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"From these things the physician must prodeed to
investigate certain others in particular, so that, when he comes
into a strange city he will understand the diseases there
endemic, and the modifications of common maladies that there

prevailr.

(Hippoerates, Airs, Waters, and Places)

"Postremo observandum est quoties constitutio aliqua
varias Epidemicorum species parit, singulas has species genere
ab illis differre; quae cum idem plane nomen sortitantur, alia
tamen constitutione generentur”.

(Sydenham, Obs. Med., I, 2, (18))

"It is a misfortune which makes the theoretical
congideration of our subject very difficult that so few
observations have been so set out and described that they can
be prudently used. There is in the whole field scarcely a
proposition which cannot be supported and also refuted from
the results of observation. This being so, some will warn us
to abstain from theory until our experience is riper. I, however,
believe that for the ripening of experience the light of an
intelligent theory is required.”

(Jakob Henle, Von den Miasmen und Kontagzien).

"If the latent cause of epidemics cannot be discovered,
the mode in which it operates may be investigated. The laws
of its action may be determined by observation, as well as the
circumstances in which epidemics arise, or by which they may be
controlled.”

(William Farr)

"When you can measure what you are speaking about and
express it in numbers, ydéu know something about it, but when
you cannot measure it, when you cannot express it in numberasa,
your knowledge is of a meagre and unsatisfactory kind."

(Lord Kelvin)



PREFACE

The quotations on the preceding page give‘a concise

plecture of the problems which were before the writer from the

commencement of the investigations which form the subject of
this Thesis. The whole work is essentially & treatise on the
reactions of communities to the introduction of new types of
infections; and the result is a discussion, from experimental,
historical, and bibliographical aspects, of a subject which is
too often neglected even in thece days of the advancement of
epidemiology.

The first part of the Thesis is for all practical
purposes a dissertation written with this end in view. It deals
with the experimental work which the writer carried out on the
immunology of diphtheria. In the introductory section it is
shown that this work was carried out in the area in which the

graevis strain of the C. diphtheriae first appeared, and in

which it has been most prevalent. Practically the whole of
these investigations were planned nearly three years ago; and
with the exception of one item (which has since been dealt with)
" the writer was able to complete the whole of the scheme before
he left Leeds to take up an appointment in London.

The second part of this Thesis deals with three
diseases, influenza, cholera, and the encephalitis which is s
rare complication of varicella. Theses three gsections have
been previously published; but they are included here becsause
they 1llustrate, each in its own way, the reactions of
communities to epidemic diseases of a new type. The writer
originally ;nténded to add an epilogue linking up these

different observations, and showing their connections, from an

L.



epidemtéological standpoint, with the problems raised by the
introduction 'of grgvis—diphtherié into a community. It was
found, hbwever, that this discussion was leading the writer
far beyond the bounds which he had set for the present work,
and he therefore decided that this general discussion muat be
the basis for a fubure investigation.

Each of the three papers which constitute the second
part of the Thesis is summarized individually. At the end of
Part I will be found a very brief résumé of the experiments
connected with diphtheria, but it will be obvious that only a
few of the points which are discussed in the text could be
inciuded in this summary.

The Bibliography for the whole of the Thesis will be
found at the end of the volume.

Note regarding publication. Section (h) of PartI

was published in The Lancet (1935, i, 364 - 68), but all the
other sections which make up Part I are quite new. Notes on
the use of "one-shot" methods appeared in The British Medical
Journal (1934, 1, 1140) and The Lancet (1935,i, 137). Other
 papers on diphtheria appeared in The Lancet (1934,i,678) and
The Medical Officer (1984,1i, 195, 205). Section (d) of Part I
will be published unaltered in the forthcoming number of the
Journal of Hygiene. Arrangements have not yet been made for
the publication of the other sections of Part I.

The section offi Influenza was published in the Journal
of Hygiene (1934, xxxiv, 409). The section on Cholera was
delivered before the Section of the History of .ledicine of the
Royal Society of Medicine, and was published in the Proceedings
(1935, xxviii, 603). The third section of Part II is appearing
in serial form in The British Journal of Children's Diseases,

and the first two instalments have now been published.
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PART 1.

SECTICN (a)

Introduction: The recent behaviour of Diphtheria in Leeds

and other Cities.

A peculiar feature of the behaviour of the infectious ‘
diseases in the twentieth century has been the irzcreasing
divergence of the characters of scarlet fever and diphtheria;n‘
Although Bretonneau first gave the name "diphthérite” in 1821 -
if he was not the first actually to differentiate the two diseases-
confusion of terminology existed for many years, and it was not
until 1859 that scarlet fever was tabulated separately froﬁ
diphtheria in the annual Reports of the Registrar-General. These
two diseases, although clinically closely related, have within
recent years presented many coatrasts when regarded from an epidemi—
ological standpoint. Woods in her important studies on these two
diseases (1928, 1933) showed that the dimisution in the deaths from
scarlet fever in Ingland and Wales during the past thirty yéérs
was essentially due to lessened severity of the disease. On the
other hand, though diphtheria had not diminished to anything like
the same extent, the tendency of the mortality from this diseaée
Wés to concentrate on early school age.

At the time when this paper of «Woods (1928) agpeared
diphtheria was beginning to behave in a peculiar fashion in various
parts of Europe. The first suggestion that all was not‘well was
given by Finkelstein, Deicher, and Agulnick (1927), Who in 1927

reported that in Berlin there was a significant increase in the
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number of cases of diphtheria, and espeeiall&-of casés of a severe
type. They stated that there had been a steady rise in the case
mortality of diphtheria in the Virchow Krankenhaus, from five per
cent in 1924 to 26.7 per cent in the early months of 1927; that
there was alsc a corresponding increase in the mortality for Alt
Berlin as a whole. Von Bokay (1931) states that as early as 1926
he was of the impression that the type of diphtheria which he met
with in Budapest was becoming more severe, and the events of the
next few years, marked not only by an increase in the number of cases
but also by increased frequency of severe angina, amply bore out |
this prediction. ©Severe epidemics were also reported from Prague by
Feieﬁbend and Schubert (1929); from Lille by iinet (1929); from Italy
by Cayrel (1930); and from Roumania by Simic (1931).

In this country the first appearance of a type of
diphtheria which did not rsspond to antitoxin appears to have been
in Leeds, where iAnderson was certainly noting such cases as early
as 1930. By the use of a new teliurite medium icLeod and his
colleagues were able to show that there were at least three distinect

cultural forms of C.diphtheriae, and these they proposed to call

the gravis, mitis,and intermediate strains. Anderson was able to

demonstrate that in Leeds the J.diphtheriae gravis was associated

with the severe toxic cases, and was responsible for nearly all the
deaths. liitis cases were much milder in degree, toxaemia was not
in evidence, and difficulties occurred only when there was extension
to the larynx. The intermediate types were st that time rare in
Leeds, but:it was suggested?%%ey were associated with intermediate
forms of the disease. (See Anderson et al. (1931) and Anderson,l1932).
Criticism of the work of these authors was made by
ilenton, Cooper and Fussell (1933), and by Menton, Cooper, Duke, and
Fussell (1933) on the grounds that in Staffordshire the strains of

the C.diphtherise could not be classified into three definite tjpes

according to colony appearance and biochemical reactions; they were
also unable to justify the term "gravis" in its original sense.
Corroboration soon came, however, from certain other aress, notably

Hull, Manchester and Glasgow. In Hull a severe type of diphtheria
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had also appeared, and Leete had the strains examined by iicLeod.
It was found that in Hull nearly sixty per cent of all cases were
due to the gravis strain, and that of forty toxic deaths, thirty-
five were due to gravis and five to intermediate strains. In
Manchester Robinson and Marshall (1934) showed that, apart from

1.5 per cent atypical strains, the strains of the C.diphtheriae

could easily be separated into the three types of the Leeds workers,
but that in that city the intermedi§ate strain was at least the
equal of the gravis strain in its capacity to produce severe
infections. Robinson (1934) later showed that in Manchester

the strains showed a high degree of type stability, even after
animal passage. Carter (1933), working in Glasgow, showed that
ninety nine per cent of 51C local strains could be separated into
the three types by the method of the Leeds workers. In later papers
Anderson, ilcLeod and their colleagues (1933a, 1933b) extended théir
observations on the correlation between types and clinical severity,
on the stability of the types, and on the fermentation reactions.

It is not intended in this Introduction to discuss
further the already extensive literature relating to these strains.
Many of the later papers will be discussed in the appropriate place
in this thesis. It should however be mentioned that the contentions
of the Leeds workers have never been seriously chellenged so far as
the bacteriological aspect is concerned. Agreemernt regarding the
clinical aspect depends largely on whether the gravis or intermediate
strains are very frequent in the area under discussion. Apart from
a few comments by Robinson and ilarshall (1934) no paper deaiing with
the immunological aspect appeared until the publication of a paper
which forms a portion of this thesis (Underwood, 1935b). It should
also be mentioned that no areas present such favourable opportunities
for the study of the behaviour of diphtheria due to the gravis strain
as do Leeds and Hull. In Leeds especially this strain has been very
prevalent for at least five years, and the sections which follow will
show to what extent it has introduced difficulties in dealing with

diphtheria which are incomparably greater than any other difficulty
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since the introduction of antitoxin into this country in 1894.

The writer took up an official position in Leeds in
January, 1932, and for nearly three years he was responsible
for the control of this iéase in the City. During the greater
portion of this period he carried out the observations which
will be detailed in later sections. It was early realised
that the introduction of the gravis strain into Leeds was not
merely a transient local phenomenon, but that there were indica-
tions that a definite epidemiological change had taken place,
and that the results were in a way comparable to those which occur
when a new or hitherto unexperienced disease appears in a
locality. For some time an investigation has been proceedi:ig
on these lines, but the results are not yet sufficiently far
advanced for publication. This introduction, though in no sense
a complete epidemiological enquiry, is intended to zive the lines
upon which this investigzation is proceeding. It will serve to
indicate some of the difficulties associated witha"gravis-infected”
area, and to explain the need for the investigations which are

detailed in later sections of this thesis.

The Incidence of Diphtheria in England and iales.

The notified cases of diphtheria which occurred in
England and Waleg from 1912 onwards are given in Table I,
together with the case rates per 1,000 of the population.
It will be seen that there has been no very remarkable inerease
in the indidence of the disease in recent years. Peaks of the
curve of incidence occurred in 1920-21, and in 1930. There is,
however, nothing here to indicate that the disease has taken

on tendencies which are rather alarming.

'



Year

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921

1922

1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933

TABLE 1.

England and Wales:

Cases
Notified

44, 687
50,850
58,856
53, 549
51,674

43,274

43,678
53,843
69,407
66,452

52,078

39,953

41,948
47,684

51, 034
51,973
61,109

62,739
73,928
50,208
43,339

47,288

.12,

Diphtheria Incidence.

Case rate per
1,000 population.

1.24
1.39
1.61
1.52
1.50
1.28
1.31
 '1.50
1.86
1.76.
1.37

. 1.05
S 1.07
.. -1.23
1.7
- 1.33
1.55
1.59
1.84
1.26
1.08
1.18



Table 1I.
England and Wales: Diphtheria:
Year Deaths
1890 51 50
1891 5036
1892 6552
1893 9466
1894 8774
1895 7895
1896 8993
1897 7654
1898 7661
1899 9296
1900 9345
1901 8898
1902 7802
1903 6077
1904 5763
1905 5456
1906 6108
1907 5732
1908 5569
1909 5235
1910 4284&
1911 3917
1912 4298
1913 - 4447
1914 5863
1915% 5865
1916% 5366
191 7% 4477
1918%* 4803
1919% 4888
192C% 5648
1921 4772
1922 4075
1923 anse
1924 2501
1925 2174
1926 2994
1927 2732
1928 3191
1929 3446
1930 3497
1931 2673
1932 2339
1933 2646

Mortal ity

Death rate per
million living

179
173
222
318
291
259
291
246
243

292
290

273
237
183
170

161
178
165
158
148
120
136
118
121
159
165
153
130
140
137
151
126

*The mortality for the years 1915-1920 relates to

civilians only.

13.



The figures for the deaths, which are given in Table II, are
apparently even more satisfactory. 4After the preliminary antitoxin
period, say from 1894 to 1900, the death rates declined from the
region of 290 per million to a figure which varied from about 120
to 160 in the war years. ~ince 1921 there has been a very definite
and hitherto unexplained fall in thes death rate. In 1921 it was
126, in 1922 it was 107, and by 1923 the figure had fallen to 71.
Since that date the highest death rate has been 88 (in 1930). ZEven
in the last few years there has been a further fall, and the death
rate for 1932 (viz. 58) is actually the lowest ever recorded from
this disease. There is therefore nothing in these case or death
rates to indicate that diphtheria in this country is not declining
in incidence and severity - apart from moderate periodic epidemics -~
and that the eflicacy of antitoxin i;;%eing amply demonstrated by
the gradual reduction in the death rates.

Cne of the peculiar features of the gravis strains is that
they tend to be found only in larger urban areas, such as the great
cities., This statement must be wade with a certain amount of
qualification, since comparatively few reports have appeared on the
subject of the incidence of gravis infections in smaller areas. The
population of the Hegistrar-General's 121 Great Towns is 20,850,000,
which is less than half the total population of the country. wWhen we
consider that only a few of these "Great Towns" haégfggt;§§ degree
with gravis strains, it will be evident that a consideration of rates
for England and wWales will give little indication of the incidence
and severity of diphtheria in those areas in which epidemics are most
likely to be extensive and severe - viz., the great cities. It is
therefore necessary to consider in some detail the rates for these
cities.

Incidence of Diphtheria in certain cities.

