (Child Pop.)

Fatality Rates

Overcrowding (% 2+)

Sx/n
4.4027
54.3514

4.9324
5.8135

1.1189

1.9892
23.4595

10,8378
12,3243

543297

9.0351
105.3243

21,7027
22,3243

2.2216

642054
T1.2433

25.9730
27.1621

58405

Sy/n
40,5135

Sx2/n

19,7786
3211.6760

26,4673
35.8121

1.3443

4,1562
565 .4055

129.5405
155.7296

29,6616

86,9892
11339.0553

672.4595
631.2426

6.4476

41,7400
5168.3789

898,7838
879.7559

17.6354

1959.,7027

Sxy/n
182,1135
1945.2164

217.5%568
226.0836

48.4270

86.9108
915,0812

493,0811
508,1617

228,4000

401,9865
4170,6221

1096 ,5405
1072,2151

107.0054

280.32T0
2891.7030

1293.8919
1282.5933

180.8838
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for ihe lwenty correlations, errors in substitution and in
arithmetic were rendered less likely and the ﬁ%ole proce s
rerdered less taxine than if tre 20 correlations ha? he§%alw
cul=ted individually Trom beginning to end.

It is unnecessary to show the full working for all twenty
correlations, but, as an example, Table 59 shbws the ealcul-
ation of the coefficient of correlation between ward over-
crowding and ward cases bf Scarlet Fever.per.thousand total
“ward population. The other 19 calculations were made in
the same way.
| " The values of the full series of coefficientslare set
-out in Table 6o0.

The significance of r may be most conveniently tested
by Fisher'st "t" method, by which we find that for 37 variables
s significant value of r is 0.3250, (Chambers, 1946, page 51).
When the calculated value of r is as big or bigger than this,
then for P = 0.05, it indicates a real correlation between

the two series of variables.

Considering the results presented in Table 60, between
the Scarlet Fever case rates per thousand total population
and ward overcrowding the correlation is just signifioant;
In the other disesses the corresponding correlation is high.
The correlation between death rates based on total population

and overcrowding is high in each disease, though lower



Table 59,

Calculation of Coefficient of Correlation. Wofked Example.,
Scarlet Fever Cases per 1,000 Total Population = x,

Percentage of Population living more than 2 persons per rocm = Y.

x = 4.4027 y - 40,5135
sx2/n - 19.7786 Sxy/n = 182,1135
-2 - =
X bd 1202828 Xy - 1!8.2638
o2 = 10,3948 Numerator = 3.7447
] -
x 0.6283 < = 17.8426
T = Numerator
Xy I
S, a;.
= 3,7447
0.6283 x 17.8426
- +0.3341
T&ble 60.

Coefficients of Correlation. Ward Rates and Overcrowding,

(Total Population) (Child Population) Fatality Rate

Cases Deaths Cases Deaths
Scarlet Fever +0,3341 +0,6794 0.8966 -0,3728 +0,5709
Diphtheria  +0,7933 +0,.8707 =0.5105 (+V,2534) +0.6239
Measles +0.8704 +0.8580 ~0.3447  +0.8158 +0.7749
¥hooping +0.9016 +0.9045 (+0.0313)  +0.8568 +0.8344

Cough

Criterion of Significance: For P = 0,05 a significant value
of r is 0.3250,

"Not significant" values of r are enclosed in brackets.
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W

in Scarlet Tever than in the other diseanses. Similarly,
the correlation between the Scarlet Fever fatality rate and
overcrovding, though'fairly high, is lower than in the other
three diseases.

When we turn to the correlations between overcrowding
and the case and d:ath rates based on child population, the
pieture is considerably changed, The Scarlet Fever case
rates now show a high degree of negative correlation with
overcrowding. In Diphtheria the corresponding correlation
is negative and moderately highy in Measles, it is negative
and barely significant; and in Whooping Cough, it is weakly
positive and quite insignificant. On the other handy with
. death rates, the Scaned Fever coefficient, while negative,
'is barely significant; the Diphtheria coefficient is positive
and not significant; the Measles and Whooping Cough coeffic-
ients remain positive and very high.

To generalise, therefore, we may =gay that Scariét Fever
is exceptional in shoWing bnly a low positive correlation
between overcrowding and case rates based on total population.,
and a very high negative correlation when the case rates are
based-on child population. For all four diseases ‘the correl-
ations between overcrowding and death rates based on total
vopulution and between overcrowding and fatality rates are in-
variably high. When the death rates are based on child popu-

lation, the correlation remains high in Measles and “hooping

Cough.
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Evidently the introduction of the child population as

a basis for the ward rates considerably alters the value
and sometimes the sign of the coefficients. The reason

for this becomes =pparent if we consider the relationship
between ward rates based on total and child population.

If the proportion of children within a ward is high, the
effect of basing the rate on the child population is to
reduce very considerably the numerical value of the rate.
Now, in 19Z1, the proportion of children was highest in
those wards in which overcrowding was greatest, (the coe-~
fficient of correlation vetween ward oVerorowdimg and per-
certege of children in ward populations will be seen lster,
in Table 64, to be practically+l) Therefore when we base
the rates for cases and deaths on the child population, —
which is equivalent to dividing the rates based on total
population by 1/100. of the percentage of children in each
ward — we are reducing the rates in the overcrowded wards
very much more than in the less overcrowded wards, in which
the divisor,i/loo of the percentage of children, is very moch
smaller. Hence a correlation which is in the neighbourhood
of zero when the rate is based on total vpopulation, e.g. th§
Scarlet Fever case-rate, will become strongly negative when
the rate is based on child population. Similarly a high
positive correlation, such as with the Whooping Cough case-

rate, may be reduced to a near-zero correlation. If, how-

ever, 88 in the case of the Measles and Whooping Cough death
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rates, these rates are many times higher in the most over-
crowded than in the least over-crowded wards, the effect
of intrcducing the child populstion as a base ig insuffio-
ient to reduce the high positive correlation to a level
approaching zero such as has happened with Diphtheria.

It may be of interest, before proceeding further, to
re-produce a table by Woods (1933) showing, for various
periods of time, her coefficients of correlation for Scarlet
Fever, i) between attack rates and overcrowding in Tondon
and Glasgow at ages 0-15 and at all ages, and ii) between
fatality rates and overcrowding in Glasgoﬁ at all ages.
These are shown in Table 61. To Woods'results has been
added one extra line showing the relevant coefficients given
in Table 60 for the period 1924-38.

These coefficients suggest an apparent difference in the
behgviour of Scarlet Fever between the two cities. In
London, tne attack rate based on child population shows a
near-zero correlation with overcrowding, while in Glasgow,
the corresponding correlation is, as we have see, strongly
negative. In both cities. there is a high degree of associ-
ation between fatality rate and overcrowding.

In the meantime. we shall be content merely to point this
apparently anomalous behaviour of Searlet Fever in Glasgow,
leaving further discussion to a later stage. It wiil be

remembered that in the last chapter., we saw that the age-shift

of Scarlet Fever cases in Glasgow was different from that



Table 61,

Coefficients of Correlation, for London and Glasgow, between
Scarlet Fever Attack Rate and Fatality Rate and Overcrowding.

(Boefficients in brackets are "not significant")

Years Attack Rate Fatality Rate
(Age 0-15) (411 Ages)
London
1901-10 (+0.135) " 4U.g53
1911-14 -0.355 (+0.040)
1919-23 (~0.064) #0,450
1923-26 +0.562
Glasgow
1899-1902 -0.860 ~0,483 +0.586
1903-08 -0.861 (-0.172) +0.789
1909-13 ~0.647 (+0.251) +0.727 -
1921-25 -0.721 (+0.168) +0.619
1924-38 -0.897% +0.334 | +0.571
(% = Age 0-5)
Table 62,

Coefficients of Correlation between Yortality and Overcrowding,
(London and Glasgow), Social Index (London), and Childrenm per

Family(London).
Diphtheria Measles Whooping Cough
Overcrowding (Glasgow), 1924-38 +0,.8T1 +0.858 +0,.905
Overcrowding (London), 1929-33 +0.490 +0.865 +0.515
" " 1924-38  +0.503 +0.838  +0.729
Social Index (London) 1929-33  +0.487 +0.434  (+0.280)

Children per Family 1929-33  +0.476 (+0.173) (+0.126)
(London)
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of the other diseases, and different apparently from the
age-shift ot Scarlet Fever cases in london, (Woods 1933).

Wright and Wright, (1942), calculated coefficients of
correlation between "Substandsrd Housing" (assessed on the
percentage of overcrowding) and the mortality of Diphtheris,
Measles, and Whooping Cough st ages 0-4 for the London
Boroughs, for the periods 1929-33 and 1924-38. In edditionm,
they correlsted the mortality rates with a "Social index" for
1931 and with "Number of Children per Family".

In Table 62, are shown the Wrights' coefficients together
with, for comparnison, the corresponding coefficients for
Glasgow from Table 60. It should be noted that the Glasgow
and London death rates are not strictly comparable; the
London deaths are those at ages 0-4 years, while in Glasgow
they are for all ages. In Measles and Whooping Cough, how-
ever, practically all the deaths occur in the 0-4 age-group,
so that the difference in method is of negligible importance.
In Diphtheria, where only some 60% of the deaths occur in
the 0-4 age-group, the difference in method is obviously
‘important, and the two series of coefficients cannot justi-
fiably be cocmpared. It is apparent, however, that the corre-
lations of mortality with overcrowding in Glasgow are broadly
similar to those of London for the three diseases.

With regard to morbidity, i.e. case-rates, Wright and

Wright give a coefficient of correlation with overcrowding
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only for Diphtheria. The value of their coefficient was
$0.893, which is similar to our Glasgow value of $0.793.

With Diphtheria fatality rates, however, they found a
negative correlation, the value of the coefficient being
-0.467. This they suggested, was due to a higher immunity
among the badly housed due to more frequent exposure. The
corresponding Glasgow coefficient, as we saw, has a vslue

of +0.624.

Correl=tions with Family Size;

In forming an index of family size, Wright and Wright.
went to the 1931 Census and enumerated, for each Borough,

" the children in families of more than four members. Cheese-
man,Martin & Russell took birth rates in the Boroughs as an

index of family size. While neither methecd can do more than
give approximate values, the latter is simpler and more straight-
forward. Another approximate method would be to consider

the percentage of the total pepulation that the child popu-
‘lation constitutes within each area.

In calculating the correlations between the ward case and
death r«tes and familv size, any of the above methods for
obtaining an index of family size might have been employed.
I have used the word birth ratee. Though the birth rates
in individusl waerds remsin °~ fairly steady from vear to
year; it was considered advisable in preference to using
the birth rates of only 1931 to take the average of the birth

rates of the three years, 1930, 1931, and 1932, (see Table
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55)

The method of vorking was the same as for the correlations
with overcrowding; correlations with case and death rates
based on child populations were however not conside%ed likely
to yield profitable results and these correlations Were not
therefore repeated; ward case and desth rates based only
on total popu’ations were employed.

The resulting coefficients are set out in Table 63.

When we compare these coefficients with the correspond-
ing ones for correlation witf?@%bwding (Table 60), we find

that a very high degree of similarity exists between the two
series.

There are several additional coefficients that have been
ealeculated and it will be convenient st this stage to give
the results in tabular form, Table 64.

By "Room Density" in Table 64, is meant the average number
of persons per room in each ward at the 1931 ACensus. As
would be expected there is a very high degree of correlation
between the percentage child population and the birth rate
(the latter having been used to calculate the former), and
similarly a very high degree of correlation between overcrowd-
ing and room demsify. It is interesting to find, however,
an equally high degree of correlation between birth rate
and overcrowding. Naturally some evidence of an assoc-
ijation between the two might be expected since the overcrowd-

ing is at least partly due to large families, but the actval



Table 63,

Coefficients of Correlation between Ward Rates (Based on

Total Population) and Birth Rate.

Cases Deaths Fatality Rate
Scarlet Fever +0.3258 +0.6685 +0,5647
Diphtheria +0.7871 +0,8570 +0.6053
Measles +0.8639 +0.8645 +0.7925
#hooping Cough +0.,9038 +0.9058 +0.8446
(Significant Value of r = 0,3250)
Table 64,
Miscellaneous Coefficients of Correlation.
Ward Variables Coefficients of Correlation

(1) (2)
% Child Population Overcrowding (2+)
Birth Rate Overcrowding (2+)
% Child Population Birth Rate

Overcrowding (2+) Room Density

+0.9656
+0.9714
+0.9683

+0.9740

(Significant Value of r = 0,3250,)
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size of the coefficient of correlation is surprisingly

great.

Coefficients of Partisl Correlation.

It had been hoped that, by calculating coefficients
of partial correlation between ward case and desth rates,
ward overcrowding, and ward birth rates it might be possible
to determine which of these two latter variables was more
strongly correlated with ward rates. -

The calculzation of the coefficients of partial correl=tion
was carried out in a straightforward manner by means of the
formula,

rxy -r

Ja-rZ ) (1-r®

xzTyz

rxy,-z

yz)
where x represents the ward case or death rates, y represents
ward overcrowding, and z represents ward 5irth rates.

The results of the two serigs of caleculations for Txy.z
and for rxz.y are shown in Table 65.

" It will be at once seen that none of these coefficients
is significant and that all of them have values very close
to zero. Results such as this are not unexpected in view
bof the very high degree of correlation that we have seen
to exist between y and z, i.e. between ward overcrowding and
ward birth rates. |

It may be of interest to examine for a moment the correl-

ation that exists between threse variables when the coefficient



Scarlet Pever
Diphtheria
Neaslea

Whooping Cough

' Scarlet Fever
Diphtheria
NMeasles

Whooping Cough

Table 65,

Coetficients of Partial Correlation,

Correlation between Ward Rates and Overcrowding,

Excluding Birth Rate,

Cases Deaths Fatality Rate
(#0.0784)  (+0.1699) (+0.1143)
(+0.1960) (+0.3123) - (+0.1899)
(¥0.2609) (+0.i526) (+0.0352)
(+0.0354)  (+0.2445) (+0.1101)

Correlation between Ward Rates and Birth Rate,

Excluding Overcrowding.

Cases. Fatality Rate

Deaths
(+0.0058)  (+0.0488) (+0.0518)
(+0.1141)  (+0.0959) (=0.0043)
(+0.1574)  (+0.2541) (+0.2653)
(+0.2726)  (+0.2685) (+0.2605)

Significant value of r = 0.3250.

None of the dbove'coefficients is "signifiqant".



101
of correlation between two of the variasbles has’a value of
1.

Let us consider three variables, X, Y, and 2, and let the
simultaneous regression of X bn Y and 7 be represented by
the equation
| X = ay ¢ bz
where x, vy and z are the measures from the means of X, Y and
Z; and where a and b are the coefficients of partial dorrel-

ation; i.e.

& = Tyy,p and b = rxz;y
Also let ry, = l.

The coefficients a and b are determinabls by the method of

least squares from the equations

S(Xy) :as (yz) +bs(yZ) oo e s eescrss vt v st (l}
S (XZ) BaS (yZ) +bS (Zz) oooo-o-ooo-o000000000‘27:
These two equations may be alternatively expressed

2 ..0."0‘0‘...-.'.'...5
rxydkd& = a6 v +D ryZG&G; (3)

rxzdx(z=85y62ryz*b622 O"‘..'..‘."‘..'...’(4)
On dividing though, in equation (3) by 6&,and in equation (4)
by 6,,we get

- ® 8 06 8 00 00 080 008 000 5
Ty Og =8 0y ¥ b g, (5)

er 6]{ x 8 6'y ryz *V b6z oaoeooo-oooocoon(e)

But ryz - 1l
Therefore the right hand side of equation (5) is the same
as the right hand of equation (6).

Therefxﬂarxy =Ty, and the two coefficients a and b cannot
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pe senarately determined.

If we now attempt to eveluste rxy.z from the formulsa

rXV - rXZ ryz

'J (I-r“XZT"T'l-rﬁyZ)

when r__ = :nd. therefor - '
vz 1, and therefore rxy = Txz )

the right hand side of tne formula. reduces to Q.

Txy.z =

which cannot be evaluated.

Returning now to the coefficients of correlstion snd of
partial correlation between case and death rates, overcrowd-
ing,and birth rates, it is clear that the very high degree
of correlsztion between the second and third explains the
close similarity in the coefficients of correlation between
the first and second and between the first and third. Nore-
over while it has been possible arithmetically, since the
correlation between the second and third is not quite ¢1, to
calculate coefficients of partial correlstion, these coeffic-
ients do not merely approach zero and fail to satisfy the
test for statistical significance but are probably entirely
meaningless.

In Glasgow, therefore since ward overcrowding and family
size as measured by ward birth rates run so closely in para-
llel, it is impossible here to determine statistically whether
one of these two factors exetts a greater influence upon case
and death rates than does the other.

Moreover, since the coefficient of correlation between

birth rates and percentage child populations is also practically
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¢1 the use of the latter as a measure of family size could
not be exvected to yield results in any way different or more

profitable than those that have been obtained.
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Section 2

Changes in Correlation between Morbidity, Mortality and

Fatality Rates and Room Density,

It has been seen that in proportion to the number of
children in the wards of the city, the Scarlet Fever sttack
rate is apparently highest in those wards in which there is
least overcrowding. Further, this high negative correlation,
as we see from Table él, has been maintained at a fairly
constant level during seversl periods of time from 1899-1902
to 1924-38.