It might be thought that statistics for diphtheria for the
great cities would be easily obtained. Such is not, however, the
case. In the first place)fashion" in diagnosis plays a not-incon-

siderable role. There is little doubt that the practice of taking



swabs in every case of sore throat, however slight, tends to
magnify the number of notified cases of true diphtheria. This
tendency is to a large extent counter-balanced by the fact that
the notification is cancelled if the patient is removed to hospital -
and in most large cities the majority of diphtheria patients are
removed to an institution. In the second place, there is sometimes
a remarkable discrepancy between different official statistics for
the same city. In preparation for a larger epidemiological inquiry
the writer began to collect statistics of the incidence of diphth-
eria in various areas, and it was soon evident that the figures
which are given by the Registrar-General in his Anmual Reports and
Statistical Reviews often differed considerably from the figures
given in the reports of the respective iledical Officers of Health.
It may be objected that such a discrepancy is to be expected, and
that it may be so small that it will be quite insufficient to
affect_any rates calculated therefrom. It is, however, easy to
show that such objections carry little weight. The following are
six percentages expressing the percentage differences between the
Registrar-General's figures and the Medical Officer§ of Health’s
figures for six years taken at rendom in respect of four cities:-
20.7, 17.6, 3.0, 53.8, 1.1, 1.3. It will be obvious that for
accurate work the Registrar-General's figures cannot be accepted,
and that as a result of change of diagnosis in hospital, and
possibly other factors, the iledical Officery of Health'sfigures must
be taken as giving a truer indication of the incidence of
diphtheria in any particular local ity. acting on this conclusion
the writer collected statistics from the reports of various Medical |=
Officers, and from these figures all the rates which are contained
in the following tables were recalculated. It should also be
mentioned that, apart from the difficulty of obtaining copies of
the older reports, an unforseen obstacle was that the reports often
did not give the information which was desired. In the earlier
reports two figures are given for incidence - one being the

liedical Officer of Healthsofficial figure, and the other being




le.

simoly a stateuwent of the nu:ber of notifications received during
the year. This may scund trivial, but in practice it is often
difficult to decide which figure gives the truer estimate of the
incidence of the disease. It should alsc be mentioned that in
every instanceX the casesof and deaths from membranous croup
were added to the respective figures for diphtheria, so that the
calculated rates in the following tables represent the incidence
of cases and deaths for the two disesses taken together. The
rates were calculated from the estimated mid-year population at
each year. The statistics for six cities - Leeds, Hull,
lianchester, London (Administrative County), Liverpool and

Birmingham -~ are set out im Tables III to VIII inéiusive.




Year

1897
1898

1899

1900

LEEDS;

1901

1902
-~ 1903

1904

1905
1906
1907
1908
1909
1910
1911
1912
1913
1914

1915

1916
191%
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934

Table III.

Diphtheria: Incidence and lortality.
Case rate Death rate
per 1, 000 per 1,000

0.52 0.18
2.17 0.56
4,32 .80
2.95 0.60
2.41 0.41
1.53 0.22
1.38 0.15
C.84 0.12
0.86 0.10
1.54 0.19
1.32 0.1%
1.43 0.1k
2.99 0.15
2.14 0.16
2.62 0.358
1.58 0.21
1.89 0.19
1.53 0.13
G.88 0.11
0.95 €.09
1.25 0.14
1.27 0.11
1.88 0.10
1.97 0.14
1.43 0.08
1.01 0.06
C.78 0.04
0.61 0.06
0.89 0.08
0.79 0.05
0.92 0.06
1.34 0.04
1.12 0.05
2.08 0.11
2.05 0.18
1‘83 0.10
2.18 " 0.18
4.62 0.33

1Y.
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TABLE IV
HULL: Diphtheria: Incidence and Mortality
Year Case rate Death rate

per 1,000 per 1,000
1893 0.50 0.10
1894 0.40 0.09
1895 0.48 0.12
1896 0,71 0.18
1897 0.87 0.08
1898 0.52 0.04
1899 0.67 0.10
1900 0.42 0.06
1901 1.96 0.1l6
19062 ~ 1.96 0.35
1903 0.98 0.30
1904 2.07 0.24
1905 2.71 0.28
1906 4,77 0.51
1907 2.61 0.24
1908 l.72 0.17
1909 L.61 0.22
1910 1.59 0.16
1911 1.23 0.08
1912 1.10 0.08
1913 1l.46 0.12
1914 1.55 0.18
1915 2.48 0.22
1916 1.37 0.09
1917 1.47 0.1l
1918 1l.22 0.21
1919 1.68 0.12
1920 2.05 0.09
1921 2.23 0.1l2
1922 1l.81 0.09
1923 l.42 0.08
1924 1.08 0.07
1925 1l.68 0.09
1926 2.52 0.06
1927 2.52 0.11
1928 226 0.07
8929 2.84 0.12
1930 2.72 0.15
1931 3.63 0.30
1932 5.36 0.42
1933 4.74 0.29
1934 3432 0.21



Coae

TABLE V.
WAVCHESTER:: Diphtheria:  Incidence.
Year - Case rate

per 1,000

1893 ’ . 1.20
1894 _ 0.98
1895 ’ - 0.76
1896 0.45
1897 0.28
1898 - 0.36
1899 ‘ 0.45
1900 - 0.6k
1901 - 0.84
1902 _ C.77
1903 1.12
1904 Q.85
1906 0.86
1907 0.78
1908 0.84
1209 - Q.91
1910 0.70
1911 0.66 v
1012 , 0.65 .
1913 0.89 ' :
1914 - 1.01
1%15 ‘ ' ‘ 0.73 .
1916 , C.83
1917 Q.79
1918 0.69
1919 - 0.61
1920 1.24
1921 : ‘ 1.35
1922 - 1.08
1923 . , 0.71
1924 0.75
1925 v 1.37
1926 ' 1.50
1927 - 1.58
1928 . 1.35
1929 T 0.99
1930 y 1.106
1931 .. Q.75
1982 1.15
1933 0.95

1934



20,

TABLE  VI.

LODON (Administrative County): Diphtheria: Incidence.

Year. Case rate
per 1,000
1894 2.57
1895 2.55
1896 3.11
1897 2.95
1898 ' 2.63 -
1899 3.00
1900 2.66 -
1901 2.67
1902 2.34.
1203 1.68
1904 1.55
1905 1.38
1906 1.70
1907 : 1.84
1908 1.67
1909 1.38
1910 1.21
1911 1.683
1912 1.57
1913 1.69-
1914 2.02
19156 2.11 -
1916 2.06
1917 2.06 -
1918 1.84 .
1219 2.17
1920 3.04
1221 3.63 -
1922 3.38 ..
1923 2.26
1924 2.33
1925 2.71
1926 2.94
1927 2.68 -
1928 2.73
1929 2.67
1930 3.06
1931 1.92
1932 1.86

1933 2.22
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TABLE VII.

LIVERrOCL: Diphtheria: Incidence.
Yea Case rate
' per 1,000,
1895 .52
1896 .81
1897 e 0.65
1898 _ 0.83
1899 1.17
19900 , 1.04
1901 , ‘ 1.27
1902 M 1.55
1903 S 1.22
1904 S 1.47
1205 SEE 1.37
1906 e 1.23
1907 1.25
1908 1.36
1909 o 1.49
1910 i 1.50
1911 L 1.78
1212 - 1.48
1913 : 1.43
1¢14 ) 1.79
1915 , 1l.61
1216 o 1.44
1217 oo 1.31
1918 T 1.67 :
191¢ - 2.51 "
192¢ o 2.12
1921 S 1.45
1922 o 1i16
1923 S ' 1.20
1924 o 1.32
19256 S 1.78
1926 o 1.82
1227 o - 1.94
1928 L 2.20
1929 28.75 ‘
1930 4.5%
1931 3.80
1932 3.84
1933 3.37



22.
TABLE Vl1ll.
BIRKIBGEAN: theris: lncidence
Jesr Case rate .
per. 1,000,
16890 . 0,69
1691 0.48
13’8 el 1.0
1093 0479
1894  oves
1698 , 1.60
169y — 1.41 TSRt
1898 1.5 S
1899 1.40 R
1900 1o o
s1s01 : 1.04
1902 Lotk
1908 1.52
1904 . 1.15 o
1o 128
1906 1.46 o
ls0Y 1.81
1909 1438 BN BRI
1910 S 1,28 .
1911 1,26
1932 0.95 o
1913 1,13
1914 yea e
1515 1.2 oBiaE
1916 1.07 o
1517 byt
1918 1.02
1919 1.06
1989 1.93
1611 1.80
1942 1.39
1953 1.65
1984 1.97
1985 2,00
4 .1.88
1927 1060
1928 1.69
1929 1o864
1959 1.73
1931 116
1932 Ce61
1953 .83

. % The figures from 1901 omwards relate 0 Creater Birmin hanm,
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Discussion of Trend of Incidence and Liortality.

The incidence of diphtheria at each year in six of the
selected cities is plotted graphically in Figs. I to ¥iI inclusive.
(In the case of Hull it was qui.te impossible for the writer to
obtain in London copies of sume of the pre-War reports, and he is
therefore much indebted to Dr. Nicholas Gebbie, the liedical Officer
of Health, for supplying the missing figures).

From a rough inspection of the graphs it will be seen that
the epidemic cycle is not the same in all cities. In Leeds, as the
writer showed in a previous communication (1934b), the inter-
epidemic period is 10 to 11 years, and this interval has been
remarkably constant. In London the interval between the twogmajor
epidemics was 22 years; and the intervaly between minor epidemics
seems to be about nine years. In Liverpool the interval is similar -
about 8 to 11 years. On the other hand, both ilanchester and Birming-
ham show a short inter-epidemic period - in the case of .ianchester
about six years, and in the case of Birmingham four to seven years -
and usually six or seven. In Hull the minor epidemics are maskeéd
by the two outstanding peaks. Despite this, it would appear that in
Hull minor epidemics tend to occur at intervals of seven to nine
years. |

The second point which emerges from a c§yal inspection of the
graphs is that the introduection of the gravis strain into an area
does not necessarily manifest itself by a marked increase in the
incidence of the discase. As has been stated previously, the gravis
strain was certainly prevalent in Leeds in 1930, yet the increased
incidence in that year was not above what might have been expected.
The effects of the new strain might possibly have shown themselves
by an increase in the mortality rate; but when it was realised that
a severe type of diphtheria was present in the community, measures
were immediately taken to deal with the increasing severity. These
measures - such as the giving of very large doses of antitoxin, in
part intravenously - almost certainly modified the resulting death

rate. In any case, the effects of the disease, though deferred,
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were not prevented completely - as the enormous explosive outbreak
of 19%4 showed. e should therefore be cautious in thinking that,
in a area such as Manchester where the introduction of the gravis
and intermediate strains ahowed itself mainly by increased severity
and not by increased incidence, a deferred epidemic will not occur
after a lag period.

To the data in Tables III to VIII straight lines showing the
trends have been fitted. It will be obvious that in several instance
the fit is not very good, and it might be thought that logarithmiec
curves would give better results. ©Such a supposition is not entirely
justified by results, since the writer has in some instances fitted
logarithmic curves, and the fit was not altogether satisfactory.
Apparently a series ol more complex curves fitted to each graph
woull give a more rational explanation of the sequence of events.

But even the simple trend line does bring out some important features,
and the writer has accordingly decided to treat all the data in this
manner for the purpose of this introduction.

The trend lines were fitted by an application of the
weli-known theorem of lest squares. If an observed magnitude Y.
depend on x in such a way that

7 = atbx

(whieh is the equation of a straight line), then the most probable
values of a and b are such that the sum of the squares of the
differences between any observation and the curve is a minimum.

It can be shown that these conditions are fulfilled when

b - th Zx — mf(’:uﬂ
(zEn)z - n Zféxz)

e OL

Z(xdj)fx - 27, Z(x2>
| (2525)2'-— W 2-(35ﬁ>

where n is the number of observations, and x is the serial number

of any individual observation y.
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DIPHTHERIA:

City

LEEDS: 1897~
1934
(Case rate)

IREDS: 1897~
1934

(Death rate) "‘j =

HULL: 1893~
1934

(Case rate) «? =

HULL: 1897-
1934

(Death rate) 4.3 =

MANCHESTER:
1893-1933
(Case rate)

LONDON:
1894-1933
(Case rate)

LIVERFOOL:
1894-1933

(Case rate).

BIRMINGHAM:
1893-1933
(Case rate)

TABLIE 1X,

38

Trend equation

'3 £ 179,74 - 0.598x
33458 - 0.791x
61.87 4 60,014
17:15 - 0,028
f\j = 62.20 + 1.258~x
4?= 217.64 4+ 0,538 x

‘\}s 50,90 4 5. 776

4-3 = 13098 4 0,354

Case Rates and Death Rates: Trends for D

Means

168.1% 9.686+*

18.2%1.776

191.2+12.028

16.6*1.165

88.6% 3,083

228.7%6.330

189.3+ 9,309

138.4 £4.036

8.D.

90.3516.990

16,23+ 1.266

115.56 + 8.504

10,65+ 0.824

29.27+ 2,179

5935 1.4.476

87.29 % 6,583

38.30t 2,853

ifferent Cities.

* The * values throughout this Thesis &re probable, not standard,

8ITrors.
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The death rates for Leeds and for Hull werevtreated in
a similar manner,and the graphs with the fitted curves aré shown
in Figs. ¥ii and ¥iii. Table IX gives the equations, means, and
standard deviations for the case rates and death rates for each
of the cities. On each graph (where possible) lines have been
drawn parallel to the trend line, and at a distance of 1, 2 and 3q
from it.

| It will be seen that in the case of London no significant

featur;t;ccurred since the epidemic of 1921, and that in Birmingham
there has been no increased incidence. passing the limit of +a
since 1925. In Leeds on the other hand the 1934 epidemic, when
2,239 cases of diphtheria were notified, giving a case rate of
4.62 per 1,000, is most irteresting. This rate gives a deviation
from the mean which is equal to aliost 3.4 times the standard
deviation. A table of the probability intezral shows that such an
event would occur by chance about once in 140C years. In the
graph for Liverpool it is seen that a large peak occurred in 1930C.
The magnitude of this peak is over-emphasised by the size of the
preceding trough. 4ctually, the difference between the peak rate -
457 - and the trendvalue is 192.8, which is only 2.2 times the
standard deviation. This value indicates that an epidemic of this
magnitude might be expected to occur by chance about once in
55 years. If therefore we consider the two observations from the
point of view of unigueness, there is no comparison between the
Liverpool epidemic of 1930 and the Leeds epidemic of 1934. In other
words, any individual living in Liverpool might expect to pass at

least once in his lifetime thriugh an epidemic such as was experien-

ced in 1930. The Leeds epidemic of 1934 was on the other hand an
event which would practically never occur again unless as the
result of the operation of some new or extraneocus factor. In the
case of the curve for incidence in Hull, the main features are
probably considerably modified by the fact that a very large
epidemic occurred in 1906. The deviation of the value for the

1932 Hull epidemic is 2.02 times the standard deviation, so that
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these duta give a probabiliky of the occurrence of such an event
once in about twenty one years.
Turning to the death rates(Figs ¥ii and ¥iii) we find
an interesting cor$ollary. Accurate death rates were available
for Full since 1897. The death rate for the 1932 epidemic was
42 per 100,000 living, and the deviation - 25.93 - of this from the
trend value is 2.4 times the standard deviation. Such an ocecurrence
could only be expected on the basis of chance once in sixiy years.
The corresponding calculation for the death rate for the Leeds 1934
epidemic gives & probability of occurrence of once in thirteen years.
Summarising these results we see that in the two areaé
in which the gravis strain first appeared and has been most prevalent
there is evidence that the resulting outbreaks, when considered in
the one case from the point of view of incidernce and in the other from
the point of view of deaths, were of such magnitude as to be, in
one case certainly and in the other possibly, beyond the probability
of occurrence apart from the operation of some new factor. In London
the gravis strain has not been in evidence, and so far as the Writér
knows 1t has not been reported from Birmingham. In Liverpcol there
has been no marked infection with this strain. Cn this evidence’it
would appear that in Leeds and Hull the change in type of thé :

CeDiphtheriae was not merely an incidental happening which produced?

no significant effect on the herd; but was a distinct epidemiological
phenomenon, comparable to a certain extent to the introductioﬁ of‘ar

new disease into these cities.

Effect of Age Incidence.

1t may be objectathat the age constitution of the

populations of these cities must have altered very considerably

during the last forty years. This objection is valid, and it must be
admitted that standardised rates would have given more emphatic |
results. Newsholme dealt with this question over thirty five years ;
ago (Newsholme 1898), and he concluded that in discussing the |
inciderce or mortality of diphtheria in different areas, the errors

introduced as a result of using non-standardised rates would be |
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within very swall limits. In the present investigation it has
so far been impracticable to obtain the age distribution of the
cases and deaths for all the cities investigated, and consequently
correction for age has not been possible. An an indication, how-
ever, of the extent to which the age factor may invalidate the
results, the following small inquiry into the effect of this factor
in Leeds may be used.

Stevenson (1919) devised a graphic method which shows
at a glance the main changes in the age grouping of cases of any
particular disease year by year. Fig. IX shows the age incidence
of diphtheria cases in Leeds from 1899 to 1933, charted according to
this method. (The figures for 1934 are not available at the time
of writing). It will be seen that, apart from long term smooth
fluctuations, the incidence for the age zroups 15 to 25 years and
over 25 years has not altered very much in the last 35 years.
The proportional incidence up tc five years of age has been gradually
decreasing throughout this long period, but the decrease has not
been at all considersble. This deofease has been associated with
a more or less corresponding increase in the incidence at ages

5 to 15 years - an increase which has also been gradusl. I} appears

therefore that the non-standardisation of the rates has probébly’notv}

introduced an error of any magnitude into the results which are

given previously.

e emsimed
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PART I.

SECTION (b).

TEE SCHICK TEST IN A '"GRAVIS-INFECTED" CQMMUNITY:

VARIATION OF NATURAL IMMUNITY WITH AGE, SEX, AND SEASON. -

The Schick test, which was introduced by Schick and
iMichiels (1913) twenty two years ago, is more or less unique
in immunological work, since it is the only accurate téét which
we have for gfigging the immunity of an individual to a common
infectious disease. The test, as is well known, is carried out
by injecting intradermally 0.02 of a M.L.D. of diphtheria toxin,
contained in 0.2 cec, of a suitable diluting medium. A positive
reaction develops within twenty-four to forty-eight hours, and
consists at first of a2 circular pinkish area. This area rapidly
pbecomes of a deeper colour, and about the fifth day the skin
becomes dry and hard; tiny fissures appear and i=e desquamation,
which may be either of a fine branny nature or much more definite
and flaky, is found. A negative reaction shows no apparent erythema
at the injection site, even after seven days. In many instances
a positive reaétion is quite definite within the first three days;
but experiénce gained from thousands of Schick tests performed all
over the world has shown that the most accurate results are obtained
if the final reading is made on the seventh day. -~

The work of Dudley and others has demonstrated that the
"imminizability" of a community - or the rapidity with which natural
or artificial immunization is completed depends very largely upon

the original immunity rate of the community. Consequently it

follows that the description of any large scale expériment upon

immunization and upon the use of different prophylactics should

a
be preceded byhdiscussion of the natural immunity of the bPopulation

upon which the experiment is performed. Despite this obvious
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principle, it is surprising %o find that many reports are quite
worthless because they omit to give any of these particulars.

T the case of Leeds it was especially necessary to have detailed
xnowledge of these factors, since the presence of the gravis
strain suggested that the natural immunity rate would show
considerable differences from the rates in other areas. The
essential basis of the investigations which are detailed in this
Thesis consisted therefore of 2,666 primary schick tests which were
performed and read personally by the writer. These tests were
carried out between Ffebruary 1933 and September 1934, and the
population investigated was more or less homogeﬂbus, being made
up of school and pre-school children of the working classes in
Leeds. 4 Tew institutions were dealt ﬁith, but these‘are
considersd separetely in other sections of this Thesié and the
nuwabers of the inmates wsre so swall in comparison with the total
mumber of children tested that their inclusion couid have little
effect upon the general results of the investigation.

It should be menticned here that this section is not a
complete Giscussion of the iochick test and its ilaplications. The
literature of the test is very larsze. The writer had read a
considerable amount of it, but in his opinion many of the papers
are so0 incomplete that they connot be used for accurate statistical
work. The best of the literature up to 1929 was adequately
discussed by Dudley (1929), and that excellent review must stand
as the last word on this subjeet up to the time of its publication.
In a later work Dudley (1934) extended his discussion on a more
specilalised line. In this section of the Thesis the present writer
dsals only with those features of the test which appear to be

. . c s o . . .
peculisr to g "gravis-infected" area; he also deals with certain

general features, such as the reletionship betwesn age, sex and
Season, which in the past have either been almost entirely neglected
or inadeguately dezlt with. 1t is hoped that the statistical
methoGs enployed are as‘fine as any which could be epplied %o this

type of data, and it would seem that the results obtained are .ueh




wore piecise thd. auy waolch nave hitherto been published. .

Technique.

The whole of the schick test fluid and control fluid
which was used was supplied to the writer by Dr R. A. O'Brién,
Director of the Wellcome Physiological Research Laboratorps, and
all the fluids used were fresh. Lgla all-glase syringes, each of
1 cc.capscity, and fine intradermic needles were used in every
instance. Except in very special cases - cuch as deformities of
one arm - the test injection was given in the left forearm, and the
control injection in the right forearm. In each instance a Moloney
test was also performed, and the results of these iloloney tests are
dealt with in a separate section of this Thesis. almost invariably
the uoloney injection was done on the right forearm, proximal to
the bchick control injection. 411 tests were read after forty
eizht hours, and also on the sevsnth day; in many instances the
tests wore also read at more frequent intervals. The results were
recorded in two ways: (s the diameter of sach reaction wos measured
in millimetres by means of a steel rule: (b) each reaction was
described zud classified accordingz to its appesrance, colour, degree
of rardness of the skin, and other feztures. Tre claszification
adopted depended largely on the writer's experience in reading
individual tests, and hence it cannot ve resdily deccriped in a few
words. In general, it may be said that the followirz classification
was used:- (a) FPaint,"+" ~ any ordinary reaction up to 15 mm. in
diameter, or a faint reaction up tc 20 mm. (b) loderste, "+4" .
en ordizary reaction from 20 to 25 mn. in Giameter, or a bright
reaction from 15 to 20 um. (c¢) Larksd, "+++" - any reaction waich
was brizat aad of diaueter over 25 ., or any exceptionally large
reaciicn; extrexzely vright rezecticns under 25 mm. wight also be
inciuded in this category. Speclal care was taken to zive ezsect
doses in each instance: this poiat in technique has boen ademntel

quztely

discussed by Dudley (1929} who showed that 25 per cent over or valer

the correci dosage made no apureclable differencs t0 thne r

tan T} A o
e8uins.,

Al
vare wzs zlso taken to give ths injesticns intralernzliy, dnis

de Li o




41,

atatement must of course be taken with a certain amount of
recservation, Since‘it is obvious that im some instances a portion

of the Gose may have unwittingly been given subcutaneously. It
should be stated, however, that this possibility was no greater

in the present series than in any carefully performed intradermal
injection. In any event, there is some evidence thet Schick fluid
injected entirely subcutaneously gives results which are very
similar to similar tests performed intradermally, and indeed
Haidvogl (1926) recommended the subcutaneous in preference tolthe
intradermal method, on the grounds that the resulting reactions were

easier to read, and that pseudo~reactions were less freguent.

General Qescription of results of tests.

It is not possible to discuszs here detailed results of
the writer's work on the Schick testd in areas other than Leeds,

e e . . broad
bput it is desirable to give somepindication of the general difference

petween the results obtained in a ”gzgzigfinfeoted”T;;d those from
other districts.

The writer was early impressed by the high freguency,
not only of positive reaetions;,but of marked positive reactions
in the Leeds children. Faint positive reactions were not at all
frequent, and most positive reactiins were of the type which is
classified here as "moderate - that is, of diarmeter up to 25 mun,
or very bright resctions of diameter 2C to 254 mm. .larked positive
reactions - that is, of diameter 25 to 35 mm, or over were compara-
tively common. In a large proportion of positives, and especially
in moderate and .arked positives, desquamation was marked. Tre
writer also found that "giant" resctions were not at all infrequent.
The mest remarkable reaction was that of a positive result in a
girl of thirteen years. The control arm showed & bluish ares of
about 1C mm. in diameter, which later became dusky. The test arm
showed a very large area measuring about 80 mm by 70 mm. The
central area measuring 4C mm. in diameter showed complete vesiculaw

tion even on the third day; this area was surrounded by the

er" ] i 1 ) Y ey . . "
Jthemnatous zone, 8C mn. in dizmeter. Outside the area mentio a
: ne
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above there was a larze ring of very faint erythema.’ On the
seventh day there was a central area of desquamation 25 mm. in
diameter,'and swellinz and pain wew still present. The result

was so contrar— to any reacticn which the writer had previously

met wit® that he was inclined to suspect a protein reaction, and

tc assune that the girl was probably immnune. Blood titration
showed, however, that there was less than 1/1000 units of antitoxin
in the serum, and that the Schick result was a true positive of an
exceptionally strong degree.

The writer conseguently formed the opinion early in the
investigation that wed$h the frequency of positive reactors’waé
hizher in Leeds than in many other areas, and also that the degrée
of reaction tended to be much stronger. Jrolonged obeervation
anply confirmed this view, and sirnce the conclusion of the Leéds
experiments the writer has had opportunities of carrying out and

e

e

re ng Schick tests in London. The degree of reaction in the

o

wstropolis has certainly been lower than in Leeds, and in addition
the natural imnunity rate is definitely higher. Detgiled results
of some of thess tests will be discussed later in this Thesis.

In Leeds other peculiar festures in connection with the Schick
reaction soon emerged, and some of these will. be discussed in
this section.

» consideration of the figures for diphtheria incidence
in Leeds during the previous few years, as ziven in the precedizg
sectiony of this Thesis, sugzested at first thot a considerable
propertion of the child populatiocn at all zzes would have been the
subjects of "latent immunization”, and that the natural imonity
rate in Leeds would be rather higr. The contrary proved to be the
case. In a later section the proportions of positives in different
groups of children dm compared, and it is shown that on an aversoe
eighty-five per cent of all Leseds children zre susceptible to
Giphtheria, as shown by a positive result to the Schick test.

This low degree of znatural immunity - viz. 15 per cent

-—

should be emphasized. It indicates that, despite the high incidence
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of diphtheria in Leeds during the past few years, 1aten§ immunization
as gauged by tests with ordinary oSchick fluid, has not been proceed-
ing to anything liite the exten® which wodern views on the epidemio—
logy of diphtheria would lead us to expeqt. It is instructive to
compare this average figure of eighty-five per cent of children
under fourteen years positive at the pri&ary Schick test with the
results obtainéd in some other areas. Accurate figures on these
lines are difficwlt to obtain, and the following samples, though
few, represent only those which are most likely to give a fairly
accurate comparison. (The figures are taken largely from

the works of Graham Forbes (1932a, 1932b).  Birmingham - 1287
children of school age ~ 64 per cent positive. Cardiff - 7862
school children - 54 per cent positive. Hackney - 1442 children of
all azes ~ 70 per cent positive. Wandsworth - 1978 children ,
mainly five to fifteen years - 74 per cent positive. 1In Franée,
Ramon, Timbal, and Nélis (1933) reported that of 3298 children

azed six to fourteen‘years, only 47.2 per gent were positive. In

a recent paper Levin and Cary (1934) found that 86.0 per cent of
1016 children between the ages of one and fifteen years in Portland,
U.S.A. were positive; 84 per cent of these children were between the
ages of four and ten years. This series is the only one of which
the present writer has knowledge which, for lowness of the natural
imounity rate, is at all comparable with the Leeds series. This
statement naturally applies only to figures collected from large

urban centres.