Brownlee, naturally, has observed this feature of Scarlet
Yever and has given two interesting tables relating to
Scarlet Fever in Glasgow 1898-1902. He divided the city
intofive groups with respect to room density, i.e. the averace
number of persons per room. Room density is, as we have
seen from Table 64, very closely correlated with the ver-
centage of the rovrulation living more than 2 persons per
room, and for practical purposes may be regarded as an equ-
ally reliable index of overcrowding. Brownlee's two tables,
the one relating to attack rates and the other to fatality
rates, have been condensed into one table and reproduced
asITable 66. Brownlee's figures have been quoted by Woods
(19%23), and it is from her work instead of the original that
I have taken them.

It is obvious that, from Table 66, the attack rate of

Scarlet Fever is strongly correlated in a negative direction



‘'able 66,

scarlet rever in Glasgow, 1898-1902, 'he Attack Rate per 10,000
Children Living under the Age of 10 Years, and the Fatality Rate,
Compared with the Number of Persons per Occupied Room,

(Brownlee, quoted by %Woods)

District Persons per Room Attack Rate Fatality Rate
1 045-1.0 | 388,2 2.3
2 1,0-1.5 315.6 3¢5
3 1.5-2.0 251.8 : 4,1
4 2.0=2.5 100,3 5405
5

2.5"2.75 138.4 * 506
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-with room density, and that the fatality rate is strongly
correlated in a positive direction. In other wor ds, the
correlations are the same as those that were deronstrated
by coefficients of correlation in the vrevious section.

It is intended now to employ Brownlee's method of teb-
ular correlation, as in Table 66, fo explore the correlation
of Scarlet Fever with room density at several later periods
of time to see whether any trend of correlation in either
direction can be found. At the ssme time the other three
diseases will be studied in a similar marner.

It was intended 2t first to study these correlations dur-
5ing three quinquennia centred on the censws years 1921 and
1531 and the 'missed' censusyear - 1941. It will be rem-
embered, however, that the present arrangement of the wards
of the city only goes back tc 1921. Thus it is imnossible
to go further back than that year for ward data that can
be compared with later data. Accordingly, the three guin-
quennia that have been selected for study are 1921-25, 1929-23,
1939-43.

The deterrination of room density and the formation of
groups of wards of gimilar room density are based on the census
returns of 19%1. The actual wards constituting each grouv
therefore remain the same, though their popul:tions, and pre-
surably alsé +their room densities, have been altering.

To Group 1. have been allocated thosewards with a rocm

density of less than 1 person per room; Group 2. comprises
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wards with 1 to 1.5 persons per room; Group 3, 1.5 to 2
persons per room; and Group 4, more than 2 persons per room.
The highest room density is found in Ward 3, 2.47 persons
per room. Brownlee's fifth group, more than 2.5 persons

per room, has ceased to exist.

The total populations for the wards have been taken from
the Annual Reports of the Medical O0fficer of Health for 1925,
1931, and 1941. The populations for 1931 are the same as
those of the Census of that year.

Child populations for the wards have been caleculated from
births and infant deaths by the method described in the prev-
ious section. For the 1921-25 quinquennium, the fearrange-
ment of the wards in 1921 has made it impossible, by the
method used, to determine "under 5 years" child populations
until 1925. Accofdingly, both for total and child populations,
in the 1921-25 quinquennium , figures for 1925 have been
used instead of 1923. This substitution cannot be regarded
as a source of any serious error.

The formation of the four groups of wards is shown in
Table 67, giving the number and name of each ward and the num-
ber of persons per room. 1t will be noted that Ward 38 has
been placed in Group l. As this ward was not in existence
at the time of the 1931 Census, there is no record of its
room density. In 1935, however, a housing survey of the city

was carried out. Ward 38 was found to have 9% of its

houses overcrowded and came sixth in the ward order of least



Table 67.

Grouping of the Wards of the City according to the Average

Number of Persons per Room at the Census of 1931.

Group «d Number Ward Name Persons p
16 Park 091
22 Kelvinside 0.65
52 Pollokshields 0.80
53 Camphill 0.98
36 Langside 0.96
37 Cathcart 0.87
38 Yoker & Knightswood -

7 Nennistoun 1.33
13 Blythswood 1.43
15 Sandyford 1.43
20 North Kelvin 1.35
23 Partick "East) 1.41
24 Partick "West) 1.41
25 Whiteinch 1.23
34 Pollokshaws 1.25

1 Shettleston & Toll- 1.78

Cross

6 Whitevale 1.95

8 Provan 1.78

9 Covrlairs 1.90
10 Springburn 1.76
11 Townhead 1.76
12 Exchange 1.88
14 Anderston 1.87
18 Woodside 1.76
19 Ruchill 1.85
21 M aryhill 1.75
27 Gorbals 1.94
28 Kingston 1.92
29 Kinning Park 1.84
51 Fairfield 1.76
35 Govanhill lo55

2 Parkhead 2.07

3 Dalmarnock 2.47

4 Calton 2.04

5 Mile-End 2.58
17 Cowcaddens 2.09
26 Hutchesontown 2.29

30 Govan 2.02
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overcrowding vith a vnosition interrediate between ward 33
and Ward 16, both of which are in Group 1.

To each of the w-rds in e:ch group are now allocated the
total and child populations for 1925, 1971 and 1941. Hence,
by addition, we find total and child populations for e=ch
of the four_groups'for each of the three periods. These
group population figures are given in Table 68. Also shown
in the table are the percentages of the total populations
that the child populations constitute within each groun.

It will be seen that a reduction in percentage child popu-
lation occurred in all erouns from 1925 to 1931, that ih Groeun
4, the most overcrowded, this reduvction continued up to 1941;
but that in Group 1, the original percentage child population
of 1925 was vractically restored by 1941.

The next Table, Table 69, also deals with group populations.
Express%ng the totsal population of the eity, and the "under
5" population of the city each as 100, the table shows the
distribution of the populations among’the four groups at
each period.

The proportions of population in Groups 2 and 2 remain
fairly constant throughout. In Group 1, they have been
rising, and in Group4, falling. Moreover, the reduction
in the child povpulation provortion in Group 4 is, as we have
a reduction in relation to the total

seen from Table 68,

poputationof the group as well as in relation to the child

population of the whole city.



Table 68.

Total and “under 5 Child Populations of Ward Groups in 1925,
1951, and 1941, with Percentage Child Populations.

m i 1221 1941

Group Population Population Population
Total Child Total Child Total Child
1 127483 7162 136025 6277 185833 10163
100# 5.6# 100# 4.6# 100# 5.5#
2 196195 17802 210398 16165 175138 13453
ioo# 9.1# 100# 7.7# 100# 7.7#
5 507268 55085 500434 47602 478435 45545
100# 10.9# 100# 9.5# 100# 9*5#
4 266895 33788 241604 27724 205927 22361
100# 12.6# 100# 11.5# 100# 10.8#
City 1097841 115837 1088461 97768 1045335 91522

Table 69.

Percentage Distribution of the Total Population and of the Child

Population among the Four Groups.

Total Population Child Population
Group
1925 1931 1941 1925 1951 1941
1 11.6 12.5 17.8 6.3 6.4 11.1
2 17.8 19.4 16.7 15.6 16.5 14.7
5 46.3 46.0 45.8 48.5 48.7 49.8
4 243 22a 19.7 29.6 28.4 24.4

'ty 100 100 100 100 100 100
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If the child vopulation s had been obtained by enumeration,
wevmight have been inclined to assume that these erouv povu-
lation changes were the result of g transfer, after 1921,

of familles th:t included large numbers of children from Group
4 to Group 1. This cannot be the full explanation, however,
The child popul-tions were estimated from birth rates, so
that we must conclude” that the birth rates of Group 4 have

. peen’falling, and those of Group 1 rising between 19%1. and
1941.

These population changes between Groﬁp 4 and Grouvp 1 have
presumably been brought about by the "slum clearance” and ths
subtirban rehovéing programmes of the thirties. Accordingly,
the wery high eovrelstiom betwsen overcrording and birth fates
that was found in 1931 may in the ensuing years have been
considerably reduced. until the next census or housing survey,
however, it will be impossible satisfaetorily to estimate
the degree of overcrowding in the city in more recent years.
We can, nevertheless, fairly safely assume that the large
families who formerly lived in the slums in conditions of
grbss overcrowding and who now live in rehousing areas in
houses of many more apartments are no longer living in such
grosély overcrowded conditions.

While the details of this internal migration of population
are incomplete and confusing, enough has been said to indi-
a falling child population

cate that its main features are

in the most overcrowded districﬁs and an increasing child
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porul-tion in districts where overcrowding is least.

Having now formed the four groups and having obtained,
for each ofvthe three quinquennia, total and child nopulations
for esch grovo, we come now to the colleetion of the group.
morbidity, Mmortality, and fatality rates.

The actuval numbers of ceses and deaths for ezch disease.
in each single ward for ezch yenr of the fifteen yesrs com-
prising'fhethree quinguennia were abstrscted from the Publie
Health Department records; aggregated for each quinguennium:
and, allocating the aggregate for each ward to the group
containing the ward, distributéd among the four grouns. Thus
were found total numbers of cases and deaths for ez2ch group
for each gquinquennium. These figures are included in Table
70. From these totals we shall later calculate group fatdity
rates.

With the total cases and deaths in Table 70, and the group
populations in Tahle 68, it is now possible to calculate grouv
rates. In the Bour parts of Table 70, are given, for each of
the four diseases, case and death rates, i) per 100,000 group
population, and ii) per 100,000 ("under 5 yezrs") group child
popul~tion. As has been mentioned before, the under five years
child popul tions may be regarded as indices of the total
child populations.

The case and death rates in Table 70 are complicated by the

varying trend of total morbidity and mortality of the Aiseases

for the whole city. This renders a comparative interpretation



Table 70,

5-Year Totals of Cases and Deaths in Ward Groups, with 5-Year Case
and Death Rates per 100,000 Total and 100,000 Child Populations,

Scarlet Fever Cases Deaths

Group 1921~25 1929~33:1939-43  1921-25 1929-33 1939~43

1 Total 1626 3320 1544 22 31 4
Rate (Total) 1275 2441 831 17 23 202

Rate (Child) 22699 52888 15196 307 494 39

2 Total 3620 5920 1769 54 61 4
Rate (Total) 1845 2814 1010 28 29 2.3

Rate (Child) 20337 36609 13153 303 377 30

3 Total 7550 15292 6210 147 147 21
‘Rate (Total) 1488 3055 1298 29 29 4.4

Rate (Child) 13703 32128 13631 267 309 46

4 Total 4021 T135 2839 112 86 13
Rate (Total) 1507 2953 1379 42 36 643

Rate (Child) 11898 25736 12696 331 310 58

City Total 16817 31667 12362 335 325 42
Rate (Total) 1532 2911 1183 31 30 4,0

Rate (Child) 14777 32395 13512 294 332 46



Table 70 (continued),

Diphtheria Cases Deaths

Group 1921-25 1929-33 1939-43  1921-25 192933 193943
1 Total 686 792 1418 35 32 48
Rate (Total) 538 582 763 27 24 26

Rate (Child) 9577 12617 13956 489 510 4712

2 Total 1684 2092 2662 92 100 89
Rate (Total) 858 994 1520 AT - 48 51

Rate (Child) 9461 12937 19792 517 618 662

3 Total 4090 5252 9346 339 281 378
Rate (Total) 806 1049 1953 67 56 19

Rate (Child) 7423 11034 20514 615 590 830

4 Total 2032 2561 4244 183 186 191
Rate (Total) 761 1060 2061 69 17 93

Rate (Child) 6013 9238 18979 541 671 854

City Total 8492 10697 17670 649 599 706
: Rate (Total) 173 983 1691 59 55 68

Rate (Child) 7462 109453 19313 570 613 T72



Table 70 (continued),

Measles Cases Deaths

Group 1921~25 1929-33 1939-43 1921-25 1929-33 1939-43
1 Total 2911 2823 3441 27 13 8
Rate (Total) 2283 2076 1852 21 10 4

Rate (Child) 40638 44970 33%866 377 207 79

2 Total 7916 6849 3650 292 98 24
Rate (Total) 4035 3255 2085 149 A7 14

. Rate (Child) A4472  A2354 27138 ‘1640 606 178

3 Total 21431 18995 14630 1219 468 103

" Rate (Total) 4224 3795 3058 240 94 22
Rate (Child) 38897 30908 32113 2212 983 226

4 Total 14028 11197 T69% 1022 362 69
Rate (Total) 5256 4634 3737 383 150 34

Rate (Child) 41509 40388 34412 3024 1306 309

City Total 46286 39864 29416 2560 9241 204
Rate (Total) 4215 3664 2815 233 86 20

Rate (Child) 40672 40781 32152 2249 963 223



Table 70 (continued),

Whooping Cough Cases Deaths
Group 1921-25 1929~33 1939-43 1921~25 1929=33 1939-43
1 Total 2255 2096 2654 47 27 24
Rate (Total) 1769 1541 1428 37 20 13
Rate (Child) 31480 33389 26121 656 430 236
2 Total 6577 5403 2100 302 184 15
Rate (Total) 3352 2568 1770 154 87 4%
Rate (Child) 36950 33412 23049 1697 1138 558
3 jotal 18917 14892 12347 1193 629 295
Rate (Total) 3729 2975 2581 235 126 62
Rate (Child) 34334 31288 27102 2165 1322 648
4 Total 12442 8274 6513 910 453 179
Rate (Total) 4662 3425 3163 - 341 187 87
Rate (Child) 366816 29844 29126 2693 1634 800
City Total 40191 30665 24614 2452 1293 573
Rate (Total) 3660 2818 2355 223 119 55

Rate (Child) 35316 31370 26903 2155 1323 626
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somerhnt difficult. Some adjustment is therefore desirable
to elirfite the effect of the total trend.

Accordingly, we shull represent the rates for the whole
city for each disease in each quinguennium as 100, and express
the group rates as proportions of the city rates. Thus the
city rates remain at a constant level.

Table 71 shows the results of this manoceuvre. The Table
consists of two parts: a) Proportionate group case and death
rates based on total group populsations, and b) Proportionate
group case and death rates based orn group child nopulations.

Let us in the first place look at the general nicture
presented in the table without particular regard to differences
between the three time-periods.

Considering,first, the case rates based on total population,
in Scearlet Fever. we find some evidence of a weak positive
correlation with room density, i.e. the proportionate-rates
in Groups 3 and 4 are higher than those in Groups 1 and 2.
ln Diphtheria the correlation is = ~ -+, on the whole, stronger;
in Measles, and in Whooping Cough it is very strong.

With death rates based on total population there is, in
each disease, a strong positive correlation.

now turning to case rates based on child population, in

Searlet Fever. the correlation is negative. In Divhtheria

a negative correlation in the “irst two veriods becomes per-

haps a weak positive in the third. In Messles and Whooping

Cough, there is no evidence of podtive or negative correlation,
h, . .

With death rates based on child popul=tion the correlation



Table 71*

Proportionate Group Case and Death Pates in each Quinquennium, the

City Rate taken as ICO in each Quinquennium*

A* Rates based on Total Population*

Case Rates Death Rates
1921-25 1929-33 1939-43 1921-25 1929-33 1939-43
Lty 100 100 100 100 100 100
roup Scarlet Fever
1 83 84 70 55 77 55
2 120 97 85 90 97 58
3 97 105 110 94 97 110
4 98 101 117 135 120 158
Diphtheria
1 70 59 45 46 44 38
2 111 101 90 80 87 75
3 104 107 115 114 102 116
4 98 108 122 117 140 137
Measles
1 54 57 66 9 12 20
2 96 89 74 64 55 70
3 100 104 109 103 109 110
4 125 126 133 164 174 170
Whooping Cough
1 48 55 61 17 17 24
2 92 91 75 69 73 78
3 102 106 110 105 106 113
4 127 122 134 153 157 158



Table 71 (continued)

B* Rates based on Child Population*

Case Rate3 Death Rates
1921-25 1929-35 1939-45 1921-25 1929-33 1939-45
City 100 100 100 100 100 100
Group Scarlet Fever
1 154 163 112 104 149 85
2 138 113 97 105 114 65
3 93 99 101 91 95 100
4 81 79 94 113 95 126
Diphtheria
1 128 115 72 86 83 61
2 127 118 102 91 101 86
3 99 101 106 108 96 108
4 81 84 98 95 109 111
Measles
1 100 110 105 17 21 35
2 109 104 84 73 63 80
3 96 98 100 98 102 101
4 102 99 107 154 136 139

Whooping Cough

1 89 106 97 30 33 58
2 105 107 86 79 86 89
3 97 100 101 100 100 104
4 104 95 108 125 124 128
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in Scarlet Fever is variable — indefinite in the first
period, negative in the second, and positive in the third.
In Diphtheria there is a moderate positive correlation. In
¥easles and Whooping Cough there is g strong positive correl-
ation.

These results are closely consistent with those revealed
by the coefficients of correlation presénted in the previous
section, (Table 60). Indeed they could not very well be
expected to be otherwise, since we have applied what is
fundamentally the same process of analysis to similar data
over practically the same period of time.

These correlations in Table 71, remain, on thevhole,
constant in direction during the three quinquennia, The
only excentions are, 1) the Diphtheria case rates based on
child population which changed their direction of correlation
from a definite negative in 1929-33 to a less definite positive
in 1939-43: and, ii) the Scarlet Fever death rates based on
child Dopﬁlation which, while showing a tendency towards
positive cofrelation in the first ~and third periods, show

a quite definite negative correlation in the middle period.

So far we have added little to what has already been
learned in the previous section from the ealculation of coe-
fficients of correlation. It is proposed now to examine the
trend of incidence in each group OVer the three quinguennia

with the object of ascertaining whether changes in the total
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numbers of cases and deaths have been evenly distributed
among the groups or whether a relative rise or fall in inecid-
ence has been occuwing in any of the four groups.

In Table 71 the rates for the whole city were held constant
at 100 in each period, the purpose being to eliminate the
obsuring influence of changes in the total rates for the city,
and so make easier the recognition of the general state of
correlation between the rates and the room densities of the
groups. Our object now is no longer to examine the general
gstate of correlation but to study the trend of the case and
death rates within each of the groups. We shall, therefore,
dispense with the assumption of a constant total rate for
the city, an assumption which might now cause a degree of
confusion since death rates which we know to be falling. might
appear to be rising. Returning to Table 70, we shall assume
the case and death rates for each disease, | in each group
and for the city, to be 100 in the 1921-25 quinquennium, and
we shall express each of the 1929-33 and 1929-43 rates as a
proportion bf the correspondings rate for 1921-25. Carrying
_out this procedure yields Table 72.

It will be noted from this Table that the figures for the
city do not invariably lie within the range of the group
figures, as we might have expected them to do. Why this can
be so will be realised when it is remembered that the figures

represent not true rates but proportionate rates, i.e. ratios

of the 1929-33 and 1939-42 rates to the 1921-25 rates, the



Table 72.

Proportionate Group Case and Death Rates in Quinquennia, the
Rates in 1921-25 being taken as 100.

A. Rates based on Total Population.

oo R

Case Rates Death Rates
GrouP 1921-25 1929-35 1939-43 1921-25 1929-35 1959-43
Scarlet Fever
1 100 192 65 100 136 15
2 100 153 35 100 104 8.2
3 100 206 87 100 100 15
4 100 196 9 100 86 15
City 100 190 78 100 97 15
Diphtheria
1 100 108 142 100 89 96
2 100 116 178 100 102 109
5 100 230 245 100 84 118
4 100 140 271 100 112 135
City 100 127 219 100 93 115
Measles
1 100 91 81 100 48 19
2 100 81 52 100 32 9
3 100 90 73 100 39 9
4 100 88 71 100 53 8
City 100 87 67 100 37 8
Whooping Cough
1 100 87 81 100 54 55
2 100 77 55 100 57 28
3 100 80 69 100 54 26
4 100 74 68 100 55 25
City 100 77 64 100 53 25



Table 72 (continued)

B. Rates based on Child Population.

Case Rates Death Rates
Group 1921-25 1929-35 1939-43 1921-25 1929-33 1959743
Scarlet Fever
1 100 255 67 100 161 15
2 100 181 65 100 125 XK
3 100 235 99 100 116 17
4 100 216 107 100 94 18
City 100 189 92 100 113 16
Diphtheria
1 100 132 146 100 104 97
2 100 137 209 100 119 128
3 100 149 277 100 96 155
4 100 154 515 100 124 158
City 100 147 259 100 108 136
Measles
1 100 111 {3 100 55 21
2 100 95 61 100 37 11
3 100 102 85 100 45 10
4 100 98 85 100 45 10
City 100 100 79 100 43 10
Whooping Cough
1 100 106 {3 100 66 55
2 100 90 63 100 67 35
3 100 91 79 100 61 50
4 100 81 79 100 61 50
City 100 89 76 100 61 29
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latter being represented as 100; and the eity figures are
equivalent to the ratios of the weighted averages of the
original groups rates, weighted averages in whieh the rel-
ative size of the weights, (the group populations), are subject
to considerable variation. Perhaps a completely imaginary
fully-worked arithmetic example will clarify the meaning of
the last sentence. This is done in Table 73, in which we
‘sce that the final figure for the city lies well oubtside
the range of the figures for the groups.

Looking now at Tahle 72, let us examine the trends within
the groups remembering that the rates for each gronp are
~ presumed to start at 100. Obviously, the trends in the
two parts of the table ~— rates based on total population,
and rates based on child population — are closely similar
and it is unnecessary to consider them separately.

We snéll commence witn case-rates. In Scarlet Fever a
rise in prevalence in the middle period has been shared fairly
equally by ail groups. The subsequent fall in prevalence
has taken place to a greater extent in Groups 1 and 2 than
in Group 3 and 4. In Diphtheria, the increased prevalence
has involved the worse groups,3 and 4, much more than the
better groups, Groups 1 and 2. Measles and Whooping Cough
case rates both show a fall in all groups,which is grentest
in Group 2 and least in Group l. Scarlet Fever and Diphtheria

behave in one way and show a relative increase in prevalence

in the two most overcrowded grouvs. On the other hand,



Table 73.
Imaginary EJxample of the Calculation of Proportionate

Group Rates, the Rates in 1921-25 being taken as 100.

Case Rates for 1921-25

Group Population Number of Cases Case Rate per 1,000

1 1000 2 2

2 2000 2 1

3 4000 4 1

4 3000 12 4
City 10000 20 2

Case Rates for 1929-33

1 2000 3 1.5

2 3500 2 0.57

3 3500 2 0.57

4 looo 3 3
City 10000 10 1

Proportionate Rates for 1929-33» the Rates for 1921-25
taken as 100.

Group 1921-25 1929-35
| 100 75
2 100 57
3 100 57
4 100 75

City 100 50
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Mesles =nd Whooping Cough show a relative increase in prev-
alence in the least overcrowded group (not shared by the next
least overcrowded group).

With death rates, again Scarlet Fever and Diphtheria be-
have in one way, and Measles and Whooping Cough in another.
The greatest relative falls in death rate for Scarlet Fever
are in the two best grouns.

In Diphtheria, the dehth rate has risen less in Group 2
than in Groups 3 and 4, and it has fallen in Group 1. On
the other hand, in Measles and Whoopning Cough the falls in
death rates are least in the better groups, and certainly
least of all in Group 1.

Before introduecing Table 72, the table we have just been
examining, it was pointed out that in it the c¢sse and death
rates for the city as a whole had been allowed freedomr to
vary in proportion to their actual behaviour during the three
guinquennia. As o matter of interest, and not really in
the hope of eliciting further information, an additional
table, Table 74, has been prepared, in which the two assumpt-
ions made in Table 71 and Table 72 have been combined. Thus,
the rates for the whole city have heen held constant at 100,
_ and similarly the rates for 1921-25 have also heen held
constant at 100. This of course gives a false picture;

veriods of increased prevalence in Secarlet Fever and Diph-

theria disappear, and we no longer see the fall in death

rates that occurred in each disease except in Diphtheria.

This table tells us no more than we already know from the



Table 74.
Proportionate Group Case and Death Rates, the Rates for the Whole

City being held Constant, and the 1921-25 Rates being taken as 100.

A. Based on Total Population.

Case Rates Death Rates
Group 1921-25 1929-33 1939-43 1921-25 1929-33 1939-43
Scarlet ffever
1 100 101 84 100 140 100
2 100 81 71 100 108 64
3 100 108 113 100 103 117
4 100 103 119 100 89 117
Diphtheria s
1 100 84 64 100 96 83
2 100 91 81 100 109 94
3 100 103 111 100 89 102
4 100 110 124 100 120 117
Measles
1 100 106 122 100 133 222
2 100 93 77 100 86 109
5 100 104 109 100 106 107
4 100 101 106 100 106 104
whooping Cough
1 100 115 127 100 100 141
2 100 99 82 100 106 113
3 100 104 108 100 101 108
4 100 96 106 100 103 103



Table 74 fcontinued).

B. Rates Based on Child Population.

Case Rates Death Rates
Group 1921-25 1929-33 1939-43 1921-25 1929-33 1939-43
Scarlet Fever
1 100 106 73 100 143 82
2 100 82 70 100 111 63
3 100 106 109 100 102 110
4 100 98 116 100 82 112
Diphtheria
1 100 90 56 100 97 71
2 100 93 80 100 111 93
3 100 102 107 100 89 100
4 100 104 121 100 115 117
Measles
1 100 110 105 100 124 206
2 100 93 77 100 86 110
3 100 102 104 100 104 103
4 100 97 105 100 101 104

Whooping Cough

1 100 119 109 100 110 127
2 100 102 82 100 109 113
3 100 103 104 100 100 104
4 100 91 104 100 99 102
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two earlier ones, though it does bring out in perhavns s
more siriking fashion the relative differences in the be-

haviour of the four diseases among the four groups of the

population.

Group Fatality Rates.

From the figures for the actual numbers of cases and
deaths given in Table 70, we can calculate fatality rates
for each group at each period of time, These fatality rates
are given in Table ?5.

As the rates stand, we see an obvious positive correlation
in every instance between fatality rates and group room
densities, confirming the findings in the previous section
by the caleulation of coefficients of correlation.

Followineg the same procedures that were adonted in the
study of the group case and death rates above, we may first
hold the city fatality rates constant at 100 for each quin-
‘quennium, (Table 76), and second, we may give the city rates
freedom to change in their natural manner but express all
the rates for the 1921-25 period as 100, (Table 77). The
third procedure, the combination of the first two, has not
been repeated.

Table 76. illustrates again, in a clear fashion, the high
degree of positive correlation that we have just seen in
Table 75. This high degree of correlation does not seem to

e fents £
be markedly diminishing, though there are indicationg of a



Table 754

Group Fatality Rates for each Quinquennium,

Group 1921-25 1929-33 1939-43

Scarlet Fever

1 1.35 0.93 0,26
2 1.49 1,03 0.23
3 1.95 . 0.96 0.34
4 2 079 1 021 O 046
City 1.99 " 1,03 0.34
Diphtheria
1 510 4,04 3.38
2 5.46 4.78 3434
4 9.01 7426 - 4450
City 7.64 5460 400
Measles
l 0.93 ' 0.46 » 0.23
2 ‘5 .29 1 043 0 .66
2 7.28 3423 0.85
City 553 2436 ©.69
Whooping Cough |
1 2,08 1.29 (2).2(2)
2 4.59 3 041 2.39
3 6.31 4022 2.1
4 132 5048 \

ity 610 a2 2.33



Table 76.

Proportionate Group Fatality Rates. City Fatality Rate - 100.

Group 1921-25 1929-33 1939-43

Scarlet Fever

1 68 90 76
2 75 100 68
3 98 93 100
4 140 117 155
City 100 100 100
Diphtheria
1 67 72 85
2 71 85 84
3 109 96 101
4 118 130 113
City 100 100 100
Measles
1 17 19 33
2 67 61 96
3 103 104 101
4 132 137 123
City 100 . 100 100

Whooping Cough



Table 77.

Proportionate Group Fatality Rates. 1921-25 Rates - 100.

Group 1921-25 1929-53 1959-43

Scarlet Fever

1 100 69 19
2 100 69 15
3 100 49 17
4 100 43 16
City 100 52 17
Diphtheria
1 100 79 66
2 100 88 61
3 100 65 49
4 100 81 50
City 100 73 52
Measles
1 100 49
2 100 39 |
3 100 ﬁ g
4 100 1
Whooning Cough
74 53
s 100 67 38
4 100 5 38

City 100 69 38
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lessening difference between the best groups and the worst.

In Table 77, the indications of correlation are removed
by giving each group the same initjial proportionate rate,
i.e.100. The table shows the direction (invariably down-
wards), and the degree of change in the fatality rates of
each grouv. The behaviovr of e-ch of the diseases in rel-
ation to the forr grouns is.fairly uniform. We find a rather
greater reduction in fatality rates in the worst +than in
the best groups, though the differences in the reduction
between the four groups are not, on the whole, very marked.
There is however a definite tendency for the difference in
rates.between the begt and worst groups to become less, thus
bringing about a diminishing degree of correlation between
fatality rates and room density.

Before concluding this section, let us review soﬁe of the
more salient features of the grour behaviour of the four
diseases that have emerged from these tables of group case,
Adewth, and fatality rates.

Both Searlet Fever and Diphtheria case rates are becoming
relatively less in the hest (the least overcrowded) groups
and relatively greater in the worst groups; if coefficients

of correlation had been caleul-ted for each of the three

quinovuennia between case rates and room density we should

have found that the coefficients were jncreasing in positive

value. What was & strong negative correlation between Scarlet

Fever caée rates bagsed on child population and room density
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has become a weak negative correlation, and the correspond ing
moderate negative correlation in Diphtheria has become g
weak positive correlation.

ln weasles and Whooping Cough, relatively increased cage
rates have occurred in Group 1, but, on the other hand, the
rates for Group 2 have been guite rapidly falling. Just
what this means, so far as changes in the state of correl-
ation between case rates and overcrowding is concerned, is
rather difficult to decide. Probably there is a slight
change in the negative direction. '

In Group 1 in which, as we saw earlier, the proportion
of children in the population has not fallen, but has, in
the last period, shown a rise, an associated happening has
been, therefore, a relative reduction in case rates in Scar-
let Fever and Diphtheria and a relative increase in measles
and Whooping Cough. The apnarent effect of the increasing
child population seems to be to have increased the incidence
of measles and Whooping Congh, and to have decreased the in-
cidence of Scarlet Fever and Diphtheria.

With death rates, the high state of positive correlation
between overcrowding and rates based on total population has
'increased in Scarlet Fever and Diphtheria and has diminished
in mMeasles and Whooping Cough. As with case rates the
change in correlation is in a positive direction in‘the first
two diseases, and negative in the second two. Similarly,

when death rates are based on child population, a weak neg-
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atiV? correlation in Searlet Fever becomes positive, a
weak positive correlation in Diphtheria becomes more strongly
positive hut;, in Measles and Whooping Cough, fhe strongs positive
correlation is reduced. Whereas in Scarlet Fever and Diph-
theria the fall in death rate in Groups 1 and 2 has been
greater than in the other groups, in Measles and Whooping
Cough the fall in death rate, at least in Group 1, has been
less.

We saw that the reduetion in fatality rates has been fairly
equal among the four groups, though rather less in Groups
1 and 2 than in Group 3 and 4, and that in this respect each
of the diseases has bhehaved in similar fashion. The differ-
ences in behaviour of death rates between Scarlet Fever and
Diphtheria on the one hand and MeaSles and Whooping Cough
on the other has been,therefore,due to a similar difference

in the behaviour of case rates rather than to a difference

in the behaviour of fatality rates.



CHAPTER 4

Age of Attack in relation to Social

Environment.
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Secetion 1
Age of Attack in relation to Room Density in a Group of

Wards,

In Chapter 2 we dealt with variations in the age of
attack and of death over a period of thirty years for the
city as a whole, no regard being paid to different soecial
classes within the city. In Chapter 3, we studied the
correlations between social environment and case; death,
and fatality rates no regard beingmid to the age of attack
or of death. 1In this chapter we shall cease to concider
these correlations with social environment but shall look
now into the age of attack of each disease in a numbher of
wards of the city in which there are differences in the deg-
ree of overcrowding.

Records are available, and were used in previous chapters,

of the age-distribution and the ward-distribution of cases

" in the city as a whole. No record is prepared or kxevnt in

the Publie Health Department of the age-distribution of cases

in individual wards, information which is now required for

the present investigation. It was necessary, therefore,

for the purpose of ascertaining the age of cases in the indi-
vidusal wards to go back to the original Annual Registers in
which each case is entered when its existence is known,
amendments being later made for altered diagnoses. These

registers, compiled in sections for each disease



121
and for ench of the five divisions of the city, give the date
of revorting, number of the ward in which the case occurred,
age of the ratient, address, date of sickening, school attend-
ed, and other similar information. These registers are avail-
able from 1923 to 1945 inclusive.

To have gone through the registers for these 13 years,
and to have classified all the cases into wards and ages,
would have been a task of forbidding magnitude and one which
could not readily be rendered simpler by mechanical methods
of classificgtion.

It was decidéd therefore, to concentrate upon only two
years, 1923 and 1945, and to include only the seven wards
comprising the Eastern Division of Glasgow, namely the wards
numbered 1 to 7. neither the selection of the yearsmof of
the wards was random in the true sense. The years 1933 and
1945 were selected because they were first and: last years
for which the required data was obtainable. The seven wards
of the Eastern Division were selected in preference to a
purely random sample from the 38 wards of the city because,
in the first place, the registers are complied in Divisions
and extraction was thus simplified, and in the second place,
jt was felt that these seven closely adjacent wards were more
likely in a period of time as short as a single year to
share the same epidemiological experience. Random-selected

and possibly widely scattered wards might not have had similor-

epidemiological éexperience,a factor which might yield biased
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age~distributionsamong the different wards.

Fortun=tely the seven wards of the Eastern Division offer
a fairly good representative sample of all the wardis comorising
the city, so far as overcrowding is concermed. Ward™ came
eighth in the order of least overcrowding of wards in the
city in 1935, and with a room density of 1.34 in 1931 occu-
ried a middle position in Group 2 in the ward groups of the
previous chapter. Wards 1 and 6 1lie respectively near the
beginning and end of Group 3. The remaining four wards, Wards,
2, 3, 4, 2md 5, constitute more than half of Group 4 in the
previous chanter, and have therefore a very high degree of
overcrowding. The Eastern Division includes , therefore,
one ward with little overcrowding, two wards with moderate
overcrowding, and four wards with gross overcrowding.
neogravhically, the seven wards are closely adjacent to one
another.

In 1933, the Mmeasles incidence for the city was very low,

and, as we mentioned in Chapter 2 (Section 4), in such years
the age-distribution of Veasles cases is abnormal. For this
reason it was decided to omit Measles from the present investi-
gation, and to consider only Searlet Fever, Diphtheria, and

Whoopirg Cough. There 1is jndeed little that we could hope

to add. by the present jnvestigation to what Halliday has
already told us about age and social environment in Measles
in Glasgow.