It will be seen from later sections of this Thed s

e o man
that there are still xxgxmxxxnx%bxxxmf questions in relation to

diphtheria which are ®¥XXXX not understood, or concerning which the
explanation at present held cannot be accepted. On the current view
we would have toc conclude that, if in any aree diphtheria hasgabeen
prevdent and the natural im:unity rate nevertheless remains low,
thexz the prevalent strain must be a poor immunizing agent. Cn
this view we would have to accept the theory that, since the

o

ravi rai i ¥ i
grav:s straln had been prevalent in Leeds for several years, its

. e . m o
Ty p r o b L ’ i i
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this is a complete explanation of the low naturallf immunity rate
in Leeds, but for the present this explanation will be allowed to

stand.

The effect of age on natural immunity.

It is an ¢ld observation - see Park and Zingher (1916)
Zingher (l?l?) and the large series of Zingher (1923) - that thé
proportion of positives in a commuaity is very high at the early
stages of life, and decreases gradually till the percentage betomes
amall as adult life is reached. The exception to this statement
is that during the first year of life, and especially during the
first six monthg, a considerable number of infants show a ﬁégative
Schick test as a result of imaunity acquired from the mother. '

The results whieh emerged from the writer's series of
cases in Leeds were no exception to the general rule: Tabie #Q(
gives the percentage negative for each year of life from under 1
to 19 years. The results are plotted diagramaticalliy in Figurelg.

TABLE X. | |

Incidence of negative oSchick tests at different agses.

Age No. P ercentage
Negative nezative

Under 1 8 16.33
1 3 1.62

2 d 1.69

5 8 ’ 40 lz

4 21 8.93

5 39 11.71

6 67 17.36

7 .38 20.21

8 39 25.01

9 44 27.85

10 45 34.88

11 51 45.54

12 62 43.97

13 a7 43.02

14 19 65.34

15-19 86 80.3

It is seen from the data presented that under the aze of one year
16.33 per cent of children showed a negative Schick test, and that
by'the first year this fizure had falleﬁtl.sz per cent. The
proportion of nezative reactors remained more or less unchanzed
until the third year, wheun there was a elighft incresse. Fronm

age onwards until the eleventh year there ws

g&ppers 1 s he 3 - .
i ntly continuous increase in the proportion oft childrelfn who
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were wcnick nezative. Bet .een the eleventh and the thirteenth
years the percentase of ~chick negatives fell slightly from 45.54
per cent to 43.02 per cent. This slight fall was succeeded by a
aarked rise to 80.37 per cent in i:dividuals aged from fifteen to
nineteen years.

llore interesting results are obtained when these

‘

features are plotted on a loe?arithmic scale (Fig xi). It is seen
that the loss of congenital Schick imumnity during the first and
second years is extremely rapid. & period of apparent quiescéﬁce
is succeeded by a period of rapid increase of natural immunit&
between the second and the fourth years. This is definitely the
period in which natural immunity is most rapidly acyuired. After
the age of four years the rate diminishes considerably, but con-
tinues more or less constant until early adu't life. It wmight Dbe
thouzht that the early school period would be the time when the child
would come most in contact with others whoe were herbouring the

J.Diphtheriae, so that natural iamnity would be most re idly

acquired after the ace of five years.‘ In Leeds, however, this
was spoarertly not the case. Figure xi shows that the association
of the young child with others in his home and elsewhere must have
been sufficient to induce latent immnunization at a very sastisfactory
rate.

The incidence of the different tyses of recctors at all
ages from one year to fifteen - nineteen years is shown in Table XI,
wihilch is an extensicn of Table X. It is seen from this Table that
the beneviour of the different types of positive reaction is not
aeerly so consistent as we would exyect from a considerzt on of the
gradual decrease of the percentageN of positive reactors of all
tyres from one year to the next. The table brings out the fact
that, although this percentage of positives falls fron 98.4 2t one
yeer to0 19.6 in the azé group 15-19 years, the decreszc
almost entirely as a result of & prosressive decresse in the

o 45

proportion of moderats (+44) resctors; the proporticns of (+)

o
rs
fan

(+++) rszactors remaisy almost uunchanged taroushout the wacle
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childhocd and early adult life.

statement. hy such a relationship should hold is unknown.

bt

This is of course & relative

Dossibly it sugzests that the ++ reactor is the one who responds

normally to the antigenic stimuli in an environment, becoming

o

immune within a reasonable time if the agtinulus 1s suf

ficiently

strong; and that the + and +++ reactors represent tberesidue -

made up largely of individuals who do not respond readily to such

stimuli.

Why such "Schick-fast" individuals should show mainly

+ or +++ reactions is difficult to understand.

TABLE XI
Incidence of Different Types of Schick Reaction at different ages.
Age in Negative ++ +++ Total
years No. Per Fo. ~>rer Fo. Per Ho. Fer tested
cent cent cent cent

Under 1 8 16.3 8 16.3 31 63.3 2 4.1 49

1+ 3 1.6 16 8.6 140 75.7 26 1l4.1 185

2+ 3 1.7 14 7.9 129 72.9 31 17.5 177

3+ 8 4.1 15 7.7 132 68.0 39 .20.1 194

4+ 21 8.9 19 8.1 148 63.0 47 20.0 235

5+ 39 11.7 35 1C.5 188 56.5 71 21.3 333

6+ 67 17.4 40 10.4 207 5%.6 72 18.6 386

7+ 38 20.2 21 11.2 90 47.9 39 - 20.7 188

8+ 39 25.0 13 8.3 71 45.5 33 21.2 156

9+ 44 27.8 14 8.9 79 50.0 21 iZ.Z 158

10+ 45  34.9 7 5.4 51 39.5 26 20.2 129

11+ 51 45.5 6 5.4 45 40.2 10 8.9 112

12+ 62  44.0 17 12.1 35  24.8 27 19.1 141

13+ 37 43.0 14 16.3 16 18.6 19 22.1 86

14+ 19 63.3 13.3 4 13.3 5 1C.0 30

15 -19 86 80.4 3 2.8 10 9.3 8 7.5 107

Total 570 2l1.4 246 9.2 1376 5l1.6 474 17.8 2666

The relationship between sex, and the developuent of natursl

lnunity.

It has lorg been known that female children tend to show

a higher percentage of Schicik positives than do male children. For

example, Zingher (1917) found that, in an American institution,

4.1 per cent of the boys and 15.8 per cent of the girls had

positive Schick reactions.

Kelly, Stevens and teattie (1228;

reported on 600C Schick tests performed on Californian children:




the; chowed that 6C per ceut of 5032 feuales Jere positive,as
acainst HU per cent of 3082 males. The differeuce, viz, ten per
cain

cent, ig considerable. In a series of 1200 chiidren wio were

testzd at Asbury Park, U.S5.A. (see Dudley 1928) 74 per cent of

femeles as against 62 per cent of males were positive. In Holland
Bessemans found that 46 per cent of the girls and 41 per cent of
the boys were positive reactors.

In the present series of Leeds children there were 1391
meles and 1275 females. The group of individuals at ages 15 tc
19 years was composed almost entirely of males in a large residential
school; and the total population investigated did not embrace any
similar series of females at these ages. In most of the following
discussicns the 105 males (of whom 20 were positive) at these ages
were deducted from the total male population before any computation
wag carried out. Of the 1286 males 1026 were positive, which gives
a proportion of 79.8+40.8 per cent. The corresponding figures for
females were 1050 and 82.44+0.7 per cent. Hence in this series also
the oroportion of positive reactors was higher amongst females than
in males. The difference is 2.6+1l.1 per cent. It is small - in
fact, much smaller than in the few other series in which ths data
were given arranged accordinrg to sex. Further, the cbserved
difference between the two sexes, though mcre than twice, is less
than three times its probable error, and is therefore of doubtful
signifiegance. The differences of from seven to ten per cent or
more which were found in other localities were therefore not
confirmed in Leeds.

Kinloeh, omith and Taylor (1927) discussed the ircidence
of a positive Schick reaction in 1448 iberdeen children and young
adults, and they showed that the incidence in males and femsles
respectively at the different age sroups was: (a) 0-5 years (total
mnales and females, 63); males, 83.3 per cent; females 96.8 per cent:
(b) 5-10 years (totél males and females, 602); males, 81.5 per cent;

females, 8C.6 per cent; (e¢) 10-15 years (total males snd femsqac
PSSt B ] s

664); males, 65.1 per ceut; females, 74.4 per cent; (a) 15-20 -

Jears

total males .
( males and fewales, 119); males, 68.4 per cent: fenelos ag -
k4 LT, [S TN
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of uchick positive reacticns in females did not hold at all ages:
in the very important group of children aged 5 - 1C years there was
even a slisht excess in the males. The followiag table shows the

. . o] . 1 o - .
corresponding figures for the present writer's L eeds series.

(Teble xii).
TABLE XII.

o : MAELES FEMALES.
Age Total e :
Grou tested Total Total Per Total Total PRer
tested posi- cent tested posi- cent
tive posi- tive posi-
tive : tive
0-4 840 414 391 94.4+0.8| 426 406 95.3+0.7
5-9 1221 606 480 79.2+1.1} 615 514 83.6+1.0
9-14 498 266  TA5D 58.3+2.0| 232 129  59.6%2.2
15-19 107 105 B©Y 19.0+2.6] 2 1 -
2656 1391 75.2+0.8|1267 1050  82.4#0.7

A8 has been previousl; aentioned, in comparing the totals
for males and females, it is desirable to exclude the 135 males
aged 15-19 years, so that the total percentage for males becoumes
79.840.8. It is seen from this table that the incidence of a pesttiv
positive oSchick test was practically idential in males and females,
at all ages up to 14 years. The largest difference -~ 4.4 per cent -
was in the group aged 5 - 9 years, and was very small.

The Seasonal variation in natural immunity.

Of all aspects of the Schick test, the possibility of
a variation in the percentage of positives at different sezsons heg
beén least investigated. In fact it may be said that, of the three
investisetions which have been carried out on these lines, one was
perirormed on hospital patients, and anctlier dealt with only a
comparetively small aumber of children. Only one investigatiocn
dealt with children in the general population and was of any
maganitude. The premier observation was that of Harries (1927)
wno noticed that in co.valescent scarlet fever patients in
Birminsham the Schick immunity fell from 55 per cent negative& in

o o e MR ATe .
Yebruary and ierch to 27 per cent negative at the end of the sSumoer
* - [ = S AW «
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st. fubiasz (19%2) reported that about HU per cent of a community
near Wersaw were vchick immune in the winter of 195C-1951, but
over 75 per cent were Schick negative in the late swmer of 193C.
The nost detailed i.vestigation was that of Hélis (1933) who
reported the results of 3799 Schick tests which were carried out
in Belgiwa during 1931s 1932 and 1933. n€1is found that the

‘
percentage of positive reactors was: in winter, 48; in sumner 52;
in spring, 51. His work did not therefore confirm the observations
of Harries and S5t. Tubiasz.

All these investigations suffered from an important
defect: they did not take fully into account the differences in
natural immunity which are caused by age and sex respectively.
Fgilure to discuss the age factor satisfactorily is obviously
serious. In the present investigation the writer has exami:ied the

westicn fully, and it is hoped that as many as possible of such

Ne)

fallacies have been avoided.

The incidence of the different types of oSchick reaction,
in the Leeds series performed by the writer,for different ages, sexes
and seasons age set out in tables xiii to xvi inclusive. For the
purpose of these tables the seasons were considered as follows:
spriung - March, April, uay; Swaser - June, July, August:

Autunn - September, COctober, November: Winter - December, January,
February. The investigation embraced two Springs and two sumaers,
togethsr with one Winter and four autumn months. In order %o
eliminate the changes of Schick imnunity which resulted from a high
prevalence of diphtheria between, say, one ®pring and “he next, it
would have beeﬂldesirable to carry the investigation a staze further
by re-classifying all the cases into six seasons instead of four.

[ P S e e :
This will ultimately be done, but up to the time of writing it

1.
nas

not been found possible to find time for this laborious work. This
criticisia is probably not a very serious one. Inspection of the

- . Y, L. ~ -l 3 ' ERY .
results of the primary oschick tests for each group (which will be

fo5un iv The 1 R i
found in the eppendix to the paper on toxoid and alum toxoid) will

show that there was no very marked variations as the months nasczed ‘
vesced,



so that 1t 1s probable that any difrlerences which sre found in
this inguiry must be atiributed to seasonel factors,'and not
to the effect of latent iwnunization.

The percentage of positive reactors at each
season, calculated for males and for females respectively,
from the data in Tables XIIL to XVI are set out in Table ZVII.
In the spring the actual rnunmber of males tested was 520, but
this number inciuded 105 males azed 14 to 19 years who were
tested in a residential institution. The necessary deductions
were therefore mgge gszprevipug;y.explained'before this and

similar percentages were calculated. The differences betwsen

these various results are set out in Table XVIII.
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TABLE XIII.

Schick Tests by Sexes (2666) (a) Spring.

Iegative + ++ ot
Age )? ﬁt To- M.F. To- M.F. To- M.F. To- M.F. Total

tal tal tal tal
P 1 s s -- - B -- - 4@ 12
1 112 38 5 151732 62 (8 2522 47
2 12 3 51 6 182642 26 |8 26 33 59
s 112 314 192746 56 9 2635 61
4 5 1 4 35 4 7 262652 35 8 3536 71
5 13 72 12 416 255257 61519 5656 112
6 9 616 114 15 31 39 70 1311 24 64 60 124
7 4 3 7 3 5 8|9 162 4 5 9 2029 49
8 8 5135 1 3 4 [14 1327 8 412 3125 56
9 5 611 4 3 7 7 142 3 2 5 1925 44
10 9 817 1 2 3 6 61z 3 3 6 1919 38
11 10102 2 - 2 /16| 723 1 1 2 2918 47
12 15 83 7 2 9 817 8 715 39 25 (64"
13 61016 2 - 2|4 3 7 1 7 & 13 20|33
4 7 71 1 23|« 11 123 912
15-19 g5 186 3 - 310 -10 7 - 7 105 1 106

Totals 178 78 266 63 03 94 Ei% 880 451 69 T4 143 520 424 944

caen .

wy

e




Uuder 1
1+
2+
3+
4+

5+

6+
7+
3+

9+

Schick Teste by sexes (26066)

AT
LADLG

LIV,

(b) Sumer.

Lezative + ++ +++ fotél
M. #. To- M. F. To- M. F. To- . F. To- . &. Both
tal tal tal: tal
_ 2 2 3 4756 11 -[1}1 8 13 2
1 - 1 2 4 61923 42 4 1\1] 5 26 28 54
- - -~ 3 1 42412 36 6 |4' 10 33 17 50
- 4 4 2 2 419219 38 9 ;9; 18 30 34 64
8 2 10 1 2 32132 53 8 kgj 17 38 45 83
4 9 13 9 2112632 58 11 12 85 50 55 105
1415 29 6 7132939 68 14 1529 63 76 139
S 3 16 2 1 31921 40 13 417 42 34 76
13 9 22 4 3 71112 25 7 815 35 32 67
1410 24 2 1 31919 38 4 5 9 3¢ 35 74
9 9 18 - 1 11112 23 4 2 6 24 24 483
15 7 22 1 2 %11 5 16 5 1 6 32 15 47
1710 27 3 2 5 9 6 15 5 1 6 34 19 53
s 8 16 2 3 5 6 2 8 7 2 9 23 15 33
- 2 2 1 - 121 3 - - - 5 3 6
R e T T !
111 95 206 41 35 76 231 241 472 97 75 172 480 446 926




TABLE XV

Schick Tests by sexes: (e) Autumn.

llegative + ) R o wotal
e i o, To- M. ¥. To- M. P. To- M. F. To- . F. Lot
‘tal tal tal tal

Tager 1 1 - 1 - - - 2 2 4 1 - 1 4 2 6
1+ - - - 1 3 4 19 12 3L 4 5 9 24 20 44

2+ - - - - - - 13 10 2% 2 4 6 1514 29

34 - 1 1 1 2 3 9 14 23 2 3 5 12 20 32

4+ 2 1 3 5 1 6 9 12 21 6 5 11 2219 41

5+ - 2 2 4 1 5 24 21 45 610 16 34 34 63

6+ 4 7 11 B 3 9 22 22 44 6.6 12 38 38 75

7+ 4 4 8 2 2 4 6 8 14 6 3 9 18 17 35

g+ 3 - 3 1 - 1 2 4 6 2 3 5 8 7 15

9+ 3 - 3 1 - 1 4 2 6 - - - 8 2 10

104 2 3 5 3 - 3 3 1 4 2 - 2 10 4 14
11+ 2 2 41 - 1 - 1 1 - - - 3 3 &
124 4 3 7 - 1 1 - 2 211 2 5 7 1z
3+ 1 3 4 - 1 1 1 - 1 - - - 2 4 .8
14+ 1 1 2 -~ - - - - - - - - 1 1 =2

15-19 = o o e e aeeaiimii o o o

27 27 5425 14 59 114 111 225 38 40 78 204 192 596
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1+
2+
3+
4+
5+

7+
8+
9+
10+
11+
12+
13+
14+
15-19

DABLE  KVI.
behick fests by Sexes: (d) wWinter.
lesative + s ot ~ iotal ~
oo #a  To- L. ¥. To- L. . To- k. F. to- iee I'e  DBoth
tal tal tal tal

e - 2 - 1 1 5 2 7 - - 7 3 1C
- - - - 1 1 20 15 &5 1 3 4 21 1° 4G
- - - 3 1 4 14 14 28 2 5 7 19 20 39
-1 1 2 2 4 13 22 295 1 6 7 16 21 37
2 2 4 2 1 3 12 10 22 7T 4 11 23 17 4C
3 1 4 2 1 3 14 14 28 7 6 13 26 22 43
84 12 2 1 3 10 15 35 3 4 7T 25 24 &7
61 7 2 4 6 5] 6 11 2 2 4 15 15 23
1- 1 - 1 1 4 11 15 1 - 1. & 12 13
24 6 1 2 3 6 8 14 =2 5 7 11 19 5C
2 3 5] - - - 4 8 12 111 12.: 7 22 ac
14 5 - - - 2 3 5 2 - 2. 5 7 12
14 5 1 1 2 1 - 1 1 3 4 4 8 12
-1 1 3 3 6 - - - - 228 3 & 9
1- 1 - - - - -4 4 4 4 - 1 - 1
25 54 18 19 37 llO 118 228‘ Bé‘5l 81 187 213 4C0

29.



PABLE  AVIL.
lales femgles
Total Ho.+ Per  Total o+ fer
tested (all types) cent tested (all cent
posi- trpes) posi-~
tive tive
(1) Spring* 415 322 77.6+1.4 [424 346  8l.6+1.38
(ii) Swmer 480 369 76.9+1.3 |446 351  78.7+1.3
(1ii) Autunn 204 177 86.8+1.6 |192 165 85.9+1.7
(iv) Winter 187 158 84.5+1.8 |[213 183  88.3+1.5

*The flmres@or Spring ( are after deduction of 105
males of whom 20 were positive (sece before)

TABLE XVIII

Males females
Difference Difference

Spring and Sumuaer 0.7+1.9 2.9+1.9
Spring and sutunn 2.212.1 4.312.2
Spring and Winter 6.942.93 6.742.0
‘Summer and Autumn 9.9+2.1 7.212.2
sSunier and autumn 7.612.2 9.6+2.0
Autumn and Jinter 2.3+2.4 Re4142.3

It will be seen that many of these differences, though

not very marked, are appreciable, and that from a consideraticn of
the probeble errors they apnear to be definitely significant.
Purther inspection of Table XVII will show that the percentacges
appear to be easily capable of grouping into pairs. For meles, the
fizures for opring and bwanrer are slmost identiczal (difference

= C.7+1.9 per cent): and the figures for autumn and Jirter are also
more or less identical (difference = 2.31+2.4 per cent). Jombining

these to form two groups we find that there were 8.5+1.5 per cent
more positives among males in Autumn and Winter than in opring and
Sunier.

for females, and

the difference between #he Spring

suier was 2.911.9 per cent; and betwesn autwan and Winter 2.4+2.%

—

per cent. Combining these we find that there were 7. 1+l.4 per



5¢.

cent more positives amoug females in autwan and «inter tnan in

: 3 o e e e
Sori g and sumner. These results are set out in Table LIL

Males. Females
Total | Total Per Total Total Per
tested posi- cent tested pogi~- cen?
tive posi- tive pcsi~-
tive tive
a)spring &
( RSumEer 895 691 77.240.95 |870C 637 80.1+0.91
(b)Aautumn &
Winter 391 335 85.7¢1.2 408 353 87.241.1
Difference:(a) and (b) = 8.54+1.5 Difference (a) and (D)
= 7.1%1.4

The effect of seasod Wl incidence was therefore itore
or less identﬂél in males and females respectively. Though the
differences are not so marked as those repcrted by ot.lTubiasz and
by Harries, they are quite definite, and proceed in the same
direction.

1t seems probable that in the early Spring the process
of natural immunization was hastened to such an extent that an
additional eight per cent of children became negetive. e must now
enquire on what class of individual this effect was produced

Table XX shows the percentage distribution of the
different types of positive reactors based on the total positives
at each season, for both sexes and for males and females
regpectively. For both sexes the striking feature is the
surprising uniformity of the percentages of ++ reactors in the
four seasons. There is also condiderable consistency in the +
and +++ groups. When, however, we split the figures according
to sex, we see that the uniformity of the ++ group is misleading.
Actually, in the case of the males there was a progressive increase
in the proportion of positives as 8pring advanced to winter: the
difference betwe:n spring and winter was 7.6 per cent. In the
case of the flemales, there was a brogressive decrease in the

proportion of positives as spring advanced to winter - the
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TABLE XX

Incidence of different types of positive reaction

at different seasons

Season Total Per cent. of total positives
positives
+ ++ +++

(a) Both sexes

combined |
(i) Spring 668 13.2 64.1 19.8
(ii)Summer 720 10.6 65.6 23,9
(iii)Autumn 342 11.4 65.8 22.8
(iv) Winter 346 10.7 65,9 . 23.4
(b) Males
only
(i) Spring 342 17.8 62.0 20.2
(1ii)Summer 369 11.1 62.5 2663
(iii)Autumn 177 14.1 . 64.4 21.5

(iv) Winter 158 11.4 ' 6946 19.0

(c) Females

only
(i) Spring = 346 - 945 69.1 21.4
(ii)Summer 351 10.0 68.7 2l.4
( iV) Winter 188 10.1 62.%7 27.1

for Sprin ,
(The figures given?forpbotﬁ sexes and for males are after
deduction of 20 positive males ages 15-19 years (see text)).
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difference here being 6.4 per cent. But, in the case of males
there was an increase of 5.2 per cent., and® in the case of
females a decrease of 4.6 per cent. between autumn and winter.
These changes occurred therefore for the most part during the
late autumn or the winter months.

These differences are so small that it is difficult
to draw any definite conclusions from them. There is, however,
some ground for suggesting that late autumn and early winter are
the periods when the most significant changes are liable to
take place in natural immunity to diphtheria. This statement
is, of course, purely tentative. A hard and fast conclusion
could only be made on a result of figures for a series of years,
and after due allowance has been made for increase in prevalence
of the disease at these periods. When, however, we take into
acchunt the fact that the Adsease showe& a constant high prevalence
in Leeds during the period under consideration, there does appear
to be some justification for stating thst in Leeds such changes
are most likely to take place 2t this particular season. A
difficulty is that the change is in opposite directions in the
two sexes.

The preliminary deductions from data such as these
must be accepted with caution. But when we consider the fact
that the degree of contact between children is obviously highest
in winter, we may infer that the marked drop among males in the
percentage of ++ reactors - that is, in the bulk of all positive
reactors - which occurs between winter and spring, indicates a
ready response on the part of the male to antigenic stimuli in
the environment. Among females on the other hand the period of
maximum antigenic stimulation is followed by a corresponding fall
in the proportion of ++ reactors only after some months. There
is a suggestion here that the difference may not be entirely artif-

icial, but that the slower response of the femzle may be due to

a true sex difference.



Association between schick otate and sage at viflerent -easons.

It is common knowledse that the natural immﬁuity‘of a
child population varies directly with the ages of the individuals
who compose 1t. But precise data on this subject are scarce.

For exanple, a consideration of Table X and Figure x might lead us
to believe that tie association between schick imaunity and age 1is
strong, but we are immediately confronted with the difficulty that
"gze' indicates not only the passage of years so far as the individ-
ual child is concerned, but also increased opportunities for contact

with the C.diphtheriae. There is no doubt that the values at

different ages vary considerably in different areas and possibly &at
different times; evidence on this point may easily be obtaineda by
comparing Figure x of this Thesis with Figure vii on page 284 of
the iledical Research Council's ionograph on "Diphtheria'™ (1923).

It will be seen that in the Schick curve which is’given in the
iionograph, the perceﬂtage of negative reactors approaches its
meximum very much more quickly, and is at all earlier ages at a
very much higher level thaa in the Lééds curve. This comparison
should ewphasise the fact that the following observations a:id
deductions do not necessarily apply tc¢ areas in which Teravis-
infection™ is not prevalent. To tlie best of the writer's knowledzge

the exact degree of association bectween oschick stave and zge, and

seasons, has never been determined. an attempt to measure this
associlation has been made in the following section, and it is
believed that no investigation of a similar nature has ever been
published. The statistical methods employed will be used again
in other portions of this Thesis, and as some of them are by no

means well known, it is desirable to commence with a brief
explanatory note.

ote on Statistical Methods.

The .ordinary methods for the calculation of the
correlation coefficient "r'" imply that the two varisbles are

graduated. In practically all the problems which are dealt with
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in Part I of this {hesis we have to consider variables whicnh

ses frofessor Xarl Fearscn's

w

cannot he sraduated, and in these ca
aethods for contingency are applicable. osuppose that the whole
population which is being iavestizated is arra nzed in colunns
accordi g to the classes of one variate, and in rows according to
the cldsses of the other variate, so that the whole population
sampled is represented by the total M and is distributed in cells

to form a contingency table. How let ﬂn7 be the freguency of

1
the cell in the pth row and the gth column, and let the vertical
margzinael freguencies be given by,ww,i and the horizontal marginal
frequencies by ,4vvf: . Hence we have
/th+/m/$-/-/mz -+

z c-—— - = - -

.+/VH7,%-["_ - - = /"V"..gg

ok v, + Mopr+ Mpst o - o - - -”-f'/m'/"i,""""':m/’-"

How, if the variates are indepeéndent, the expected frequency in

the Qgﬁﬂ cell will be ﬂhgzmvy and such values cen be calculated
. M

for each cell.

From this the trume value of mean sguare coantingency { fz)can be

calculated in exectly the same menner as that indiceated for the
calculation of the approximate value wiich 1s given below.