The procédure followed in the present examination of age

of attack in the seven wards was to go through the registers
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case by case, and to note down the age in years of each
patient, and the ward in which he lived. Thereafter a grouped
frequency distribhtion table was prepared for éach ward, showing
the number of cases occuring in the ward at esmch year of age.
A combined table, showing these frequency distributions for
each ward for 1922 and 1945 and for each of the three diseases,
is provided in Table 78.

Cases aged 15 ye=rs and over have been gathered into one
age-groun and are shown in the table for completeness only.
They will not be “urther discussed in this séction. In cal-
culsting = mean age of attack, which we are now about to do,
these few adult cuses carry a disproportionately heavy weight,
and it has seemed advisable and more likely to’give a truer
indication of lhe differences in age of attack in the differ-
"ent wards to consider only those czses occurring at ages
under 15 years. Xany of theses adult cases, moreover, cannot
be regarded as having occurred in perscns exposed to the norral
risk of the wsrd in which they lived; a large proportion of
cases occurring in =dult females have, no déudbt; been brought
gabout by attendarnce upon siek children. 'In this respect such
adults =re in the same position as nurces in infectious dis-

eace hospitals who are exvosed to a risk presumably grecter

than that of the ceneral populstion of the distriet in which

they live.

The method employed to ecalculate the mean age of attack



Table 78 .

Age-Distribution of Ward Cases, 1933 and 1945.

Scarlet Fever

1933

Age Ward Yo, 1 2 3
S ¢ 5 2 2
1 17 15 16
2 26 20 19
3 39 371 20
4 34 28 17
5 64 39 25
6 43 34 15
7 26 38 17
8 21 16 16
9 2% 17 10
10 25 16 T
11 12 11 12
12 13 10 5
13 Bo5 9
14 T 4 1
0 - 15 370 292 191
All Ages . 407 325 209
1945

0 1 - -
1 12 10 8
> 2 9 10
3 24 15 U4
4 26 15 13
5 27 26 19
6 24 16 7
7 18 10 T
8 21 8 8
9 8 5 6
10 »oz -
11 o3
12 8 10 3
13 8 - 2 4
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Table 78 (continued),

1233

Diphtheria
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Table 78 (continued),

1933
Ward No, 1 2 3
31 28 24
27 33 35
32 28 16
25 40 26
20 28 18
67 54 44
17 23 10
10 7 6
4 4 3
2 2 1
1 1 -
2 - 1
238 248 184 1
- , 1 -
238 249 184 1
1945
4 14 5
g8 10 4
4 13 5
8 9 12
4 3 T
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with its standard error, is illustrated by a fully worked
example in Table 79 dealing with Scarlet Fever in 1933 in
Ward 1. The age of each case is assumed to be at the middle
of each year of age, e.g. all cases aged 1 year and under

2 years are assumed to be aged 1.5 years; cases aged 2 years
and under 3 years are assumed to be aged 2.5 years: and so
on. Objection might be taken to the placing of all the
"under 1 year " cases at 0.5 years, since the majority of
these cases actually oceur in the second six months of the
first year. The aprroximation is justified, however, by

the considerable facilitation of caleulation that results
and by the negligible error that is introduced. For instance,
by the method illustrated, the mean age of attack for Secarlet
Fever in Ward 1 in 1923 is 6.662 years. If, alternatively,
we allocate the five "under 1 year" cases to their true ages
in months, the new mean age of attack becomes 6.665. The
difference between the two results is negligible.

The ealeulation of the mean age of attack is facilitat-
ed by the adoption of 'mew class marks' (X), based on a work-
ing mean arbitrarily placed at 5.5 years, which, in the new
’working scale, hecomes zero. When f is the number of cases
at each year of age, and n = Sf, the true mean age of attack
ig8 5.5 4 SfX/n. This is greater or less than 5.5 depending
on the sign we have to prefix to SfX/n.

The Standard Error of the true mean is 6//f1 where ¢ is

the standard deviation of the actual ages of attaeck: i.e.



Table 79,

Calculation of Mean Age of Attack (Cases under 15 years).

Scarlet Fever, 1933, Wardl 1.

Age Class New Class 2 Frequency
(Years) Marks Marks (X) X £ £X £(x2)
0 0.5 - =5 25 5 -25 125
1l 1.5 -4 16 17 -58 272
2 2.5 -3 9 26 ~78 - 234
3 3.5 -2 4 39 ~78 156
4 4.5 -1 1 34 =34 34
5 545 0 0 64 0 0
6 6.5 +1 1 43 +43 43
7 7.5 2 4 26 52 104
8 8.5 3 9 21 63 189
9 9.5 4 16 25 100 400
10 10,5 5 25 25 125 625
11 11,5 6 36 12 72 432
12 12.5 7 49 13 91 637
13 13.5 8 64 13 104 832
14 14.5 9 81 7 63 567
‘ Total 370 +430 4650
‘Total / 370 +1,162 12,57
Square of 1,162 135
Difference = ¢ 2 11,22
Standerd Deviation, ¢ 343496
Standard Error, 6/\/5:75 0.174

Mean Age of Attack = (5.5 + 1.162) + 0.174
(Years)
- 6.662 ‘:‘_ 00174



Table 80,

Working Totals in Calculation of Mean Age of Attack,

Ward No. 1 2 3 4 5 6 7

Scarlet Fever
1933 St 370 292 191 161 153 163 177
SfX 430 286 172 165 68 125 246
SfX2 4650 3178 2470 1949 1484 1857 2132
1945 St 232 132 100 50 73 T7 56
SfX 274 91 25 27 16 14 67
S£X2 3012 1381 929 547 840 T00 631

Diphtheria

1933 St 69 65 63 49 49 51 48
SFX 117 109 94 88 85 105 98
s£x? 1029 1155 858 722 601 967 800
1945 Sf 106 88 66 67 26 44 42
SFX 109 114 26 14 26 55 54
sfx2 1199 1210 602 918 244 635 512
Whooping Cough

1933 st 238 248 184 187 244 125 98
‘ SfX ~355 =402 =337 =308 457 =241 -144

s£x2 1837 1812 1539 1740 2291 937 592
1945 st 55 95 64 7T 48 16 62
SE£X 42 2135 56 -94 =90 -85 =35

sex? 528 735 370 486 412 533 345



Table

81.

Mean Age of Attack, and Standard Error, for Cases under
1933 and 1945.

15 Years of Age.

Ward No. 1

Scarlet Fever

1933

1945

Diphtheria
1953

1945

Whooping Cough
1935

1945

Persons per Room
(1931)

6.662
0.174

6.681
0.224

7.196
0.418

4.008
0.152

4.708
0.420

6.479
0.184

6.189
0.275

7.177
0.480

6.795
0.570

3.879
0.157

4.079
0.245

Wards 1 to 7,

6.401
0.252

5.750
0.304

6.992
0.425

5.894
0.368

3*668
0.165

4.625
0.280

25

6.525
0.262

6.040
0.462

7.296
0.484

6.604
0.432

5.853
0.188

4.279
0.250

2.0

5.944
0.249

5.719
0.396

7.255
0.435

6.500
0.568

3.627
0.155

3%625
0.325

2.4

6.267
0.257

5.682
0.343

7.559
0.537

6.750
0.541

3.572
0.174

4.382
0.275

2.0

6.890
0.239

6.696
0.419

7.542
0.510

6.786
0.501

4.031
0.199

4.935
0.291

1.3



125

2
6’:JSf(X )/n - (SfX/n)®. 1In the workead example, therefore,

the trve mean ace of attack, 5.5 ¢ SFX/n, = 5.5 +(+1.162)

- 6.662 years. ¢ =/ 12.57 - (1.162)2 = / IT-35 » 2.3496.

Therefore the stardard error, o¢//T,is * 0.174.

In exactly similar fashion the mean age nf attack and
standard error for each of the other wards for 1985 and 1945,
for Scarlet Fever, Diphtheria, and Whooping Cough has been
calculated. "~ Working totals are given in Table 80, and the
full set of results are given in Tsble 81l. The latter t=ble
includes the "number of versons per room" for each of the
seven wards at the Census of 1931.

It seems obvious, even without subjecting the results
to close examination, that at both yeazars themean ase of attack
both of Scarlet Fever and Whooping Cough is higher in the
two less overcrowded wards, Wards 7 and 1, than in the other
five wards. With Diphtheria, on the other hand, no such
obvious conclusion can be drawn.

The further investigation of these results will be done
in two stages, In the first stage, we shall investigate
‘more closely, without particular regard to changes in the
results between 19%% and 1945, the correlation between the
age of attack and room density of the wards. In the second

stage we shall examine the differences, in the seven wards,

between the age of attack in 1937 and 1945.

Stage 1.
As a preliminary measure, let us examine, for each disease
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and in each year, the meanasce of attack in the seven wards,
to ascertain whether the differencesin the mesn age of attack
among the wards are statistically significant, or whether,
having regard to the varying number of cases oceurring in
the wards, these differences between one ward and7other could
have arisen by chance. To do this, we shall employ the stat-
istical procedure known as "Analysis of Vadance" a procedure
which, so far as 1 am aware, has not yet been much used in
the statistical study of medical data.

The "variance" of a series of variables is the sum of the
squares of devigtions from the mean of the variables divided
by the number of variables, ;.e. variance is the square of
the standard deviation, =nd may be represented as ¢2. If
we have a geries of varisbles in which x represents the devi-
ation of each from the mean of the series,the variance is
sx®/n. In a grouped frequency series this would be expressed

Sfxz

/3f, where £ is the number of items in each group.

In our present problem, we have seven wards, for each
of which. we have a grouped frequency series of cases and
for each of which we have calculated a mean age of attack.
For the whole seven wards taken together, i.e. for the Eastern
Division, there is also a mean age of sttack which we could
ha#e caleculated, had we wished, from the ages of all the

cases in the seven wards; this we shall call the "genersl

mean". Now the sum of the squeres of all the deviations from

the general mean may be regarded as consisting of twe components,
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g) the sum of squares of deviations of the ward means from
the genersl mean, and, b) the sum of sousres of deviations
of the vari-bles within each ward from the ward mean. By
snalysis of variance we estirate tre relstive weicht of each
of these two components, and thus test whether there is orvis
ﬂot a $ignificant difference between the means of the various
wards. We calculate the variance ofvcomponent "a' and of
component 'b', and find the ratio of the larger to the smaller.
If variance 'a' is smaller than variance 'b', there is obvionsly
no significant difference between the ward means. On the other
hand;, if variance 'a' is greater than variance 'b', we must
tesf the &ignificance of the ratio by reference to a table of
variance ratios, (F), such as that of Snedecor, (1946), where
values of F are t=bulated for varying numbers of variables
and degrees nf freedom. In each of our present series of
analyses, the significant velue of F is 2.1. for each disease
and. at each of the two years.

The arithmetic of the calculations is facilitated by
retaining the ‘new class marks' introduced for the earlier
calculations of the mean age of attack. inﬁeach ward. A fully
ﬁorked example will be more useful to describe the method
than a long verbal description. Accordingly, in Table 22
will be found the calculation of the analysis of variance
for Scarlet Fever in 19%3. 1In Table R3 are given the full

series of results for all three diseases in 1927 and in 194%.

In Diphtheria, where  the variance is gre~ter within than



Table 82,

Calculation of Analysis of Variance.

Mlean Age of Attack, Scarlet Fever, Wards 1 to 7, 1933,

Total Wards Residual
) @) ) (4) (5)
| st sex se(x?)  (s£x)2 (s£x)2

Ward - st

1 370 430 4650 184900 499.7

2 292 286 3178 81796 280,1

3 191 172 2470 29584 154.9

4 161 165 1949 27225 16931

5 153 68 1484 4624 30.2

6 163 125 1857 15625 95.9

T 177 246 2132 60516 341.,9
Total 1507 1492 17720 1571.8 |

Square 2226064 (3)= 17720
Square/1507 14770l = = = = = = = = = = = = 14771 (5)= _1571.8
Differences = Sums of Squares 94.7 16148,2
Degrees of 6 1500
Freedom 1506 >
Variance 15.78 10,77
Variance Ratio 1.5
Significant Ratio 2.1

Result: Not Significant.



Table 83,
Analysis of Variance,

Mean Age of Attack, Wards 1 to 7.

Year Wards Variance Residual Variance Ratio Result
(a) (b) a/b (Sig. Ratio
= 2.1)
Scarlet Fever
1933 15,78 10.77 1.5 Not Significant
1945 21,08 , 10,58 2.0 " "

Diphtheria

1933 2.28 12,63 o~ | | " "

1945 6435 11,12 -l " "
Whooping Cough

1933 573 5425 1.1 " "

1945 10.92 , 5499 1.8 " "
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between the wards, i.e. variance 'b' ig greater than variance
'a', it 1s unnecessary to calculate the ratio since the res-
ult is obviously "not significant". For Scarlet Fever the
ratio for 1945 approaches closely to a significant level.

What do we learn from this?. We learn thst in the group
of wards, Wards 1 to 7, for each disease and at each of thetwo
gears, having regard to the number of €ases occurring in esach
ward, snd the age at which the cases occurred, and having no
regard to any other circumstances about the wards, ths mean
age of attack, taking each disease and each year sevarately,
does not differ significantly between one ward and =~ another,
all the seven wards being exsmined at the same time.

There is however, onecircumstance about the wards in which
we are iﬁterested and which we must now consider in connect-
jon with mean age of attack. This is the room density of
the seven wards. We have already observed, in Table 81, an
indieation of correlation between mean age of attack and room
density. This correlation we shall now proceed to measure by
means of coefficients of correlafion.

The calculation of these coefficients is simple since there
are only seven variables, namely the seven wards. 1t has
been further simplified by adopting new class marks both for
mean age of attack and for room density. As usval a fully
worked example will be given to Aemonstrate the method, Tahle
84, thsrefore, shows the calculation of the coefficient for

Searlet Fever in 1933. Next, Table 85 gives the full set of



Table 84,

Calculation of Coefficient of Correlation between Mean Age of
Attack (Scarlet Fever, 1933),(x), and Room Density (y).

Ward Mean Age X X° Room Y Y2  xy
Yo. of Density
Attack (x) (y)
1 6.7 +7 49 1.8 w2 4 ~14
2 6.9 +5 25 2,1 +1 1 +5
3 6.4 +4 16 2.5 +5 25 +20
4 6.5 +5 25 2,0 0 0 0
5 549 -1 1 2.4 #4416 -4
é 643 +3 9 2,0 0 0 0
7 6.9 +9 81 1,3 T 49 63
Totals + 32 206 +1 95 - 56
e, -W Fumerator = =56/7 - 1/7.32/7
=/ 418 /7 = = 424/49
S, =/ /T =T
=/ 664 /T

Therefore r = = §24
eref'ore xy ' 4

= - 0,8050,

Table 85,

Coefficients of Correlation between Mean Age of Attack and
Room Density, 1933 and 1945,

1933 1945
Scarlet Fever - 0,8050 - 0,8061
Diphtheria (- 0.6561) (= 0.6348)
Whooping Cough (=~ 0.7127) (=~ 0.6392)

Significant Value of r = 0.755
Coefficients in brackets are "x;ot significant”,
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results for the three diseases at each of the two years.

As is to bhe expected when only seven variables are being
considered, the level of significance for r is very high:
by Fisher's 't' method it is * 0.755. Using this eriterion
we find that only in Scarlet Fever are the results signifi-
cant.

We may verhaps at this point compnare these results in
' Table 85 with those of Wright and Wright (194%), who, correl-
ating mean age of attack with substandard housing in the Lon-
don Boroughs for the period 1924-38, found significant values

of r as follows:-

-0.704

Diphtheria T

Whooping Cough r 0,790

These very high coefficients in Table 85, calculated on
only seven variables, are inclined to be misleading and to
give the impression of unduly hign degrees of correlation.

Iﬁ the seven wards the mean age of attack in any one ward

is only very slightly different form that in any other ward.

- A much truer pnicture of the degree of correlation t'at exists
"would be obtained by calculating the coefficient of correl-
ation between the age =nd housing conditions of each indi-
vidual case in the corbined seven wards. TFor Scarlet Fever

in 1933, for instance, we should then haveaseries of 1507
variables, the total number of cases under the age of 15 yeanrs

that occurred in the sevenwards in that year.

With the data at our disposal we know only the age cof each
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case; we 4o not know the number of rersons per room in the
house from which each case has comé. We know, however,
the aver=ge number of persons per room in the ward in which
trat house is situated. Each of the 1507 Scarlet Fever cases
in 1933 therefore, can be allocated to one out of 15 age-
groups ( each age-group being a single year), and at the
same time can be allocated to one out of seven degrees of
‘room density, (the room densities of esch of the seven wards).
With this information we can proceed to calculate coefficients
of correlation between room density and age of attack (N.B.
Not now mean age of attack),

These calculations are rendered very simple since a great
part of the work has already been done iﬁfiﬁding the mean
ace of attack in the wards. Assuming x to represent age
of attack and X to be the new class marks, we have already
found valueé for SfX and 'SfX° for each disease and in each
ward (Table 80). We have also, in correlating mean age of
attack with room density, revresented room density by new
elass marks, Y, each value of Y teing a small whole number,
(Table 84). It is now a simple matter to find values for
VSfY, SfY?, and SfXY, and hence to calculate ﬁxy’ the coeffic-
jent of correlation between x, the age of attack,and y, the
room density. This caloulation has been scet out in full in
Table 26. for Secarlet Fever in 19%3. 4s usual we follow
with the full series of results, and these will be found in

Table 87. The test for significance has been taken as twiice



Table 86,

Calculation of Coefficient of Correlation.