In most statistical phenomeﬁa, however, we do not know
the sampled population except by investigation of the sample, and
nence, as Karl Pearson has shown (Pearson, 1900) we must use for

m,m@z,andnmw:the values which are known to us, viz, “,4vi a4d1n¢

The expected frequency for the cell in the pth row and gth column
then becomes M 1 Mp:, and the contingency for that cell is
o ’VLM/P

ﬁz-__7v__. . he contribution of each cell to tie value af)(

is obtained by dividing the square of <this latter value by the

(B

expected freguency, so that

X S {/Vl//) M. MP //IA/.‘LM

2
From the value of ]( the corresponding value of E, which
indicates the probability that such a distribution s that

actually 7 - s .
al found would occur on the assumption that it was due %o



chance, is easily found if the degrec of freedom, n, is Xxaown.
In all the examples in this Thesis the value of]vamsfound
- , -

assuming that n was equivalent to Pearson's n - 1 (see Fisher,
1935]).

. 2

The value of 7& , the approximate value of the mean
square contingency which we are able to calculate from the sample

2

of the population, is given by‘£§% ,and the mean square contin-

gency coefficient (Cg) is given by the equation

¢z
C a
2 TNV I+ gf
The detérmination of the probable error of the
contirngency coefficient is more difficult. Pearson (1915) has
2 .

shown that the probable error of 4L is more easy to calculate

%
than that of ¢L and is sufiiciently accurate for all practical
purposes. The probable error of the mean square contingency

ccefficiert, as thus determined, is given by the expression
32 2 2 L
67449 A/ O+ /= pa [

VN (1+@2)°

4

M, g Mp, M,

5 / {452% "———1——55) n,, — 1 %
JE——— P4 N 9

whsre % N S -y X N

[ Mg Np,
N N

In all sections of this Thesis the probable errors of mean

square contingency coefficients were calculated in this manner.
It should be mentioned that the values for Upg could
have been transformed into approximate values for the corres-
ponding coeificients of correlation, of wiich the probable errors
are eegsily found, but it was considered that more accurate
results would be obtained by giving the coefficients in the form
of mean sguare contingencies. The significance of differences
between contingency coefficie:.ts was determined in.the usual
manrer, as in the calculation of the probable errors of
differences between means.

Schick State and Age: Sex Differcnces.

— T - - ~r~ . N .
Ian Tables XXI and XXII are given the actuzl and errecited



TABLE _XXI.

contingency Table: Schick State and Age; All Seasons: Males.

Schick Age Group
State
o 2+ 3+ %o 6+ to 9+ %o 12 and
5+ 8" 11+ over Totals
Positive 28 9. 79 27 31 234
+++ (35 66)(61.90)(61.07) (34.656) (40.71)
Positivo 157 217 162 89 42 667
(101.7)(176.4)(174.1) (98.78) (116.0) 7
Posgitive 20 46 40 16 23 145
* (22.10)(38.36)837.84) (21.48) (25.23)
Negative 7 36 82 74 146 345

(52.57)(91.26)(90.04) (51.10) (60.01)

Totals 212 368 363 206 242 1391
ABLE XXII.
gontingency Table: Sehisk State and Age: All Seasons; Females.
Sehieck Age Growp
State
o 2+ 3+ to 6+ %0 9+ to 1R and
5+ 8+ 11+ over Tt als
Positiwve 31 88 68 30 26 240
+++ (37.46)(74.17)(69.08) (36.33) (28.97)
Pogitive 143 25 206 86 23 709
(110.66)(219.10) (204.08)(107.32)(67.84)
Poiitivo 18 34 11 15 101
(15, 76)(31.21)(29 07) 115.89) (9.66)
Negative 4 82 eR 66 58 1 4]

(356.12)(69.53)(64.76) ($4.06) (21.83)

Totals 199 394 367 183 122 1278
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sehick ctate and aze: Spring: wales.

wchick Agze Group Totals
state To 2+ 3+ to 6+ to 9+ -to 12 and
5+ 8+ 11+ over
Fositive 8 12 ‘ 25 7 17 69
4+ (7.30) (15.5%; (15.26)(8.89) (22.03)
Positive
++ 36 . o 54 29 23 212
(22.42) (47.70) (46.89)(27.32) (67.68)
Positive 8 - 18 15 7 - 13 61
+ (6.45) (13.73) (13.49)(7.86) (19.47)
Vegative 3 17 21 24 113 178
(18.83) (4c.C5) (3¢.37) (22.94)(55.82)
55 117 115 67 166 520
TABLE XXIV.
vontingency Table: Schick state znd aze: Swnuer: Males.
schiick age Group
State To 2+ 3+ to 6+ to 9+ to 12 and Totals
5+ 8+ 11+ over
togitive 10 28 34 13 12 o7
4+ (15.54) (23.85) (28.29) {(19.20) (12.13)
Toaitive 48 66 59 41 17 231
++ (32.24) (56.79) (67.28) (45.72) (28.88)
rositive . 8 .12 . 12 3 6 41
+ (5.72) (10.08) (11.96) (8.12) (5.13)
Negative 1 12 . 35 38 25 111
(1.55) (27.29) (32.38) (21.97) (13.88)
Totale 67 118 14¢C. 95 6C 4380
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66 .

ALV,

h)

vonlbingency Table: ochick

State aud Aze: autuan: dalec.

wchick Age Group Totals
state To 2+ 3+to 6+ to 9+ and
5+ 3+ over

sositive 7 14 14 3 38

+++ (8.01) (12.67) (11.92) (5.40) .
rositive 34 42 30 8 114

++ (24.03) (38.00) (35.77) (16.21)
PCogitive 1 10C 9 5 25

+ (5.27) (8.33) (7.84) (3.55)
. 1 1 1 27
Hezative (5.69) (9.%0) (8.%7) (3.?4)
Totals 4% 68 64 29 204
TABLE XXVI.
coatingency Table: wochic: vtate and agze: winter: uigles.

Age Group

schick Totals
otate To 2+ 3+ %o 6+ to 9+ amd
o+ 8+ over
“ositive
4+ 3 15 6 6 30
(7.54) (10.43) (7.06) (4.97)
Cositive .
++ 39 39 9 13 110
(37.65) (s884)  U25.88) (15-24) '
Positive 3 6 4 5 18
+ (4.52) (6.26) (4.24) (2.98)
Negative 2 5 5 7 29
(7.29) (10.08) %6.82) (4.81)
Totals 47 65 44 31 187
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LABLE LLVII.

contingency Table: Schick State and Age: Spring: Females,

Schick
otate

rogsitive
+++

rositive

++

Positive
+

Negative

Totals

Age Group Totals
To 2+ 3+ %o 6+ to 9+ to 12
5+ 8+ 11+ and
, , over
8 24 20 6 - 16 74
(11.08) (22.17) (19.90)(1C.82)(10.12)
47 | 85 68 27 12 239
(35.51) (71.59) (584.26) (34.95)(32.69)
3 9 12 5 4 353
(4.90)  (9.88)  (8.87) (3.83)(4.51)
5 9 14 24 26 78
(11.59) (23.36) (20.97) (11.41)(10.67)
63 127 114 62 58 424
TAPLE XXVIIT.

Contingency Table: Schick ostate and Age: Sumimer: Females.

Schieck -
sState

Fogitive
+++

Pogsitive
++

Jogsitive

+

regative

Totals

: ',Age Group - . ’Totals
To 2+ 3+ to 6 1o 94+4to 12 and
5+ 8+ 11+ over
6 30 27 8 4 75
(9.75) (25.53) (23.33)(12.44) ( 6.39)
41 83 72 36 9 241
(31.34) (72.41) (76.73) (39.99)(20.53)
9 s 11 4 s 35
(4.55) (10.52) (11.14) (5.81) (2.98)
2 15 32 26 20 95
(12.35) (28.54) (30.25) (15,76) (8.0¢2)
13 74 38

- 134 142 446




TABLE XXIX.

Contingency Table: Schick State and Age: Autumn: TFeumales

‘ ~ Sehiek Age Group . Totals

State
To 3+ 4+ %o 7+ %0 1D and
6 9t over '
Positive 12 £3 6 1 40
Lt (11.67) (18.96) {5.48) (3.96)
L Positive 38 85 14 4 i
L Positive 5 5 8 2 n
p (4.08) (8.04) {1.90) (1.89)
Nessgive 1 20 4 ET I 27
(7.88) (12.80) (3.68)  (2.67) ,
Totals 86 o1 26 19 198

To 37 4" %0 7% 10 and
1 6+ 9+ over

. Positive s 7S Y 10 51
SR (15.09) (16.08) (10.84) (30.30 o
Positive 43 39 ] 11 118

+t (34.90) (64.90) (84.38) (as.,82)
Positive 6 ’ y 4 19

4 ot (8.62) {B.68) (3.98) (3.84)
| Hegavive 1 Y B i ]
. Totals ' - “ o n3

A

68.
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fregquencies for all males and for all females rgspectimiy4-

arranged in 5 x 4 tables. From these tables the following values

were calculated:-

2 .
X 14 £ Co
lales 310.760C0 12 <0.01 042734372
Females 195.5123 12 ¢.01 C.36464.0174

The values of )(Z and 2 indicate in each case that the
distribution is not a random one. It is rather surprising that
the valuesof CZ for Both sexes indiéate only a moderate degree

of association betweén age and the development of a negative
Schick result. The association is in fact very much lower than
one would ﬁave expected.' Thé difference between the.coefficients
is C.0627+0411; thaf?the difference is very small and is not
significant.

Schick State and ages Sex and Seasonal Variations.

The data were then tréated in a more detailed manner,
in orde? to investizate the possibility of any éhange in the
strength of the associatich between Schick state and age at
differemt seasons. Tables_XXIIZStduXXX give the contingency
tables frowm which the cbefficienté were calculated. 1In forming*'
these contingency tables it was impossible to make the grouping
the same in éll cases, sinde this method would have left certain |
cells with zero freguency. In most cases it will be seen that
the grouping is 5 x 4, and in only two instances was it neceSsary
to make a slight alteréﬁicn in thevposit;oh of the divisions on
the vertical scale. These alterétions do not, of course, have
any effect per se on the value of the coefficient. The actual

results are set out in Table XXXI.

TABLE XXXI.

- } (a) uales.

% Season 2 '

i)  Spring 152.8802 12 <0.01 0.4766+.0188
11) Summer 54.6468 12 <0.01 0.3197+.0272

111)Autumn 47.8181 " 9 <0.01 0.4358+.0440

I7) Winter 52.2414 9 <0.01 Q.3839+.0410
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(b) Females.

Season X ‘n B Cs
i) Spring 82.9792 12 <001  0.4046+.0275
ii)Sumser 66.1155 12 <0.01 0.3593+.0280
iii)Autumn 51.7478 9 . <0.01 0.4608+.0558
iv) Winter 32.5885 9 <0.01 0:3643+.0384

In this table the values of )(2 and of P indicate that in each
case the distribution is not random. From a casual inspection of
the values of Cs it would appear that the association for maleé
is strongest in #ee Spring, and lowest in Sumaer. In the case of
females, the association is again lowest in Sumuer, but it is *
apparently stronger in Autwman then in Spring. In order to
apsreciate the meaning of these results it is necessary to
1nves»1gate the differences more fully.
In Table Z{XII the differences betwesn the values in

Table XAXI are set out along with their probable errors. The
probable errors show that none of the differences in the female
group is significant.In the male group however, the difference
between the coefficient for Spring and Sumaer is considsrable, and
-is definitely significant, since it is more than five times its
Drobaﬁle error. The differsnces between the coefficients fof-ﬂ3fx?%
Spring and Winter and for Summer and Autuan respectively are also
considerable, and each is probably significant, since it is more

than twice its probable error.

TABLE XXXTI.

Differences between seasonal values of Cz in Table X¥¥I.

iales. Females.
(i) and (4i) 0.1569+.0331 (1) and (ii) 0.0453+.0393
(i) amd fiii) ©.0408+.0479 (i) and (iii) 0.0562%.0622
(1) and (iv) C.0927+.0431 (1) and (iv) Q.0403%.0472
(1i) " (iii) 0.1161%.0517 (i1) ™ (iii) 0.1015+.0624
(i) " (div) 0.0642+.0492 (ii) " (iv) ©.0050+.0475
(iii " (iv) 0.0519+.0601 (iii) “(iv) 0.0965F.0877

These differences are extramely interesting. In

considering their meaning we must remember that, in the working

class p0pulation of a city like Leeds from which these samples
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were drawn, age is practically synonymous with length of exposure

to the v.diphtheriae. We may assume therefore that, thdugh the

association between the development of«a negative Schick reaction
and exposure to the organism is practically the same in males and
females respectively, variations in the degree of this association
nevertheless take§ place in males though not in femsles. Dudley
(1929) discussed the evidernce which was given by the incidence of
pseudo-reactors in different communities, and he concluded that this
evidence, thouzh by no means definite, favcured the hypothesis that
the potentiality of responding to antigenic stimuli from the
diphtheria bacilli in the esnvironment is greater in the average
male than in the average female. The data which are given here
lend considerable support to this hypotheéis and even carry it a
stage further. It will be noted that the greatest difference

for males is between the coefficients for “pring amd Sumczer and
that the next greatest difference is betweesn those for Sumier and
Autumn. Antigenic stimuli in the environment are liable to be

most fregquent ir the Winter and early Spring, and hence we must
assumne that the increased liability of the male to become behick
negative in the oSpring is in some way associated with these |
increased stimuli. Though contizgency Aoes not necessarily indicate
causation, 1t is not necessary to neglect the suzggestions Whiéh:‘
may arise from a consideration of contingency. There seems
therefore to be some justification for concluding that the male

has a capaéity for increasing his power of responding to antigenie
stimuli when it is most wanted. For some unknown reason‘the
female does not apuear to have this capacity. The evidence points
Tto the fact, already suzgested by Dudley, that susceptibility to

diphtheria is a true hereditary sex-linked factor.
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The Incidence and Significance of Protein Reactions.

During the course of the present investigétion the
writer was frequentlﬂat & loss to interpret certain sSchick
reactiocns. This was rather remarkable siace difficulty had
not previously been experienced in disintguishing pseudo-reactions
from true Schick reactions. Dudley (1929) and others claimed
that certainly in not more than 2 per cent of cases shouid it be
impossible to i.terpret tae behick reaetion, and it is evident that
Dudley believes that an experienced observer would be able to give
a more or legs definite opinion on practically every test. It'ié
adnitted by many authors that the freguercy of pseudo-reactions may
vary in different places armdat different times. For example,
Dickinson {1%22) noted that 76 per cent of 109 convalescent
dtphtherie patients had positive pseudo-reactions.  Dudley (1929)
also noted a very high incidence of pseudo-reactions at Greeawich
Just after a big epidemic of diphtheria in the schoel. The
difficulty in Leeds, however, was not the freguency of anomalous
reactions, for actually they were cocmparatively rare. The sourcé
of coufusion was the type of reaction. In the past it has been.
gcustomary tc dvide pseudo-reactiocns intc ordinary pseudo
{("pseudo-negative™) and pseudo and positive ("donbined“)reactioné.
In the former the erythema effects only the control ama; in the
letter it affects both arms, but the erythema oxn the test arai is
more marked than thst on the control. In any case the protein

v

reactions fade within two or three days, and by the seventh day
& Odefinite negative or positive schick reé,ion can usually be read
In Lickinsons series 4.5 per cent of 222 pseudu-reactions were

visible at the end of a week, and he does not appear to have had

& great deal of dif’iculty in interpretirz them. Ia %the present

. - . the
series such pseudo~reactions were of course aet with, but/rezetion
vwaich will now be discussed was of g &ifferert type. In this
c -
regficn the erythema developed by the second day at the site of
both the test and the nt T ‘
) control. ! 3 .
1 These two arsas of erythema were

sractically identical in zppesrance. Instead of the protein =ware,
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sctions disappearing about the third or -fourth day, however,

t

r5

e reactions on both arms continued to'devélOp pari passu un?il.

by tie S;vénth day the two were still abmost identical.
“enctions of this tyoe do not appear to have been

oreviously described. In designating then it is obviously

undesirable to refer to Bhewas "pseudo” reactions, since this

term hes usually been applied to reactions which, while developing

in both aras simultaneously, begin to show differences in their
appearance after a few days, so tha: it should be possible to(
arrive in most cases at a dePlnﬂte decision by the seventn day.

In the resctiocns which are here described the erythema develoPS
simultaneously in both arms, and the further course is as givén
above. Further for the purpocses of this papér it is proposed to
designate these:phenomena as "test-ccntrol” reactioans, and for M
coanvenience "T.J.+" ma; be taken to indicate that the rezcticn thus
descrived showed gract cally identical aopesarcnces at tﬁe test and

)
control sites on the seventh day. A discussicn of the titration

results in these cases will be given in tae anext section, and it
will be shown that if ﬁthese reactions had beesn read‘as abgormally
persistent pseudo-reactions, inGicating that the lelauuls Were
lmaune, the inference would have besn wrong in about fifty per
cent of instances.

The incidence of true pseulo andrtrue combined reactions
certainly varies markedly with age; but it seems that in addition
to these veriations the incidence has been falling in recent yéars.
to be about 2.3 per cent in a series of boys aged 11 to 16 Jears.
Kelly,$tevens,and Beattie (1925) in their valifcrnian series
Tound that the incidence of all types of pseudo-reactions was‘
about 1.5 per cent. In most recent reports on the Schick.tesh
inch the writer has read the incidence of pseudo-reactions has
been so small that little mentiod has been made of the condition.
In the present series thé incidence of any type of pscudo-reaction

was hai . Thi
not more than 4 per cent. This deceease in the freguency
) [

1 710 A T 93 PO o N | -
Iz 1925 the frequeucy of pseudo-reacticns was fouund by Dudley (1923).

f
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ig probably to be attributed largely to improvementé in}£hev
method of producticn of Schick test fluid. In younz adults and
adults, however, a considerable percentage may still occur.

An example of this ig siven by the series of 559 adults in an
institution, who were tested by Young, Buanney, orooks, cgummings,
and Forsbeck (1954). Thece authors found that pseulo-reagtora
constituted 13 per cent, and combined reactors 2 per cent of the
todal.

The incidence of true pseudo-reactions and positive
test-control reactions among persons in the Leeds series who had
positive Schick tests, is given in Table LXXILI. It will be.. .
seen that the frequency of both types of reaction is éo low as

to be alimost negligible. The correspondi: g fizures for the

-

ai

ferent types of pseudo-reactions and of test-control reactions

in persons who had Schick tests performed after inoculation are
ziven in Tables XXXIVE and XXIV(b). It will be noted that the

frequency of pseudo-reactions and of test-conitrol reactiocns had

increased very markedly - the pseudo-reacticns by about gdcghteen

times and the test-control reactions by about five times. Further,
the incidence for the two types of reaction is practically identical
@ Von Grier and Kassowitzv{l9l9)yweré probably the first to suggést
that pseudo-reactions are dué fo bacillary substances, and éfgﬁm’
really true sllergic reactions. Dudley (1923, 1929) later showed

; that the occurence of a pseudo-reaction indicated fairly recent

sernisitdzation of the skin by the proteins of the C.diphtheriae.

when w 1 i s ati ] imi £ i
vhen we take into consideration the similar frequency (in the
post-Schick tests) of the two reactions which are under discussion
H
\. ) v . -1 ~ * . .
there would seem to be some grounds for believing that the test-

control phenomenon is also due to sensitization of the indi#idual

by the products of the C.diphtheriae, and possibly by its toxin

derivatives. '

vex incidence of pseudo-reactors. It is a well known fact

that pseudo and negative resctions are about three times as

common as pseudo and positive reactions. In the present series

¢
¢
£

th i : :
€ difference in the post~Schick tests was not quite so marked




" Primary Schick Tess

TABLE XXXIII

T f‘,»zr ?:?[ i

Incidence of Pseudo-reactors and T.C. reactors-

INDiviDyALs (Bserven

107AL  /SEupo- Reacrors

To7aL 1€st. Contoc 7Eﬂc7o?{

BoTH Bo7d Z 7
Mare | Femare | Sexes | MALe |Femace f,sie: MALe | Fempes :g';l'
189/ | I2y5 | 2666 3 3 6 8 /" /9

?fﬁ CENT. ?fgqpq .

774‘? CENT, TEgT. CONTRGL

T 0./14

Mace |Fe MALE gz;l;_ | MAace | Femace foi:’;
0.22 |0.24 [0.23 |0.58 | 0.86 | 0 %7
+0.09 (T 009 |to.06 + 0./8

o
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TABLE XXXIV(a)

Poat-Schick TesBts: Incidence of Pseudo-reactiona

InpivipuaLs QBserveD ToTaL ¥ & + & —
M| F | BorwSexes | M F \BornSees | M| F | BoruSexes | M | F | Boru Sexes
ToTAL ,
?ERCT/aNS l+5'l 4‘3‘ 8f7 17 22 3.9 8 8 /é 9 /[r 23
KevsaT
Er L 3lsz re | Y 4l | 512 7T 1R 2] &
INDIVIDUAL
INDIVIDYALS '
Daseaven |° 19|3%3| Vbl |10 |8 28 3|6 9 ' 7R /9
PERCENT 2.6 w.y 08|16 .93
AGEs. Fosstoys 3'7"-”0-'6130.0, *043 L2027, 0471 0.60 25t03
{For Tp1aL
INDIVIDUALS)

PABLE XXXIV(b)

Post-Schick Tests: Incidence of Test-control Reactions

—

-

%/Nbfv:f)én‘: OB;rERv:p Tes7- Conwtror Reactions 7’5\’(‘/5»/7/762‘ oF Test- &N?ﬂo‘ﬁ'ﬂ“wﬂfl
M F | Borw | M F Borw MAwe Femace | Born Senes
TotAL
Tencrions| D8T| 975|1942) 34| 35| 69] 3. 3.8 3.6
| Ferent ‘
e | 84| 61| 45| S| w| 9|60 6.6 6.2
/INDVDUAL
INDIvIDYALS | | V -
osserven | 883|914 |79y 29| 31| 60|33£04/|3.420413.320.28




since the respective percentages were 2.5 and 1l.2. ‘The
difference is 1.3+.047 per éenf, which is barely éi@nificant.
The sex differences iu certain large series of tests hgve been
fairly merked, For example, Dudley (1929) showedé that in the
Jalifcrnian series (Kelly.stevens and Beattie] 1925) combined
reactions are more freguent in males than in females, while the
pseudo and negative reactions are egual in both sexes. In the
present series of primary Schick tests the differences between
the percentazes for maies and femeles respectively were :
for pseudo and combined reactloqs J.02+ 13; for test- coatrol
reacticns, 0.28+.23.  In the post-Schick teots there is obV1ously
no sex difference for the incidence of test- control raactors
(see Table XXXIV( )). In ordinary pseudo-reactions the
differendes between the pereentages for males and females
respectively are : for pseudo and COﬂblueu r€”°t10mS B.li,9é:
for combined reactions, ©.08+43; for pseudo-reactions, ;.Zi,Vé
per cent. DNone of thsoce differences is definitely signifidént.
It is felt that this short discussion goes only pért
of the way towards the elucidation of the siznificance of protelqr
eacticns in a gravis-infected area, and that mﬁﬁch more wcrk
will be reguired before a clear understanding is reached. e
The problem was, however, attacked’from ancther esngle and the
conclusions which were rgaached will be found in section (@)

which deals with the Lioloney test.




PART I

Section (e)

QY THE RELATICNSHIP BETWEEN THE SCHICK TEST AND THE DIPHTHERIA

ANTITCXIN LEVEL OF THE BLOOD.

Since Romer (1909) first announced his method of
determining the antitoxin content of blood serum frequentJ
attempts have been made to ascertain whether there is an exact
relationship between such findings and the results of GScehick
tests performed on the same individuals. Ihe questicn is, how-
ever, one which is hedged about by many inherent difficulties,
and it still eludes a definite solution. The actual presence of
antitXoxin in the blood of Schick negative individuals was first
demonstrated by Karasawa and sSchick (1910), using Romer' s methdd,
and they also showed that antitoxin was more often present in the
blocd of edults than of children. Three years later sichiels and
Schick (1913) decided that a suitable antitoxin level for the
Schick test was 1/30 uwnit - Schick positive cases having less
than that amount, and schick nezative cases more. Xolmer and
Hoshage (1915) confirmed these findiugs. In their work ten
individuals who had positive Schick tests each showed lecs than
1/40 unit of antitoxin per c.cm. of blood; whereas twenty
individuals with negative tests nag each more than 1/25 unit, énd
some had as much as 10 units. Von Groer and Kadowitz (1915)
published a very important investiration dealing Withfzntitoxic

content of the blood of infants, and they found that e&ék;:é=ar

per cent of these had 1/200 unit or more of antitoxin. In a

further paper (1917) they showsd that at least 81 per cent of

normal adults had more than 1/2Q0 unity of antitoxin in their

blood, and that of this percentaze the majority had at least

1/5C unit. In 1919 these authors added still further to their

investigations on the population of Vienna argd reported the results
& = o)
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of titraticn of the blood of 1,062 normal individuals of all ageswa
The difficulties associated with the latter part of the dar period
in Austria prevented the investigators from making the investigation
as complete, from the qualitative'standpoint, as in their previous
work, and they had to confine themselves to the estimation of the
presence or absence in each case of 1/20C unit or more of circulating
antitoxin. The curve which they published shows that the inerease
in the percentage of persons with this amount is inclined to advance
by a series,approximately three steps to thg high percentage of 84
in young adult life. The three steps are quite marked in the
graph, and probably indicate certain definite stages in the liveé‘
of the individuals. These antitoxin estimations were accompanied

by Schick tests on each individual, but & comparison betweem the
two levels is somewhat vitiated by the fact that these suthors had
arn unduly high percentage of pseudo-resctions; and also by the fact
that in the larger part of the investization titrations were carried
out only within very broad limits. 4s a result of their work it is,
however, possible to state that the curve showing the percentage of
persons who have more than 1/200 unit of antitoxin in their blood .
agrees fairly closely with the curve showing the percentazes of -
Schick negative reactors at different ages. Ifrom their earlier work‘
it would further appear that these authors were of opiniocn that:most
immune persons have 1/50 unit of antitoxin in their blocd, but that
considerable immunity may also be given in some cases by amouﬁts
varying from 1/200 to 1/50 unit. In a later paper,Schick, von Groer
ard Kasszowitz (1924) definitely defined the Schick level of immunity
as 1/206 unit. Although this large series of cases undoubhtedly
constitutes an important investigation, it should be noted that

the results cannotvbe accepted without certain reservations. VThe
criticism has been made that not only was the population peculiar
in that it was suffering generally from the under-nutrition
associaced with the Jar, but the individuals were drawn from s
specialised hospital class and many of them were actually residents

in institutions. Similar criticisms may be laid against many such

“asults

i; - . L3 > »
avestigations, and it is doubtful whether we should resard these/
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of von CGroer and Kassowitz as seriously invalidated. ’Beber'(lQZl),‘
from guinea-pig experiments, suggested that 1/20 unit was necessary
to protect against one fatél dose in these animals; he alsc,thqught
that 1/100 unit might give protection against less severe infections
In this couantry it has beccne cusﬁcmary to rezard the
SChick level of immunity as considerably higher than l/ZOO'unit.
Por example, C'Brien and his coclleagues (1922) determined the
antitoxin content of the blood of 66 individuals and they coneluded
that 1/30 unit of antitoxin was necessary to prevent the deyelopmeﬂt
of a positive Schick reaction. This standard was for long regarded
as & useful average basis on which to work, but within the last
few yvears it has come to be recognised that this level is much too
high. For example, Hewlett (1930) states that imsunity to diphtherie
runs parallel with the presencé of a small amount -~ 1/200 to 1/40
unit per c.ocm. - of anxtitoxin in the blood. Topley (1933} is of
opinion that less than 1/10C unit of antitoxin per c.cm. will render
an individual immune to diphtheria. In his recent work at 7
Greenwich Hospital School Dudley (1934) found that, of 89 boys
wno were naturally or artificially imwmune and on whom blood titra-
tion had been performed, only one had less than 1/10C unit of énti-
toxin but 20, or 22.5+3.0 per cent had 1/25 or less. From his
observations Dudley suggests that at Greeawich the Schick level
was nearer to 1/100 unit than to 1/30 unit, and it is to e noted
that these investigations were carried out in a semi-closed community

in which infection by C.diphtheriae gravis had taken place.