Age of Attack (Scarlet Fever, 1933),(x), and Room Density (y).

Ward No: 1 2 3 4 5 6 7 Total Total
‘ E 1507
vSf 370 292 191 161 153 163 177 1507 -
SfX 430 286 172 165 68 125 246 1492  0,9900
SfX2 4650 3178 2470 1949 1484 1857 2132 17720 11.7585
Y -2 +1 +5 0 +4 0 =7 - -
SfY =740  +292 4955 0 +612 0 =1239 = 120 ~ 0,0796
s£Y2 1480 292  A7175 0 2448 0 8673 17668 11,7240
SEXY -860 +286  +860 0 +272 0 1722 1164 -~ 0,7724
o, = Vv 11.7585 = (0.9900)2 cry =/ 11,7240 = (-0.0796)%
- 3.2831 - 3,4231
r = 00,7724 = (0,9900)(~0,0796)
Xy 3,2831 X 3.4231
Significant Value of r = 2 x Standard Error = 2//5¥ = 2//1507
= 0,0516
Pable 870

Coefficients of Correlation between Age of Attack and Room Density.

r 2 x S,E. Result
Scarlet Fever 1933 <0 ,0617 0.0516 Significant
1945 «0,1038 0,746 Significant
Diphtheria 193% ~0.0365 '0,1008 Yot Significant
1945  =0.0559 0.0954 Not Significant
Whooping Cough 1933 ~0,0544 0.0550 Not Significant

1945 -0,0926 0,0918 Significant
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the standsard error of each coefficient, the standard error
bveing assumed to bhe 1 / V1

Though the values of r are found to Se very smrall, never-
theless some of them do indicate a resl association between
age of attacg and room density. There is é tendenecy, over
a large number of cases, for the age of attack to be higher
in the less overcrowded wards, a tendeney which, though slight,
is of statistical significance for Scarlet Fever in both 1923
and 1945, and for WhoopingCough inl945.

It should be noted. that these results can be regsrded
as true only for the seven wards with which we have been
dealing. These seven wards, however, are representative, so
far as overcrowding is concerned, of by far the greater part
of the whole city; only a small proportion of the total city
population live in conditions materially better than those
of the best of the seven wards, while the worst of the seven

wards are the worst of the city.

Stage 2.

We come now to the second stage of the examination ofrnean
age of attack in the seven wards, snd we shall now studythe
differencé in mean age of attack in the different wards bet-
ween 1932 and 1945.

Table 81 gave the mean sge of attack in each ward for each
disease in 1937 and 1945. From these figures we can now
prepare a further tuble, Table 88, in which are shown i) the
differences in mean age of attack between the twe years, urd

i3) these differences exnressed =g & percerterse ¢f tre ceorres-



Table 88.

Differences in Mean Age of Attack between 1933 and 1945.
Actual Differences and Differences as Percentages
of Mean Age of Attack in 1933*

Ward Nos 1 2 3 4 5 6 7

Scarlet Fever

Actual +0.01970.290 -0.651 -0O.485 -0.225 -0.585 -0.194
Percent. +0.29 -4*48 -10.1?7 -7.43 -3.79 -9*33 -2.82

Diphtheria

Actual -0.668-0.382 -1.098 -0.692 40.735 -0.809 -0.756
Percent. -9.29 -5.52 -15.70 -9.49 -10.16 -10.70 -10.02

Whooping Cough

Actual +0.700+0.200 +0.957 +0.426 -0.002 +0.810 +0O.904
Percent. +17.47 +5.16+26.08 +11.06 —6.06 +22.68 +22.45

Persons per Room 1.8 2.1 2.5 2.0 2.4 2.0 1.3
U9s1)
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ponding 1923 rean sge of attack.

In six out of the seven wards, the mean age of attack
for Scarlet Fever was lower in 1945'than in 19%3. For
W hooping Cough the mean age of attack has become higher
in each ward. Such changes are in accord with the age-shift
of these diseases that was demonstr:ted for the whole city
in Chapter 2. For Diphtheria, however, eacﬁ mean of attack
is lower in 1945 than in 1923: +the differences between these
two years is not characteristic of the general age-shift
of Divhtheria during the wider period of time that we have
gtudied earlier. If we look back to Tables 31. and %3 we
gsee that for the city the age qf attack in Diphtheria in 1933
tended to be higher than the average for the gquinauennium
1921-35, while in 1945 the age of attack was definitely low-
er than the average for the quinQuennium 1941-45.

In Scarlet Fever the mean afe of attack changed least in
the two least overcrowded wards; Wards 1 gnd 7; Ward 1 shows
a slight rise, and Wwerd 7 a slight fall. In the other wards
the fall was much greater.

~ In Udiphtheria, the fall in the mean age' of attack is cert-
vainly no less in the better wards than in the worse.

In Whooping Cough the rise in the mean age of attack occurr-
ed especially in the better wards, but was greatest of all in
the most overcrowded ward, Ward 3.

Obviously the three diseases have behaved in different

ways. The mean age of attack in Scarlet Fever has changed
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most in the worst wards, in Whooping Cough in the best wards
but also in the very worst, and in Diphtheria the changes
have been similar in good and bad wards.

1t woul be most unwise, with such small samples of cases
a8 those with which we are dealing, and with only two years
under observation, to attempt to pursue this investigation
any further. 1t is doubtful, indeed, if we are justified
in drawing any but the most limited céonclusions from the
data so Tar presented in this chapter,

We are fairly safe in concluding that both in Scarlet
Fever and in Whoopning Cough the mean ~ge of attack is usually
iower in the more overcrowded districts; in Dinhtﬁeria we
cannot be so certain, though there is a tendency (not statist-
ically significant) in this direction.

So far as changes in the mean age of attack in the differ-
ent wards are concerned, it is of interest to have observed
that especially in Scarleﬁ Fever the degree of change may be
different in the better wards from the worse. It is unsafe,
however, to assume that the Bhanges seen between ;93? and

1945 are necéssarily characteristic of these diseases over

‘a wider period of time.



134
Section 2
The Effect of Differences in Age of Attack upon Ward

Fatality Rates

From the previous section we were able to conclude that
on the whole the age of atfack tends to be lower in the more
overcrowded wards than in the less overcrowded wards. But
these differences between the bad and the good wards are
only of small degree. It will be remembered that Ward 7,
the best of the seven wards, comes high in the city's order
of least overcrowding, so that it is probable that these
seven wards are representative of the living conditions of
between 80% and 90% of the child population of the city.

Over by far the greater pzrt of the city,'therefore, we shonld
not exnect the age-distribtion of cases to differ markedly
from the range of age-distributions covered by the sewn-ward
sample. Accordingly over the gre=ter part of the city, the
differences in age~distribution of cases between one ward

and another will be comparatively small.

In Chapter 2 we saw that there is a strong negative correl-
‘ation between fatality rates and overcrowding. 1In Chapter 1
it was secn that fatality rates,high in the first year of
life, fall markedly during the succeeding'childhood years.

We may therefore regard fatality rate as an inverse function
of age of attack and a direct function of overcrowding. Hence,
since age of attack is lower in the more overcrowded districts

’

we might be tempted to ascribe the higher fatality rates of
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such distriets purely to the lower age of attack. In the
poorer and more overcrowded districts, children are attacked
at an earlier age and are therefore more lishle to die.

We have, however, just seen that the differences in age
of attack between very overcrowded and not very overcrowded

wards sre comparatively small. Are these Aifferences never-

theless large enough to account for the considerable differ-
ences in fatality rates bhetween the good and the bad wards?

It will be rervembered that in Chapter 2, Section 5, we
examined the effect of age-shift upon city fatality rates
by means of standardised fatality rates, the fatality rate
for each quinaguennium being calculated upon a standard age-
digribution of cases, that of the 1916-20 quinquennium. In
seeking an answer to the question that has been raised in the
previous paragraph, we may adopt the same standardising princ-
iple, though the uctuai method of anplication must bhe differ-
ent. The methed employed in Chapter 2 was akin to the "Direct
Method" of standardisation in vital statisties. 1In the pre-
sent problem the limitations of dvailable data make it necess-
ary to emnloy the "Indirect Method". Inforration is not
available concerning ward fatality rates for Aifferent age-
groups, therefore such rates cannot be directly stardardised
against a standard age-distribution of cases. We do know,
however, the futality rates within different age-groups for
the city as a whole hoth ir single years ard in quinquennia,

(Pables 25 and 36), and these city age-fatality rates mny be
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apnlied to the swre-distributions of cases in iRdividual
wards. This maneouvre will yield an "Index Fatality Rate"
for each ward, telling us what would have been the city
fatality rate if ths city had had the same age-distribution
of cases as had each Ward. The ratio of the standard fatal-
ity rate of the city to the "Index Fatality Rate" of each
ward gives us a ‘"Standardising Factor" for ench ward.
The actual fatality rate in each ward multiplied by the stand-
ardising factor for that ward yields the "Stardardised Fat-
ality Rate™ of the ward.

We may in this way obtain a standardised fatality rate
for ezch ¢f the seven wards with with we dealt in the last
section, i.e. Wards 1 to 7. These standardised fatality rates
are of course fictitious rates. Their purpose is to allow
us to compare the actual fatality rates of different wards
after 2llowance hzs been made for the differing age-distrib-
utions of cases among these wards.

It is nbt o matter of ceritical importance which standard
we chooze to employ as the standard age-distribution of fat-
‘ality rate=, provided it is ome which is not too dissimilar
from that of the wards we wish to examine. The standard th=t
has been?gggpted is the city age-fatality rate distributicn
for 1931-25, (Table Z6.)

The first step is to caleulate the index fotality rate
and hence the standardising factor for each of the seven wards.

Knowing the age-distribution of cases in each ward in 193%
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and the sge-distribution of fatality rates for the city in
1921-25, we calcul te from these the index fatality rate
for each ward. An examnle of the cealeculation is glven in
Table 89, dasling with Scarlet Fever in Ward 1. The index
fatality rate is found to be 1.1 The fatality rate for the
city in 1931-35, also 1.1, is now divided by the ward index
fatality raté, and we get a standardising factor for Ward 1
of 1.00. Similarly index fatality rates and standardising
factors are calculated for the other wards and for the other
two disesgses, Dimtheria snd Whooping Cough. The full series
of results are given in Table 90.

If we now multiply the actual fatality rates of the indi-
vidval wards by the appropriate standardising factors, we cet
standardised ward fatality rates. Although the standardising
factors have heen calculated from the 1973 age-distribvtions
of ward ceses, the factors can be employed to standardise the
fatality rates not only of 1933 but of any other period of
tire in which the nge-distribution of cases has mot departed
grossly from that of 1933. In the next two tables, Tables
91 and 92, are shown the standardised fatality rates for
.Wards 1 to 7 for the single year, 1923 and also for the 1%-
year period, 19¢24-38, the standardisations in both instances
hweing based on our 193% age-distribution of ward cases.
While we cannot be sure that the age-distribution of cases
in the 1924-%¢ period car be safely represerted by thrat of

1923, this stundsrdisetion has beern done hecause the character~



Table 89.

Calculation of Index fatality Sate and Standardising Factor.

Scarlet Fever, Ward 1, 19330

Age-Oroup City Fatality Rates Cases 100 x Expected Deaths

(1931-35) (1933)
-1 9.5 5 46.5
32 4.3 17 73.1
-5 1.5 99 148.5
-10 0.6 179 107.4
-15 0.5 70 35.0
15+ 1.1 57 40.7
All Ages 1.1 407 451.2
Index Fatality Rate - 451.2/407 - 1.1

Standardising Factor * City Fatality Rate
Index Fatality Rate

1.1
1.1

1.00

Table 90.

Index Fatality Rates and Standardising Factors, Wards 1 to 7,

Ward Nos 1 2 3 4 5

Scarlet Fever
Index Fatality Rate 1.1 1.1 1*2 1.2 1.2
Standardising Factor 1.00 1.00 0.92 0*92 0.92

Diphtheria
Index Fatality Rate 5*5 5%1 5.1 5.2 4.7
Standardising Factor 0.98 1.02 1.02 1.00 1.11

Whooping Cough
Index Fatality Rate 4.4 4.4 53 5.5 5.4
Standardising Factor 0.86 0.86 0.72 0.72 0.70

6

1.1
1.00

4.8
1.08

4.7
0.81

1955*

7

1*0
1.10

4.7
1.11

5.7
1.03



Table

91*

Actual and Standardised Ward Natality Rates, 1933*

lard No*
Scarlet Fever
Actual Fatality Rate
Standardised " "

Diphtheria
Actual Fatality Rate
Standardised " "
Whooping Cough
Actual Fatality Rate
Standardised " "

Room Density (1931)

1

0.5
0.5

6*4
6.3

5.1
4.4

1.8

2

1.5
1.5

5.1
5.2

5.6
4.8

2.1

Table

3

2.4
e 2.2

1.3
1.3

4.3
3.1

2.5

92.

4

0.6
0.55

5.6
5.6

7.5
5.4

2.0

5

2.4
2.2

5.5
6.1

5.3
5.7

2.4

Actual and Standardised Ward Fatality Rates,

Ward Nos

Scarlet Fever
Actual Fatality Rate
Standardised " "

Diphtheria
Actual Fatality Rate
Standardised ” 7

Whooping Cough
Actual Fatality Rate
Standardised " "

Room Density (1931)

1

1.0
1.0

5.2
5.1

4.6
4.0

1.8

2

1.3
1.5

4.9
5.0

4.3
3.7

2.1

3

7.0
7.1

5.8
4.2

2.5

4

0.9
0.8

5.9
5.9

6.5
4.7

2.0

5

—_—

7.2
8.0

6.2
4.3

2.4

6

1.7
1.7

0.0

4.8
3.9

2.0

1924-38.
6

1.2
1.2

4.8
5.2

6.7
5.4

2.0

1.9
2.1

3.3
3.7

3.1

5.2

1.3

1.5
1.4

4.0
4.4

2.7
2.8

1.3
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istically higher fatality rates in the more overcrowded
wards are much more appn=rent over the longer period of years
than in the single year 1933.

In Scarlet Fever and Diphtheris, the stanﬁardising factors
are all very close to 1,00, so that standardisation does not
markedly alter the actual fatality rates. In Whooping Cough,
however, there is, in most of the wards, quite a marked
difference between the =ctual and the standardised rates.

If differences in the age-distrihtion of cases in the
different wards had been the sole reason for the differences
in ward fatality rates, the standardised fatality rates, in
which allowance is made for these differences in age-distrib-
ution of cases, shcould for each disease, be the same in each
ward. We see, however, that in Scarlet Fever end in Diph-
theria the standardised rates for the seven wards rerain almost
the same as the actual rates. In Whooping Cough, where the
effect of standardisation is more apparent, the fatality
rates in the good wards and in the bad wards are brought
more closely together. Nevertheless, the differences are
nof smoothed out and the fatality rates of the worse wards
" still tend to be higher than those of the better wards.

We must conclude, therefore, that = lower age of attack
in the more overcrowded wards. is not the only factor that
causes the fatality rate;in these wards to be higher than

that of the less overcrowded wards.



CHAPTER 5

Discussion.
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Section 1

The Declining Fatality Rates.

In our review in'Chapter 1 of the trend of morbidity,
mortality and fatality rates for the city from 1916 to 1945,
we saw that the outstanding feature in the behaviour of the
four diseases was s marked and progressive reduction in fatal-
ity rates.

What reasons can we offer to account for this reduction
in fatality ratesv.

We must first consider whether the apparent decline is
real; do the fatality rates presented in the tables, cal-
eulated on the basis of so many revorted deaths per 100
reported cases, truly indicate the actual fatality rates of
the four diseases?.  So far as reported deaths are concerned,
it is a reasonahle assumption that when one of the diseases
ié stated to have heen the cause of a death, the diagnosis
was prdably accurate. On the other hand it is generally recog-
nised that there exists a wide margin of error‘betWeen report-
‘ed and actuval cases, an error which op=rates in both direct-
jons -~ failure to recognise and report actual cases, and the
reporting of cases which, had a correct dlagnosis been made,
would not have qualified for notification.

Differences in standards of notification render it a pre-
carious matter to compare incidence between two different

loealities. Similarly in one locality the standards of noti-



141
fication may have changed in the course of a score or more
of years. Parents might become more ready to eall in a
doctor, and the doctor might become more ready to notify mild,
early, atypical, and doubtful cases. |

A failure of the morbidity fate'w decline when the rate
is based on total population, indicates an increasing morbid-
ity rate when the rate is based on child populatioh,since
the proportion of children in the total population has been
fairly rapidly diminishing. It may be that this anparent
failure of the morbidity rates to fall is due to improved
standards of ascertainment of csses, e.g. by better notif-
ication. On the other hand, it may be that as the proportion
of children declines the morbidity rates may actually be
rising.

But however. much we may agree that notifications, as a
measure of actual morbidity, are inaccurate and liable to
give a false impression that fatality rates have altered
when actually it is the notifications that have altered, it
is certain that a very considerable decline in fatality rates
has taken place. Accepting.it as a fact, therefore, that
’the apparent decline is substantially real, let us now con-

sider the factors that may have brought it about.

1. Varistions in the ILethality of the Infecting Organism.
Searlet Fever has, as we know, over the course of the last

few centuries, fluctuated in prevalence and severity. 1t

seems impossible to ascribe these fluctuations solely to
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variations in the influence of such factors as climate,
hygiene, treatment, or living conditions. T+ is mofe
probable that the virulence of the cavs=tive organism has
varied. Not merely have there been variations in the Secar-
let Fever death rate, but the clinical character of the dis-
ease has from time to time undergone striking changes, at
one period manifesting itself with all the symptoms and signs
of a severetoxaemia and invasion, and>at another period,
such as in recent'years, being a relatively midd, uncomnli-
cated, and often trivial infection. Somethinz will be s=id
later concerning the part played by the many types of haemoly-
tie Streptococcus in producing the syndrome we designate as
*Scarlet Feverﬁ, and we shall meantime pass on to the other
diseases.

Prior to 1931 it had, of course, been realised that Diph-
theria varied in severity from time to time and from place
to place. In 1921 the pUﬂicQtion of the work of Anderson,
Happold, MecLeod, and Thomson, in which the three main types
of C.diphtheriae were described, initiated a new phase in
ﬁhe study of Diphtheria. The bacteriological typing of C.
‘diphtheriae has become a routine proceduvre in many laborat-
ories and in recent years much information has been obtained
about the relative predominance of the three types and about
their associated clinical features. In subsequent work the
three main‘types have been subdivided, =nd it is now known,
for example, that different subtypes of gr»vis may be res-

nonsible for either mild or severe infectiong. In Clasgow,
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where Carter has done much of this work, we mentioned in
Chapter 1 that the gravis tyve which became rredominant
in 1938 was not a particularly lethal variety though pro-
ductive of a sharp rise in prevslence. In other cities,
the temporary introduction of a highly virulent strain has
resulted in a greatly increased fatality rate. In ILeeds,
for instance, e virulent gravis strain caused a high fatal-
ity rate during 1931 and 1932. By 1935, however, this strain
had been largely replaced by mitis and the resulting clinieal
tyre of Diphtheria was much less fatal (Cooper, Happold,
Mcleod and Woodcock, 1936). Similarly, in Hull, the predom-
inante of the atypical gravis strsin, E.C.4., was attended
jn 1941 by a high fatality rate (leete, 1944).

| Unfortunately we have no accurate knowledge of the bacter-
jological types of C.diphtheriae that were predominant prior
to 1931. It is probable,hoﬁever, that some of the temporary
rises in fatalityrates that have occurred have been due to
the temporary appearsnce of a more lethal strain.

We have seen that, in Glasgow, the trend of fatality in
Diphtheria has been progressively downwards for at least the
| past 30 yesrs. It is hardly feasible that from year to year,
with minor variations, ever milder and less lethal types
of C.diphtheriae have found their way into Glasgow to pro-
duce s progressively declining fatality rate. There is no
evidence to support the suggestion that the sﬁstained dimin-

ution in fatality has been due to the pregres=sive predominance

of strains of diminishing lethality.



144 .
' in

Concerning variations/the virulence of the virus of
Measles, there is nothing that can profitably be said at
present. The stuvdy of viruses ig a rapidly developing
branch of bacteriology, and it is probable that, in the near
future, much more will be known about their nature snd habits.
We do know that the apparently same virus can exist in sev-
eral forms, possessing differing degrees of virulence. For
instance, there are grounds for the belief that the virus of
Variola Major, of Variola Minor, and of Vaccinia, are all
essentially the same virus exhibiting constant differences
in virulence (Harries and mitman, 1947, p.305). Although
there is at present no evidence, it is possible that variants
of the Measles virus may also exist. It was Brownlee's view
that the decline of a Measles epidemiec was due to a loss of
virulence by the virusg rather than to an increased resistance
in the exposed population.

Clinieally there is nothing to suggest that Measles 1s
g milder infection now than heretofore. Most children are
stillAattacked during the course of their childhood years,
. some early, some late, some mildly, and some with severe
and complicated illness. There is no evidence that Measles
is now less fatal due to some change in the character of the
Measles virus.

We are still very much in the dark about possible variat-
ions in tyve of H.pertussis. In culture, rough and smooth

phases of the organism can be recovered. The existence of
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a "Para-pertussis" variant has recently been suggested.
But on the whole the pbsition is muech the same as with Measles.
We do not know what part is played by variants of the organ-
icsm, if such variants exist, and there is no reason to bel-
ieve that Whooping Cough has become less lethal due to dim-

jrnished virulence of the causative organism.

2. Increased Resistance of the Host.

Are the children of Glasgow, while still as lisble as
ever to be attacked, more able, by reason of an enhanced
resistance, to overcome the effects of attack?

We have seen that the age of attack is an important
factor with regard tc fatality. But we have also seen,
in Chapter 2, that though there has been,in three out of
the four diseases, an age-shift of attack to a more favour-
able age, this age-shift cannot by any means fully explain
the reduction in fatality rates that have occurred. Only
jn Diphtheria was there more than a minimal difference bet-
ween the setual and the standardised rates, and even in Diph-
theria it was evident that the fall in fatality attributable
to age-shift was much less than that due to other causes,
whatever those other causes may have been. The later age
of attack cannot therefore be regarded a8 g factor contrib-
uting to a ﬁg}ial extent to the reduction in the fstality
rates.

Apart from age there are numerous other factors influ-

encing individual resistance; these, however, we shall dis-

cuss under the next heading.




146
3. Social and Environmental Faetors

The importance of a good nutritional state was referred
to early in this work, when it was stated trat it was s
factor of importance in preventing death, rether than in
preventing attack. We are not, however, in a position ace-
urately to determine the part that improvements in standards
of nutrition have played during the course of these 30 years
that have been under review. Nevertheless the part played
has no doubt been one of importance ecpecially in reducing
fatality among the poorest and formerly most underncurished
section of the population.

Overcrowding in those distriets that were formerly grossly
overcrowded has been reduced, due partly to the falling dbirth
rate and partly to the proviéion of new houses. It has been
shown how close is the correlation between overecrowding and
fatality rates and it must be assumed that a part of the
decline in these fatality rates has been brought about by
imrpovements in housirg conditions. It was observed that
the decline in fatality was rather greater in the worst than
in the best districts.
| There has taken place what may most conveniently be des-
eribed as an improvement in standards of living. Children
of'all social classes, but probably more especially in the
worst, have become better fed, better housed, better clothed.
and receive more fresh air and sunshine. feglth education,

a growing part of the work of the Public Health Departrent,
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has made parents more aware of their responsibilities and
more willing and able to carry them out. As a result the
child of today is less likely to die as a resultrof the in-
fectious diseases of childhood.

A part, and perhaps a major part, of the credit for the
decline in fatality rates must be given to the preventive
and curative services. While we saw no definite evidence
.as yet of a dramatic reduction in the fatality rates of
Diphtheria as a result of the Immunisation Campaign, the
evidence that immunised children are less likely to die is
convineing. It is safe to say that but for the campaign
the reduction in the last quinquennium would have been less.

Sulphonamides and Penieillin havé found an effective place
in the treatment of what were formerly often fatal complic-
ations of the four diseases, and as a result haﬁe contrib-
uted to the decline in fatality. But these new chemothera-
peutic and antivbtic agents are only of limited usefulness —
in Diphtheria Penicillin as an adjunct to anti-serum has
so far been used only experimentally, (e.g.Long, 1947), and
it would be wrong to claim that they alone have completely
éhanged the trend of fatality rates. The decline in fatality
rates was a process that was taking place at a rapid pace
long before the new drugs were introduced.

In a more gmeral way the Public Health services, the gen-
eral practitioners, and the public are all taking a more

active part in their efforts to minimise the severity of these

diseases of childhood. The lives of children have become more
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important than once they were. It is recognised that while
every life cannot be saved it is inexcusable that a child
should die from one of these common infeetious diseases un-
til every effort of modern medicine has been made to save
it. The earlier calling in of the doetor, a more acute
perception by the doctor that a life may be saved by vprompt
and effective treatment, the availability of a hospital bed
for every serious case, a well-trained and enthusiastie
hospital staff, all these have contributed towards the reduct-
ion in fatality.

It will bve realised,therefore, that there is no one factor
which has been responsible for sll or even most of the red-
uction in fatality. The several factors that have been ment-
joned have each contributed %0 a greater or a lesser extent.
Each factor alone is only of limited importance, but each
has played its part.

. There is no reason to believe that further improvements
will not take place. It is to be hoped that the reduction
in fatality that has so far occurred is but the commencement
of an accelerating process leading to the total elimination

‘of death as an outcome of these infectious diseases.
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Section 2
Age-Shift in Morbidity.

The infectious diseases of childhood are so cglled
because children sare chiefly attacked.Children afe attack-
ed not becasuse of their younger age, their smaller size,
their less robust constitution, but because of their lack
of previous contact with the infeection. Adults, most of
whom have experienced such previous contact, enjoy a rel-
ative irmunity. The causative organisms, so far as we
know, have no special affinity for a young host:; the sus-
ceptibility of children is the remult not of weskness but
of inexperience.

The history of Small-pox in this country gives us an
enlightening example of the behaviour of a highly infectious
disease introduced de novo into a susceptible population.
in India, Small-pox has been known since the beginning of
history- " During the Dark Ages the disease occurred fre-
quently in the Near East, and it was presumably Small-pox
that caused the abandonment of the Seige of mecca in 570 A.D.
 (Stallybrass, 131, p.475). until the epidemics of 1628 and
1634, there‘does ﬁot appear to have been much Small-pox in
England. In these first epidemics, and throughout the rest
of the 17th century, the disease especially attacked young
adults and among them produced its highest fatality. By

the middle of the 18th century Small-pox was firmly establish-

ed, and every person living in England or at any rate in the
R >



150
the cities, was being frequently exposed to infection; snd
by now Small-pox had becore = disease predominantly of
childhood. "wo mother could eall her child her own till
it had had Small-pox™. During the next, i.e. ﬁhe 19th
century, the pendulumr began to swing in the other direction.
The disease became less prevuslent, and finally died out.
But as it did sc once more the weight of the attaek was con-
centrated not on children but on young adults, "and this
change was by no means wholly due to vaccination in infancy
protecting the younger children" (Burnet, 1940, from whom
this sccount of Small-pox has largely been taken)

Thus we have seen the full cycle from the first appear-
ance to the practical disappearance of an infectious dis-
ease. When the disease has become fully endemie, only the
youngest members of the community are susceptible to its
attack. But as prevalence diminishes the young adult pop-
ulation no longer enjoys the same degree of relative immunity,
until finally it is they, and not the children, who are
chiefly attacked.

This is an example of long-term age-shift, 2 process
connected with the epidemic-endemic relationship between
the population and the disease.

Can we on the same basis explain the age-ghifts that were
demonstrated in Chapter 2 1s the endemicity of Scarlet

Fever increasing, and of Diphtheria, Measles and Whooping
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Cough decreasing? Surely one of the features of the trend
of these four diseases durirg the 30-year period has been
the maintenance of morbidity at a fairly comstant level.
Apart from periodic flﬁctuations, and a wartime deecline in
Measles, each of the diseases is occurring as frequently as
it did 30 yesrs ago. There is nothing to suggest that any
of them is becoming more, or less, endemic.

The next possibility that may be discussed is that there
has been some change in the pathogenic organism so that it
tends to attack a different age-group. We assume that
children are attacked more often than adults because of the
immunity that adults have acquired from past exposure. If,
however, there occurs a change in the strain of prevailing
organism, it might be that the new strain was one of which
the older children and adults in the community had no
previous experience. Their advantageous position and rel-
ative resistence would cease to exist. While the younger
children would be in the same immunological state towards
the new a8 towards the former strain and would not necess-
airly be attacked any more freguently than before., there

would be an absolute inerease in the number of cases among

the older children and the adult population. As a result

there would be a relative age-shift of incidence towards the
adult side.
In view of our knowledge of different strains of C.diph-

therise, the above suggedion seems at first worthy of some
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consideration, bBut if our present knowledse of these strains
is accurate, the suggestion becomes untenable. In Glasgov,
as we know, the change-over in predominance from intermedius
to gravis took place in 1938. There has heen no sudden
change in age-distribution of Diphtheria cases at or about
the sare time. Age-shift in Diphtheria has heen s process
that has been more or less continous from at least 1903.
It is difficult to conceive that this long-continued process
could have been due to a continuing change in the predomrin-
ant strain of causative organigm.

A further objection is thnt there are at present no
gounds for believing that differing antibody reactions are
produced in response to infection by different strains of
C.diphtheriae. While some recent doubts have been cast on
this view, by reason of the less effective protection siven
by the =tandard prophylac*ic toxin (Park-William) against
gfavis infections than againgt infections by other types
(e.g.Russell, 1947), these doubts seem adequately met by att-
. ributing to gravis a higher degree of invasiveness with more
rapid toxin-production and tissue-fixation than that of
other typeé. Thus prophylaxis w}ll be less effective against
the more agressive type. There is no reasgon, therefore, to
suppose that adults protected by previous contact with one
gtrain should be at a relative disadvaniage or, rather, cease

$0 have an advantage, when the prevalent strain undergoes

g change. Their immunity is to all strains, and a strain
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gufficiently virulent to overcome their immunity will attack
much more readily young children who have no immunity of sany
gsort. Accordingly, we have no reason to expect any change
in the age-distribution of attacks. This view is supnorted
by Burnet, who, without offering grounds for his opinion,
expresses himself thus (1940, p.195 ):-= "When a new, more
virulent strain apvears in a community, the increase in
the number of cases is chiefly due to an increase in the
ratio of clinical to sub-clinical cases. 1In all suech out-
breaks due to a more virulent type of a micro-organism already
endemic the age-distribution of disease remains much the
same as previously. ZEven the sudden wideesbread appearance
of Diphtheria in many parts of the world afdund 1858 affected
almost entirely young children. So did the more severe
epidemics of Sczrlet Fever which occurred ten br twenty years

later".

1t was the view of Sir Shirley murphy, (1907), that the
age-shift in mortality in Diphtheria which he showed to
have occurred in London =t the end of the last century was
due to the increasing aggregation of children in elementary
schools. Applying the same hypothesis to morbidity, it

breaks down completely in view of the continuation of age=-

shift though so many years.

A fourth possible explanation for age-gshift, and one

which too we are unable to support, is that while the age
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of attack has remained constant within the different social
groups, there has been a transfer of cases from one sogcial
group to another. If, in a social group in which the age
of attack is always high, an increasing number of cases
tend to occur, then for the city as a whole the net result
would be an age-shift from a lower to a higher age. In
Chapter 3, Section 2, we saw that in Scarlet Fever and
Diphtheria the attack rate was falling in fhe better groups
of wards, and rising in the worst. 1In Measles and Whooping
Cough the movement was in the opposite direction. Now in
each disease the mean age of attack is slightly higher in
the better than in the worse wards. Thus, a relative fall
in incidence in the good wards, a8 in Scarlet Fever and Diph-
theria, would have the effect of lowering the age-distrib-
ution of cases for the city; and similarly a relative rise
in inecidence in the good wards, as in Measles and Whooping
Cough, would raise the age-distribution for the city.

‘But here we are faced with the difficulty that this sug-
gestion postulates for Diphtheria an age-shift which is act-
ually in the opposite direction to that which has occurred.
Further, as we saw in Chapter 4, when we examined the age
of attack in seven wards in 1933 and 1945, the age of attack
in each ward, at least in Diphtheria and Whooping Cough, 4id
not remain steady but roved up or down with changes in the
age-distribution of cases for the whole city. It does

not seem that age-shift for the city as a whole can,
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therefore, be explained by the relative transfer of cases
“rom an environment where age of attack remains low to one
where the age of attack remains high.. In the absence of
very much more complete data concerning changes in incidence
and age of attack in the different social environments, with
whieh a much fuller examination of the problem might have
been made vossible, we shall have to regard this fourth
possibility as highly doubtful.

The fifth and final suegestion trat will be put forward
to account for age-shift in morbidity ceoncerns the diffemnt
"speeds at which the hirth rates have diminished and living
eonditions have improved in the different social groups of
the eommunity. We are not concerﬁed, however, with the
effeet of the diminishing birth rate upon the age-constit-
ution of the population. We have already seen thut age-shift
cannot adequately be explained by this altered age-constit-
ution of the popul:tion. What we are now interested in is
the smaller family size and the reduction in overcrowding
that have bben the results of the diminished birth rate.

Gegenbauer (1937, aquoted by Wright, 1929) thought that
age-shift in Diphtheria might be associated with, i) a lack
of Diphtheria in post-war years, and a consequent increase
in the number of unimmunised children in the later age-
groups, and ii) the larger number of small families, which

results in a larger nurber of children having treir first

encounter 'ith infeetion in their school years.
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In suvpvort of the second of these two factors, evidence
of a most convincing character has been produced by Cheese-
man, Martin and Russell, (1939), in their very thorough
investigation into varistions in age-incidence of Diphtheria
in London. Russell,(1943), has summarised some of the
results of this investigation in a later table, which is
worthy of reproduction, (Table 93), though de=aling not
with case rates, but with death rates. 1t is obvious that
in the best social group there has been a very constant
ratio of d=zath rates between the 0-5 and 5-15 age-groups.
in the worst social group, however, this ratio has rapidly
diminished, indicating a relative transfer of deaths from
the lower to the higher age-group.

In addition to demonstrating am age-shift of deiths and
showing that it has occurred chiefly in the worst social
group, Cheesman,Martin and Russellwere able to demonstrate
that an age-shift of morbidity had also occurred, again chiefly
in the worst social grounv.

It seemed to them desirable to attempt to demonstrate
which of - two possible factors operating in the worst
social group was the major cause of the age-shift, i) reduction
in family size, or ii) environmental inprovement. With both
of these factors changes had been much gre~ter in the worst
than in the best social groups. 8y means of coefficients

of partiasl correlation trey showed that reduetion in family

8ize wag the more important factor.




Table 93.

Death Rates from Diphtheria per 10,000 of the Population, and the

Ratio of the Death Rates at Ages 0 -5 years to those at Ages
5-15 years in Two Groups of London Boroughs representing Social

Class I (best social conditions) and Social Class TV (worst social

conditions). (Russell).
Years Social Class 0-5 5-15 Ratio
1911-13 1 551 2.61 2.11
v 9.36 1.47 6.37
1919-23 I 11.09 4.98 2.23
v 19.05 437 4.36
1929-33 I 5.23 2.42 2.16
1A% 7.23 1.93 3.75
1937-38 I 3.63 1.75 2.05

v 3.74 1.62 2.31
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Iti is an attractive hypothesis that in the poorest distriects
where, during the last half-century or so, environmental
improvement and decline in birth rate have been congiderably
greater than in the best districts and where as aresult,
standards of living have been rising and approaching towards
those of the best districts, the age of attack and of death
in Ddphtheria has also been approaching towards that of the
best districts. The result, for the area as a whole, is an
age-3hift of cases and of deaths to a later age. It is
diffieult to find fault with this explanation of age-shift
in Diphtheris in itondon. The investigation was carefully
and thoroughly carried out, and the statistical evidence is
convincing.

Can we explain in similar fashion the age-shift of Diph-
theria in Glasgow, and is the same explanation applicable
also to meadles and Whooping Cough? We have seen that it
is in the worst distriets of Glasgow that the birth rate
has most rapidly declined. In the best distriets the‘birth
rates seems actually to have risen. Presumably, therefore,
the size of the families in the worst distriets is falling
and approaching that of the best districts. Hence the age
of attack may be fising in these worst districts and pro-
ducing an age-shift for the city as a whole, in the sare
way as happened in London. In our investigation of age of

attack in seven wards in 1933 and 1945, (Chapter 4, section

2) we were unable to show that in Diphtheria and Whooping
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Cough changes in the mean age of attack were any greater
in the worst than in the better wards. But perhaps a more
extensive survey, with more wards and over a wider period
of time, might have brought to light evidence of such
changes.

It has not been possible to show that the same explanstion
that hest accounts for age-shift in Diphtheria in London also
accounts for age-shift in Glasgow. mevertheleés, it seems
that in Glasgow the age-shift in porbidity in Diphtheria,
measles, and Whooping Cough can best be explained by a more
rapid reduction in birth rate and in family size with a
consequent raising of the age of attack in those parts of
the city where poverty and overcrowding have heen gre:test.

The age shift in morbidity in Scarlet Fever, opvosite
jn direction to that of “he others,will require special
discussion. This we shall leave over to Section 4, and we
shall meantime pass on, in the next section,to the discussion

of age-shift in mortality.
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Section 3

Age~Shift in mortality.

In 1937 Picken pointed out that the age-shift in Diphth-
eria that had been described by several writers had, in alrost
all instasnces, been an age-shift in mortality. Only Chalrmers
(1913 had produced evidence of an age-shift in morbidity.
~Mortality being the resultant of morbidity and fatality,
Picken procrceded to explore these two factors to determine
whether one or other was the more concerned in producing
age-shift in mortality. His conclusion was that sge-shift
~in mortality was due in London to a change in age-fatality.

In Manchester and to some extent in Glasgow he was able

to demonstrate a similar change in age-fatality. "in all

 three cities the most prominent factor in the recent increase

or arrest in thé decline, cf fatality at all ages nnder 15
years has been a rise in fatality at =ges 5-10, although the
small changes in Glasgow are equivocal”.

We may in this connection refer to Table 36, where we
see that from 1926-30 to 1931-35 the fatality rate of Diph-
theria in Glasgow rose from 2.2% to 4.2% in the -10 age-groun.
But the rise in the -15 age-group from 1.2% to 2.4% was rel-
atively grezter. 1In all of the other age-groups, 35S wWe pre-
viously observed, a uniform decline in fatality has taken

place.

In Glasgow the ageshift in mortality in Diphtheris from
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the earlier to the later age-groups has been the result of
age-shift in morbidity rather than to change in age-fatal-
ity. Only in the -15 age-group has the fatality rate failed
to decline or at least to decline as repidly as in the other
age-groups.

In the other three diseases we do not find this close
parallelism between age-shift in mortality and in morbidity
that we find in Diphtheria. This, we saw, was due to differ-
ent rates of decline of fatality in the different age-groups,
the rate of decline being much slower under one year and
over ten years o6f age than in the intermediate age-groups.

What reasons can we offer for these different rates of
decline in fatality at different ages?.

In the first place, the fatality rates in the higher age-
groups are always very much less than in the lower age-groups.
Speaking of the relative failure of fatality rates in the
higher age-groups to decline, Hedley Wright (1939) said,"This
may simply mean that it 1s easier to affect a rate which
stands at 20% than one which stands at 10% or less™. In other
words, in the lower age-groups there has heen more room for
1m§rovement than in the higher agze-groups and consequently
a relatively more rapid improvement has taken place.

A second possibility is that the different rates of decline
in fatality reflect some special age-affinity between organism

and host. TFither the organism has retained an enhanced

lethality for certain age-groups, or these age-groups have
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remained unduly vulnerable. But at present suck s
possibility must remain no more than pure speculation.

A third and again very doubtful Possibility is that
relatively more cases at later ages are occuwing in the
worst social environrents where, at all ages, the fatality
rate is higher than in the better distriets. This would
tend to incrense the fatality rate at higher ages for the
city as a whole. It is most unlikely, however, bthat the
marked differences in the rates of decline of fatality at
different ages could be explained in this way.

1f the first of these three suggestions were the trve
explanation, then in the first year of life, in which the
fatality rate is highest, the relative decline in this
rate should have been greatest. But we have seen that this
has not happened. In Scarlet Fever, Measles and Whooping
Cough, the -1 year fatality rate has failed to fall as
rapidly as in the -2, -5 and -10 age-groups. Why should
the fatality rate within the first year of 1life have falled
to come down as rapidly as at pre-school and early school
agesT.

Perhaps the apparent trend of fatality in the -1 age-
group is false. Practitionecrs may perhans nowadays be more
hesitant to notify as suffering from these infeetious dis-
engses infants in their first year of life: fewer notifications,

the resl number of cases and deaths remaining constant, will
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produce an apparent rise in fatality rate. It is not
evident why Diphtheria should have been excluded from such
a possible reluctance to notify: and while there is, in
Searlet Fever, some justification for eaution in notif ' ying
cases ocecurtring in thke first year of 1life, it is difficult
to see why a similar attitude should have been adopted wih
regard to Measles and Whooping Cough.

Perhaps on the other hand the trend of fatality at pre-
school and early school ages is false, due to improved
measvures of ascertainrent of cases at these ages. If cases
previously missed at these ages are now being reported, an
artificially accelersted decline in fatality rate would
result. Hence the fatality rate in the -1 year age-group
would appesar to be falling less rapidly.

If, however, we accept it as a fact that in the first year
of life the fatality rate has fallen less rapidly than at
later ages it is difficult to offer any satisfactory explan-
ation of why this should be so. 1t cannot be due to a less
effective response in infancy to Sulphonamide therapy since
the slower decline in fatality in the first year was clearly
visible long before the introduction of Sulphonamides. 1t
would be unreasonable to sumppose that the organism that attacks
infants is di“ferent in its lethality from that which attaeks

older children; inTants have failed to develop resistance

to the effects of attack to the same extent as older children.

Whatever factors have been ingrumental in increasing the
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resistance of older children have been less effective in
infancy.

The relatively high fatality rate within the first
year of life, and the failure of this rate to decline to
the same extent as at later ages constitutes one of the
remaining serious problems in the elimination of these

diseases as a cause of death among children.
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Section 4

The Anomalous Behaviour of Secarlet Fever,

In Chapter 2 it was seen that in Diphtheria, Measles,
and Whooping Cough there had been an age-shift in morbidity
towards a later age. In Scarlet Fever there hsd been an age<
shift in morbidity towards an earlier age (exeluding the
first year of life). In Chapter 4 it was seen that this age-
shift in Scarlet Fever seemed to have been occurring especi-
ally in the more overcrowded wards of the city.

Here then we have a diséase behaving in a mahner differ-
ent from that which we might expect. ¥alling 5irth rate, changes
in the agze-constitution of the population, diminishing family
size, improvementsin social environment, all these might
lead to a later age of attack. But in Searlet Fever the
age of attack has moved to an earlier,not a later, age.

Moreover, the incidence of Scarlet Fever is apvarently
no greater in districts that are grossly overcrowded than in
districts that have little or no overcrowding. In fact, in
proportion to the number of children living in the various
grades of social enviroment, Scarlet Fever seems to be con-
spicuously more prevalent in the better enviroments than
in the worse. In the other disease any tendency in this
direction is very slight, though rather more in Dirhtheria

than in Measles and Whooping Cough.

1t hes been scen, too,th-t while this negative correlation
between Scarlet Fever case rates and overcrowding has heen
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maintained at least since the heginning of this century,
there are now some indications that the degree of negative
correlation is becoming less, the relative excess of prev-
alence in the best wards having been reduced.

On the other hand, the fatality rate of Scarlet Fever
follows the general rule, and is invariably higher in the
poorer districts.\

The mean =age of attack in Scarlet Fever was found to be
higher in the better than in the worse wards. This finding
is of some importance. In view of the other "abnormglitiesn
of the disease that have been demonstrated it would have
been no more remarkable if the mean age of attuck in the
better wards had been found to be lower than in the worse.

We might then hzve attempted to explain the "downward" age-
shift in Scarleé Fever, by suggesting that, as social improv-
ement took place in the worse wards, the age of attack in
these wards had dropped towards trat of the better wards.

We might then, however, have some di“ficulty in accounting
for the lower age of attack in the better wards. This diffi-
cﬁlty does not, of course, nrise, since there is no reason %o
doubt that the age of attack is definitely higher in the better
than in' the worse wards. bBut a problem of at least equal
difficulty arises; if the age of attack in the worse wards
is already lower than in the better wards, and in the worse

wards the age of attack is becoming still lower, while it

remains stationary in the better wards, the age of attack
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in the worse wards, in which social conditions are improv-
ing, and therefore approaching towards those of the better
wards, is lowering away from,instead of rising towsrds, the
age of attack in the better wards.

Our object now is to try and offer a solution to this
apparent problem, and at the same time explain the downward
age-shift in morbidity for the city and the relatively higher,
but diminishing, prevalence in the better districts.

Discussing his findings in Glasgow th=t ag overcrowding
increased, the incidence in Scarlet Fever decreased, Brown-
lee commented "No matter how much stress may be laid on the
lack of rotification in the lower (i.e. mere overcrowded)
parts of the city as explaining the discrepancy, such a
difference cannot be explained away". (Woods, 1923).

On the other hand, discussing the same diserepancy in
Liverpool, Stallybrass (1931, p.459) says, "This observation
is,‘in my opinion, entirely fallacious and the true incidence,
as shown by the resuvlts of Schick and Dick tests, 1s probably
hesvier in the more crowded zones, but owing to more fre-
quent failure on the part of parents to consult a doctor
in the poorer parts, a large number of cases escape notif-
fication". 1In support of this view, Stocks (1953?3a€g§t there
are good reasons for believing that while notificatiors in
general are deficient they are especially so in the lower
scecial districts.

The sccevrtance of this hypothesis that notifications in
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the worst distriets have been defective provides us with
a full explanation for a1l the apparent asbnormalities that
ve have seen. The missed cases in the poorer distriéts
would on the whole have a lower are of attack than would
the cases actually notified for the whole eity. Improve-
ments in the standards of notification would have thre
effect, trerefore, of increasing relatively the number of
cases in the lower age-groups, and there would occur, for
the city as a whole, an apparent age—shift towards an earlier
age. MOreover, the uncovering of these missed cases in the
worst districts would have the effecet of reducing the relative
excess of prevalence in the better wards, and so dim@%h the
degree of negative correlation that has existed between
case-rates and overcrowding. In would,too, probably have
the effect of bringing down the mean age of attack in the
worst wards.

The completeness with wrich this hypothesis of defective
but improving notifications accounts for the facts renders
it an attractive one, But it is not necessarily the true
explanation. Admittedly the signs of the presence of Scarlet
Fever often are slight and fleeting, and might be more often
missed in the slums than in the better districts. The parents
might have been less ready to call in a doctor. sut is that
enough to account for the missyg% perhaps a thousand or more

cases of Scarlet Fever in the poorer districts in a yeare

As parents have become more vigilant and more ready to call
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in a doctor, the disesnse has been becoming milder and
perhaps less easy to recognise; thus,even with improved
standards of notiication, more cases are not necessarily
veing reported.

1t is, moreover, an undoubted faet that the general
publie in Glasgow regard Searlet Fever, while not necess-
grily as a dangerous disease, at least as a serious one.
The reputation for deadliness which Searlet Fever acquired
in the latter half of the last century has been slow to die.
While Measles and Whooping Cough are regarded as trivial
afflietions from which most children will soon recover at
home, notification, the "fever" ambulance, hospitalisation,
and houvsehold disinfection all testify to the publiec the
seriouvsness of Scarlet Fever. 1t is doubtful,therefore,
in these circumstances, that the number of cases that have
escaped notification is sufficient to justify the view

expfessed by Stallybrass.

An alternative explanation comes from Hilda Woods (1933,
page 25) "There is of course the possibility fhat children
in erowded dwellings build up a greater imrunity to infection—
one case, by sub-clinical doses of infeetion, may produce
immunity in other members of the family. The result would
be a lower sttack rate among children in pcor houses than
among those living under hetter conditions. But one would

expect such a condition to hold for London as well as for
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Glasgow". Let us see now how far the sugeestion of immunity
by sub-clinical infection can exvlain the facts.

In 1899, Adami described g condition in which bacteria,
such as B.coli, from the intestinal trasct were carried by
the lymph and the blood to other tissues and organs where
they were speedily destroyed. Norrally no "illness" was
produced. Since then it has been recpgnised that in many
diseases a not dissimilar condition can arise. 7Pathogens
gain entry into the body, but are destroyed before their
arises any gross evidence of their invasion. nNeverthesless
this imperceptible encouter between organism and host may
endow the latter with a much increased immunity towards
. subsequent attack by the same organism. Various terms have
been employed to describe this invisible process.. The infection
has been described ns sub-clinieal, "inapparent, silent or
latent; and the immunity as sub-clinical, latent, Origgggtive.

Stallybrass states that the condition has been recognised
to oecur in Tuberculosis, Leprosy, Enteric Fever, Typhus,
Cholera, Undulant Fever, Polimyelitis, Cerebro-spinal Fever,
Yellow Fever, Dengue, Measles, Small-pox, Whooping Cough,
Diphtheria, and Scarlet Fever.

Perhaps the most interesting and convineing sccount of
latent immunisition has heen given by Dudley in his studies
of infectious disease, especially Diphtheria, at the Green-

wich Hospital School (1923, 1926, and 1934). He demonstrated

that boys entering the school with a positive Schick reaction
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gave a negative reation some years later, that to change
over from positive to negative a boy did not require to
have had a frank attack of Diphtheria, that the rate of
change from positive to negative was a funetion not of age
but of duration of residence at the school, and that the
change-over from positive to negative occurred mainly at
definite periods of time coineiding with epidemics of elini-
cal Diphtheria in the school. "Thus during an epidemic of
Diphtheria thers is a coincident epidemic of immunication
to Diphtheria" (Dudley 1923). Every visible epidemic—
an epidemic of cases of clinically recognisable Adisease, —
is accompanied b> an invisibvle epidemic -~ an epidemic of
concealed but immunis.ing infection.

Though his studies in Scarlet Fever were much less dctailed
than those in Diphtheria, it was Dudley's opinion that this
same latent immunity occurred also in that disease. 1In
measles, the work of Stocks and Karn (1928) in the St.Pancras
Borough of London produced evidence that latent immunisation
of limited duration occurred in a certain number of children
who were in contacﬁwith clinical cases of the disease.
Similarly in Whooping Cough, Stocks (1933) was of the opinion
that the same process was at work.

As a preliminary to further discussion of latent immun-
isation as a possible explandtion for the anomalies in the

behaviour of Scarlet Fever in Glasgow, let us loor for a

moment at some of Dudley's conclusions eoncerning the ecologiecal
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relationship between organism and host, and the mechanism
of infection. We quote from his second Medical Research
Council Peport,(1926, nasze 56.):-

1) A certain minimum mass of infective aszent is required
before the dependent organism can establish itself in its
host.

i1) Less than this amount will be destroyed by the host,
and cause some alteration in the degree of resistance.

iii) Time spent in an infective environment therefore
becomes of importance, not only as regards the number of
oprortunities of receiving an infective Aose 1s a whole,
but because sub-infective dosescan be surmed to an infective
one, or destroyed, thereby altering the resistance of the
host.

iv) The quantitative factors of time, mass/ggfective agent,
and degree 6f host resistance, make it essential to introduce
three,'velocities‘ into the study of infection.

a) The velocity at which the infective material is
received by the host. |

b) The velocity at which it is destroyed by the host.

e¢) The velocity at which the host resistance alters
in a positive or negative direction.
The resultant of these three is the 'velocify of infection'
on whose magnitude d-pends the final result of the reaction

between the host and the dependent organisms. This result

may be an illness, mild or severe, the establishment of
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tolerance (i.e. commensalism or the carrier state), or the
destruction of the varasite: and in all cases there will be
a change ir the host's defensive mechanisms for hetter or
worse.

Keeping these conclusions of Dudley in mind, let vs con-
sider the special features of Scarlet Fever which may perhaps
distinguish it ecologically fror the other diseases. 1In
the first place, what do we mean by 'Scarlet Fever'?
Scarlet Fever is a disease-syndrome caused by heta-haerolyt-
ic streptococei of Group A, i.e. Str. pyogenes. The syndrore
is chafacterised by:-

i) an inflammatory reaction at the site of invasion.

ii) a generslised rash caused by the erythrogeniec exo-

toxin of the streptococcus.

Allison (194?) renorts that in a series of RNN consec-
utive cases of Scarlet Fever, there were isolated 21 differ-
ent serological tyves of Str. pyogenes, types 1, 2, 3; and
4 accounting for just over half the cases. Furtherrore, the
gsame serological type that in one individual produces Scar-
let Fever may in others cause tonsillitis, otitis, puerper-
al sepsis, erysivelas, cr other manifestation of strepto-
coccal infection.

The occurrence of Scarlet Fever in an individnal irnfect-
ed by Str. pyogenes devends on the organism's ability to
produce erythrogenic toxin, and on the host's susceptibil-
ity or immunity to the toxin. Scarlet Fever is therefore

rerely the occasional manifestation of infection by an
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organism capable of revealing its presence by protean mani-
festations.

The carrier rate of beta-haemolytic streptococeci in the
general ponulation is variously reported at from 54 to 30%.
The carrier rate of C.diphtherise is normally much lower.
1t is doubtful whether true carriers of the Measles virus
angd of the Haemophilus pertussis exist.

Returning to Dudley's ‘'velocity of infection', we remem-
ber that small doses of the organism may, if rapidly received,
have the cumulative effect of producing c¢linical 1llness.
Similar doses received more slowly may each be overcome by
the natural resistance of the host without visihle evidence
of the attack. Nevertheless some specific resistance in
the host towards that organism may be established, i.e. some
degree of latent immunity. The latent immunity so produced
may be of short duration. If, however, further minor stimult
are received before the immunity has completely disapneared
the immunity will be reinforced. 1t will rapidly soar to
a higher level and will be of longer duration. Repetition-of
Such gtimuli 2t occasional intervals may have the cumulative
effect of producing a degree of immunity as high and as
permanent as that produced by a frank clinical illness.

The response of the host to the stimulus of infecting
doges will not necessarily be the same for ewch variety of

pathogsenic organism . In Measles and Whooping Cough, the

high degree of infectiammess of the causative organism renders
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it probable that even a small dose will vroduce clinical
illness. In a minority of instances,however, the host may
receive a succession of doses anall enough to permit of the
building up of some degree of latent immunity. As epidemics
are of fairly short duration, and recur only at intervals
of about two years, this latent immunity may have disappeared
entirely by the time the next epidemic occurs, and the rikk
of patent illness is now no less that it was in the first
instance. Thus the majority of chilren sooner or later suffer
a visiblg attack from these diseases, and usually, it is
probable, at the first exposure.

In Diphtheria, the orgarnism is less infectiouvus; epidemies
are less intense but more prolonged. The epidemiological
behaviour of the disease is one of periodie intensific~tion
of an endemic state. The chances of receiving a succesgion
of small doses are therefore greater and a hetter opport-
unity occurs for the building up of a ﬁérmanent latent immunity.

Scarlet Fever exhibits a rather similar epidemiological
pattern of behaviour; but the multipliecity of typés of causative
organism, the high carrier rate in the general population,
and the numer:ous non-Scarlatinal infections due to types
capable in suitable subjects of producing Scarlet Fever

render the chances of repeated contact with the organism very

much greater.

Returning now to the consideration of Senrlet Fever in




175
Glasgow, in the poorer districts of the city, where the

families are large, and overcrowding is intense, the child
has its first encounter with the strevtococcus pérhaps
within the first few hours or days of its life. ZTven if
none of *the family circle is at that moment a disseminator
of streptococci, within the matter of wecks one at lesast

of the older children will come in contact with the in%ection
at school, and will bring it back into the home. Crowding
being extreme, the young infant will hardly escape a dose
or repeated doses of streptococci. But at this easrly a-e
the infant is immune, due to the antibodies it has acquired
from its mother. It does not develop Scarlet Fever. 1Its
inherited immunity, by now perhaps beginning to decline
received a re-inforcing stimvlus; or more properly, while
tre inherited passive immunity is still przsent, the infant
receives its first stimulus towards the Jdevelopment of
active immunity . A few days or weeks later a further dose
of streptococei is received and this active imm:nity is still
further‘re-inforced. So thre process is repeated until the
succession of stimuli culminuate in the establishmentvof'a
high degree of lasting active immunity. At no time during
infaney, pre-school, school or later life is the subject
free for long from bombardment with streptococei. His
immunity is strong, and durable, 'nd at no time in his 1ife
does he develop 'Scarlet Fever'.

Every infant, however, born irto such an envirorent will
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not necessarily undergo exactly the same experience, At any
time during infancy or childhood he ray receive a ma-sive
dose or a very rapid succession of doses sufficient to over-
come such immunity as he has succeeded in establishing. He
may then &evelop clinical, notifiable Searlet Fever. As
his inherited immunity is strong, however, this is not likely
to havpen within the first six mronths or even perhavs twelve
months of life. |

In this grossly overcrcwded enviromment, therefore; the
probability is that the c¢hild will either develop an early
and permanent immunity, or failing to develop an immunity
powerful enough to resist the high infectivity of his environ-
ment, he will, at an early age, suffer a frank attack of
Scarlet Fever, thereafter becoming immune.

At the other end of the social scale, where the family
is small, and overcrowding is absent, the child is sheltered
in his early years both from small and larges doses of
streptococci. He sleeps by himself and plays with few other
children. He comes into close contact with few adults.
Occasional doses of strevtococei may come his way, but these
are too =mall to preduce clinical illness, and too infrequent
to build uv more than a transient immunity. When he goes
to sechool it is not long before he receives a massive infection
resvulting in frank Scarlet Fever.

Retween these two extremes of social environment the




177
frequency and strength of dosage with streptococei and the
child's resvonse to these will run an intermediate course.
On the lower half of the social scale, early imrunity or
early clinic=1 illness are to be expected: on the upper
half of the scale, no early immunity and late clinmeal illness
are more probable.

As aresult we may expect to find relatively fewer cases
of Scarlet Fever in the worst districts than in the best,
but the =2ge of attack of the cases that do occur: in the
worst distriets will tend to be lower than the =zge of attack
in the best districts.

If, now, in the very worst distriects,where =n early and
lasting latent immunity is perhaps the most usual result,
we begin to reduce the family size and the degree of over-
erowding, the chance of the infant receiving small frequent
immunising doeses from birth, i.e. during the vperiod of
jnherited irmunity, is reduced, and the child is more liable
at an early age to respoqd to a massive infeetion by developing
a'clinical illness. Thus more clinical cases will occur
in this environment and many of these cases will occur at
a very early age. As a result the mean age of attack in
this social group will tend to fall.

With still further improvement in social conditions the
chances of an early latent immunity being established are
still further reduced, but so too are the chances of receiv-

ing at a very early agfe a massive 'pathogenic' dose of
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streptococci. Thus the mean are of attack will begin to
rise again. A continuation of the process of improvement
in soeial conditiors in the worst distriets will ultimately
bring the age of attack in these districts up to the level
of what are now the better districts.

If the number of children in the better districts inereases
instead of decreases, young children in this environment are
likely to receive doses of strevtococci from their elder bro-
thers and sisters. Overcrowding not being marked, however,
these doses are likely to be small, and more liable to pro-
duce latent’immunity rether than clinical disease. Hence
in this environment the number of cases will be reduced with-
out an accomparying lowe%ygf the age of attack.

While this account of the possible ecological rel=ztionships
between streptococcus and host is necessarily speculstive,
and at present incapable of corro§%¥ion by definite and rel-
isble evidence, it has been demonstrated by Herrman (1923),
(quoted by Stallybrass, p.278) that the familial exposure of
very young infants to Measles can nroduce an apparently perm-
anént latent imrunity,(See Table 94): If this can happen
with the highly 'pathogenie' virus of Measles, it is.by no
means unreasonsble to postulate its occurence still more
frequently with the Streptococcus pyogenes.

It seems vossible to explain the*various apparent anomslies
of Searlet Fever in Glasgow by this hypothesis of the exist-

ence of widespread latent but diminishing imrunisation in




Table 94

Four Outbreaks of Measles in a Family of 7 Children, Showing
Subsequent Immunity of Exposed Infants ( 0 ) although the Other

Children are Infected ( © )e

)

Children in Family: 1 2 3 4 5 6 7
Year of Birth: 1901 1903 1905 1907 W9 1911 1914

Years of Occurrence
of Measles.

1903 © o]

1909 0 © © Orj

1913 0 ©

1915 © 0 ©

( indicates exposure at the age of 3 months).
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the poorer distriets. The hypothesis explains the relstive
infrequency of cases in these districts, explains thevlower
age of attack of the °7%%%at do oocur, and suggestswhy the
age of attack might he falling instead of rising in the worst
wards of the city. Earlier in this gection we pointed out
the difficulty of reconeciling with improving environmental
conditions a falling ace of attack in these wards. By our
hypothesis, however, when the social environment has improved
to a certain extent the age of attack will commence to rise
again, and will move towards that of the best districts.

In Glssgow, therefore, the =2ge-shift in morbidity in
Scanet Fever towards a younger instead of an older sage can
" be attributed to the same factors that are producing an age-
gshift to an older age in the other diseases, i.e. improvement
in social conditions and redvetion in familjsize in the
worst districts of the city. When the social conditions of
these’districts have improved to such an extent that latent
immunisation ig much less frequent that it has heen, the age-
shift in Scarlet Fever will crange direction, and will begin
to move towards a later age as in other diseases.

It is significant that the degree of overcrowding ir London

in 1911 (16.8% of the population living more than 2 versons per

room) was very much less than that of Glasgow in 1921(42.2% of
the population living more than 2 persons per room). On the

basis of our hypothesis of latent immunisation, we can explain

the absence of negative correlstion in  London be-
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tween Scarlet Fever morbidity and overcrowding, and the age-
shift in morbidity to a later age instead of to an earlier
age, by postulating that in Iondon the improvement in socisl
conditions has long since passed the stage at whieh it
produces more cases at an early age in the worst districts,
and is now at the stage at whickr it is brin;pibout a later
age of attack and a decréase in the number cases in these
distriets. Thus in London both incidence and ace of attack
in the worst districts should be aprroaching towards those
of the better districts. The degree of overcrowding in
London is so small,and in Glasgow, so large, that thewepidemi-
‘ological behaviour~of Scarlet Fever in London is already

at a stage which in Glasgow 1t may not reach for many years.

Two suggestions have now been made to account for the
apparently anomalous behaviour of Scarlet Fever in Glasgow,
The first is that actual clinical éases in the poorer districts
are frequently missed and fail to be notified. The second
ijs that a large number of cases in the poorer distriets do
not assurea visible form; they remain subelinical infections,
and hence cannot be notified as Scarlet Fever.

1t might perhaps te thought, as apparently Stallybrass
did, that the presence of large numhers of Dick-negative
children in the poorer distriets should suggest that the
real Scarlet Fever incidence in these distriets is mueh

higher than the notificationsseem to indicate. As Friederann,
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(1928) has also observed, "the Dick test beoomes regative
earlier in the city than in the country, and among the poor
than among the well-to-do".

But this observation is only of limited value. It does
no mare than tell us that immunity to the toxin of Scérlet
Fever imB developed earlier in the poorer distriets than in
the better ones. It does not tell us whether this immunity
ig the result of clinical or subeclinical infection. Accord-
ingly, it does nct help us to decide which of our two hypo-
theses is more likely to he the correct one; it merely
suggests thet exposure to the streptococcus oceurs at an
earlier age =mong the children of the poor.

Against both of these two possible explanations that have
been but forward objections can readily be made, not the.
least being that both nre conjectural and not based to
an adequate extent upon solid evidence. It may be, as is
‘most  probable, that there is truth in both>of them. Until
we know more ahout the ecological and immunological relation-
ships between organism and host and, more particularly, about
the speéial and complex part played by the haemolytic strepto-
coccus as n parasite of man, we-cannot Hope fully to under-

stend the epidemiological behaviour of Searlet Fever.




182

References.

Adami, J.G. (1899) J. Amer. med. Assn., 33; 1506, 1572.
(Quoted by Stallybrass, l951).»
Allison, V.D. (1942) "Control of the Common Fevers",
Chap. 2. (Streptococcal Infections).
Anderson, J«3., Happold, F.C., Mcleod, J.W., and Thomson,
R. (1931) J. Path. Bact., 34: 667.
princker, J.A.H. (1938) Proc. Roy. Soc. Med., 31l: Sect.
Epidem. & St. Med., 33. (A Historieal,
Epidemiologieal, and Aetiological Study
of Measles).
Brownlee, J. (1917) Med. Res. C. Spec. Rep. No. 18.
(Quoted by Woods, 1933).
Burnet, F.M. (1940) "Biological Aspects of Infectious
Disease".
Butler, W. (1945) J. Roy. Stat. Soc., 108; 259.
Carter, H.S. (1943) J. Hyg., 341. (Diphtheria in Glasgow,
1934-1942).
Chaimers, A.K. (1913) Ann. Rep. M.O.H. Glasgow, AppX. p.234.
(1930 )"Phe Health of Glasgow, 1818-1925".
Chambers, E.G. (1946) "Statistical Calcuvlation for He~
ginners".
Cheeseman, E.A., martin, W.J., and Russell, W.T. (1939)
Je Hyg., 181. (Diphtheria. A Suggested
Explanation of the Relative Change in

Age-Incidence).




1R3

Cooper, K.E., Happold, F.C., Mcleod, J.W., and Woodeock,
H.E. de C. (1936) Proc. Roy. Soc. ved., 29;
Secet. Path., 5. (Review of the Observations
that have Accumulated with regard to the Sig-
nificance of Diphtheria Types in the ILast Four
Years, 1931-35).
Dudley, S.F. (1923) Med. Res. C. Spec. Rep. NO. 75. (The
Schick Test, Diphtheria, and Secarlet
Fever).

(1926) med. Res. C. Spec. Rep. No. 11ll. (The
spread of Droplet Infection in Semi-
isolated Communities).

Dudley, S.F., May, P.M., and O'Flynn, J.A. (1934) med. Res.
C. Spec. Rep. No. 195. (Active Immun-
igsation against Diphtheria).

Friedmann, U. (1928) lancet, 2; 211. (Epidemiology of
Children's Diseases). _

Gegenbauer (1937) Wien. Klin. Wschr., 1; 1004. (Quoted

by Wright, H.D., 1939).

Halliday, J.L. (1928) med. Res. C. Spec. Rep. No. 120.

(An Enquiry into the Relationship be-
tween Housing Conditions and the Incid-
ence and Fatality of measles).

Harries, E.H.R., and Mitman, M. (1947) "Clinical Practlice

in Infectious Disease", (3rd Bd.).



184

Hermann, C. (1923) Arch. Pediatries, A78. (Immunity of
Infants to measles). (Quoted by Stally-
brass, 1931).
Leete, Hem. (1944) 4. Hyg., 184. (Diphtheria in Hull -
a review of Six Years' Bacteriological
Typing).
Long, D.A. (1947) Brit. med. J., 1; B84. (Penieillin in
the Treatment of Diphtheria).
Martin, W.J. (1942) J. Hyg., 227. (Diphtheria. The Age-
» Incidence in Iondon during Epidemic Years).
Medical Officer of Health for Glasgow. Annual Reports
for various years.
(1933) "Evidence on the Health Services".
Murphy, S. (1907) Trans. Epidem. Soc., 26; 99.
Newsholme, A, (1923) "The Elements of Vital Statisties”.
Pieken, R.M.F. (1937) Lancet, 1l; 1445. (Change in the Age
, of mortality from Diphtheria).
Registrar- General for England and Wales, (1931) Decennial
supplement. (Quoted by Harries & mitman, 1947).
(1924) Statist. Review of England & Wales,
New Annual Series, (text), 14; 57.
Russell, A. (1943) Proe. Roy. Soc. Med., 36; 503. (The
seottish Diphtheriavlmmunisation Campaign,
1941-42).
Russell, W.T. (1943) med. Res. C. Spec. Rep. No. 247. (The
Epidemiology of Diphtheria during the last

forty years).




185

Snedecor (1946) "Statistical methods".
Stallybrass, C.0. (1921) "The Principles of Epidemiology".
| Stocks, P. and Karn, M.N. (1928) Ann. Fugenics, %: 361.
(A Study of the Epidemiology of Measles).
Stocks, P. (1933) Iancet, 1: 213, 265. (The Epidemiology
of Whooping Cough).
Turner, F.M. (1923) Proc. Roy. Soc. med., 16; Sect. Epidem.
and State wed., 19. (Age and Sex Distridv-
"ution in Scarlet Fever).
Watson, M. (1927) J. Hyg., 420..
Woods, HeM. (1933) Med. Res. C. Spec. Rep. No. 180.
(Epidemiological Study of Scarlet Fever in
England and Wales since 1900).
_ Wright, G.P. and Wright, H.P. (1942) J. Hyg., 451. (The
| ) Influence of Social Conditions upon Diph-
theria, Measles, Tuberculosis, and Whooping
Cough in Early Childhood in London).
Wright, H.D. (1939) 4. Path. Bact., 49; 135. (The Clinical
| geverity of Diphtheria in Certain Cities

in Great Britain).