O'Brien recently indicated that he was of opinion that individuals
who have a titre of 1/250 unit have reasonsble immunity, and that

most cases with a titre of 1/10C should show negative schick

reactions.

Im America the tendency nhas been to retain the original
stangard, in the region of 1/30 unit of antitoxin per c.cm. For
example, loloney and <raser (1927) titrated the blood serum of
183 individuals before immunization was carried out. Of 65 who

showed positive Schick tests, all had less than 1/50 unity. In
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a series of 41 negative resctors - 24 of whom showed'a“ppsitive
iloloney test - the titration results were as follows: 33 had
1/10 unit or more; two had 1/15; two had 1/20; oune had 1/25;
two had 1/35; and one had less than 1/50. It is evident that
in this series the Schick level was about 1/50. This conclusion
from the early wori of :loloney and Fraser is borne out by the later
paper of Fitzgerald, Defries, Fraser, Molouney and McKinnon (1932),
from which the inference may be drawn that in Toronto individuals
who have less than l/SQ unit are rezarded as positive schick
reactors, and that after immunization a titre of 1/25 unit is
regarded as satisfactory. In a recent investigafion Messeloff'
and Karsh (1932) found that 94 per cent of fifty one Schick
negative children had at least 1/30 unit of circulating antitoxin.
Flood (1930) reported less than 1/30 unit of antitoxin in a certain
percentage of Schick negative persons. Klein (1934) on the other
hand confirmed the results of lesseloff and Ksrsh. He titrated
the blood of sixty-six Schick negative chiidren, most of whom were
artifi¢ial imwnunes, and found that sixty-five had a blood tibre
of over 1/30 unit per c.cm: the other case had between 1/75 and
1/30 unit. In native races the results seem to be more or less
comparable to these. For example, Grasset, Perret - Gentil,
and Friedman (1933) carried out a series of ianvestizations on the
_natural immunity to diphtheria of South African Bantus. Phej
showed that 7.56 per cent of 172 natives sers had less than 1/50
unit of aqtltox1n. ‘They assumed that l/aO unit represented the
levgl below which the individual will show a positive Schick
reaction - the assumption béing based largely on the fact tﬁat av
similar percentage (viz. 8.29) of natives who were tested sﬁgwed
positive Schick reactions. |

On the uontlnent such comparatively strict standafds .
are being abandoned. For example, Meersseman, Friess, and Renard
(1933) tested forty seven subjects with two strengths of Schieck
toxin: oae fluid was of the normal strength prescribed by the

Institut Pasteur, and the other was of double this otrenvtn. The
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biood antitoxin results were correlated with the readings of fﬁeée
tests, and it was found that individuals who showed a negative
reaction to the normal dilution, but a postivje reaction to the
double strength fluid, had an antitoxic content of less than 1/30
unit. Claus Jensen (1931a) carried ouf a series of ixvestigzations
(a) on twenty nine natural immines, and (b) on 141 artificial
immunes (179 tests 5n 141 individuals). All the individvals inves-
tigated were Schick negative. In group (a) he found that 4 (14 per
cent) had a titre of less than 1/2000, and in group (b) 9 (5 per cent)
had titres of less than 1/200. Jensen says: "Il n'existe pas,
comme on l'a admis généralment, un titre antitoxique fixe (0,03 ou
0,0l U.h.) -~ "the Schick level' - pour lequel des individus passent
du groupe 'nézatif' au groupe fpositif’ ou vice-versa, cette limite
présente des variations individuelles considérables™. In a previous
paper Jensen (1931b) noted that an individuéffiad only ©0.00007 units
of antitoxin per c.cm, had a negative bechick reacticn. Further, he
showed (Jensen, 193lc) that 90 per cent of strong positive Schiek
reactors have less than 1/200C unit of antitoxin in their blood.
After immunization on the other hand positive reasctors usuzlly have

anything up to 1/40 unit of antitoxin per c.cm of serum.

Description of the Investigation.

The aim of the present investigation was two-fold: (a) to
gain some idea of the correspondence béfween the results of sehick
tests and the antitoxin content of the blood in a community heavily

infected with C.diphtheriae gravis: and (b) to investiszate the actual

antitoxin content of the blood in a number of cases ih which it was
difficult or impossible to form a defianite opinion on the sSchieck
state of the individual. The actual titraticn of the bloogd ;amples ‘
was carried out at the wWellcone Physiological Research Laboratariss;
for this service I am deeply indebted to kkmxkinﬁmﬁaaxam&xammxkﬁxﬁ
x Ur. R. 4. O'Brien and iIr A. T. Clenny. |

In every case - except those where the samples were
taken in hospital -~ the blood was drawn on the seventh day after

the performance of the Schick Test, at the time when the latter was
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read. <+t may be objected that this interval was perhéps sufficient
to allow the process of secondary stimulation to come‘into play,
and that therefore the antitoxin content might be in every case
hizher than it actually was.when the Schick test was performed.
There are, however, three good reasons for believing that this ,
objection dia not carry much welsht: {a) in -roup 4 over 75 per
cent and in group B over 50 per cent, of the tests were'primary”
tests - that is, the blcod was taken‘from, and the Schick tests were
perforied on, individuals who had not previously had any imnunising
injections. In the natural state we do not expect that a primary
stimulus has previously functioned to any extent, and we therefore
do not supnose that the small amount of toxin which is used forvthé
Schick test will have any effect in raising the antitoxin level.
Further, it is doubtful if this small amcunt of toxin could effect
an appreciable i:rcrease in the antitoxin content in the short space
of seven days. From Jeasen's curves (Jensen 1933) it would appear
that in his experiments the antitoxin level reached 1ts peak only
after ‘about a fortnight or longer. (b) A second reason for believ-
ing that the interval does not vitiate the results in the present
series of cases is that in the borderline cases the discrepancy is
on the wrong side of the line of demarcation to favour such vitiation.
This point will be discussed mcre fully later. (c¢) The most
important evidence is given by a small investigation which the
writer carried out, repeating the tests in the same individuals.
This will be déscribed later. -

The present series of cases is divided into two groups:
(i) those cases in which the reading of the sSchick test was quite
definite; and (ii) those cases in which it was difficult or impossi-
ble to read the Schick results.

Blood Content of Cases in which the Schick Result was Definite.

The main particulars rezarding these cases are set out
in Table XXXV. The information is sumiarised in Table XXXVI. which
]
gives the percentage of cases showing a negative Schick testlf within

each set of limits for each antitoxin content. It will be seen




TABLE  XxxV.

ACCEPTED DEFINITE OR POSITIVE CASES.

Case  Age Schick iloloney Antitoxin 2 = Prinary schick
No. result result content of 5 = bchick test
~ blood after inocu-
lation

H = bloed Avewn 1y hospifel

* gee end of Table

cl 6 ++(25) O <1/1000 S
ce 6 + (20} - <1/10C0 S
C3 6 + (15x20)0 <1/10¢0 3
C4 6 ++(30) - <1/10¢C0 S
05 6 ++(30) - <1/106C 5
6 6 +(17x20) 0 1/1000 S
c7 3 +(15x20) Q 1/1¢00 S
c9 6 +{20x10) O <1/100¢C S
¢10 6 + (18) 0 <l/1cCCC S
c11 5 + (20) - <1/10C¢ S
ciz 5 + (23) O <1/10C0 5
C13 5 ++(20x2510 <1/1¢C0 S
Cl4 6 ++(25x30)0 <1/1¢00 3
015 5 + (25) - <1/10CC S
Cl6 6 0 o 1/10C S
c17 6 ++(25) Ft.+ <1/100¢ S
018 7 0 +D% 2 B
c19 9 0 + 1 S
020 8 ++(30) +D <1/10¢ P
czz 13 0 +++ 1/2 P
€23 11 C + 1 P
c24 5 ++(22) 4+ <1/1600 P
c25 14 +(Ft:25) + <1/1000 P
C26 14 C +++ 1/2 P
ver 10 (1. 25) +++ <1/1000 B
cz8 5 0 ~ 0 1/10 - 1 P
ca9 8 0 0 1/50 P
G330 7 +(F%.) 4D 1/25 P
031 11 0 ++ 1/10 = 1 P
€34 6 +{Ft.2C) - <1/10C0 s
035 6 +(F$.20) - <1/1000 S
C36 9 +{Bt.10) - 1/250 ™ S
Cca7 10 0 ++ 1/25 P
38 8 +(22) 0 1/1ce P
€39 9 - 0 +++ 1/25 P
G40. 8 +(17) 4+ < 1/1C090 P
41 11 0 + 1/5 o
c42 7. o) 4D 1/10 P
b4l 14 +(Ft.25) +D <1/1600 P
T3] 13 0 + 1/5 P
48 11 + (25) ++ <1/12C0 P
U4 9 C ++ 1 ' D
048 11 0 + 2 P
49 12 s 0 1/5 P
¢H0 9 0 s} 1/2 o
051 11 0 + 1/2 P
052 12 0 + > P
o3 12 Q ++ 1 B
054 11 ) + 2 -
G55 9 0 + 1 S
57 8 0 +D 1/100 P
©o8 10 0 4D 1/ P
C59 11 0 ++ 2 P
C60 15 0 ++ 1 »
c62 11 0 0 S 5




TABLE XXXV (CONTD)

Schick - Iioloney

Jase ige antitoxin Y. = Irimex
1o. result result content of 5. = ochick
Blocod
64 10 o} +D 1/25C I
65 13 ++(20)  ++ <1/1030 2
055 1C +++{24) ++ <1/10GC i
J67 10 +(25) 4D <1/1050 P
068 13 ++++(70) + <1/10060 2
C69 16 0 +4 1 P
ide 15 0 ++ 1 P
Wal 14 0 + 1/5 P
c72 14 Q ++ 1 ?
C73 10 0 ++ 1 P
C74 13 0 +++ 1/5 - P
C75 8 0 0 1/25 P
C76 13 0 + 1 2
ST 13 0 ++ 1/5 P
c78 13 0 + 1/250 P
C79 3 0 0 1/250 P
c8e 17 0 +D 1/5 P
081 18 0 +D 1/5 P
€82 18 0 +D 1/5 P
285 15 0 +D 1/5 P
86 18 0 +D 1/2 P
visks 10 0 + 1/10 P
ek 11 Q Q 1/5 P
ca9 12 0 + 1/5% P
090 12 0 + 1/250 P
Gol 9 +(V.ft ) 4++ 1/250 P
c92 13 0 +++ 1/5 P
Co3 13 +(£t.35%  + <1/100¢C P
Bt TR 2 ZC .
095 7 +(20 with ++° 1/5 P
desquama- '
tion}
C96 14 0 + 2 P
CoY 4 o] + 2 P
Wl 5 0 ++ =5 P
¢1ee 7 0 ++ 2 P
€101 13 0 0 1/2 P
cLoz 11 0 +D 2 P
¢1c3 11 0 ++ 1 P
C1C4 9 0 ++ 2 P
¢108 12 0 - 2 5
G109 12 +(25)  ++ 1/2 P
C113 6 0 - >5 T
Ccll4 14 +{#4.22) + <1/10C0 P
115 23 +(Ft.28) ++ <1/1000 P
Cllé 25 +(Ft.30) + <1/100¢ P
C118 9 +{16) - 1/500 H
¢120 10 ++(30)  +++ <1/100C P
U123 12 +(25) - ‘
v 1/1000 S
vl24 10 0 - 1/950 ,
C126 13 o +++ 5 | P
2127 9 Q +D 1/2 P
c128 13 +(30x15) © <1/1¢00 P
- T SR N : :
Y 6 0
G151 3 ++(27) +D 2 P
+D <l/1000 P
0132 7 ++(24 - 1/5 o
with *
C135 10 desq. )
+ : ;
1na ; (28) _+ 1/10c0 P
€135 6 1/5 H
0 - 1/50 g
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TABLE XXXV (CONTD)

case Age Schick Moloney  Antitoxin Primery
o result result  content of - ochick
blood E -

U RO
1

0139
C140
cl4z2
C143
Clé4

- 1/10¢
5

1/10
- | /1co
- : 1/1
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* For a description of - thlS reactlon see seﬂt n (&) of
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tha* the cases fall broadly into two groups: (a) cases inlwhich,
for every titre the blood content agreed with the Schick testh
results; (b) groups of cases, a proportion of which showed at
certain titres discrepancies between the odchick test and the blocd
findings.  Group (a) eabraces all the cases in which the Dblocd
antitoxin was less than 1/250 unit per c.cm. (38 cases), and
cases in which the blood content was over 4 unit (30 cases).

Group (b) lies between tﬁese two extremes and is made up of

50 cases. These will require further examination.

The cases which have 1/50 unit and 1/1C unit respectively
nay be left out of further consideration, siance all cases in whéeh
these groups had an antitoxin content which accorded in each instance
with the Schick result. Particulars of the other 43 caées are

given in Table XXXVII.

e,
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TABLE XXXVII.

Blood content. Cases (P

P - primary schick tests
S - tested after inoculation]
1/250 ~ Positive 2 (1p; 15) 1 L
Negative 5 (4P; one case bled when oschick
perforied;
1/10¢€ Positive 1 (1)
Negative 4 (1p: 35)
1/25 Positive 1 (1P )
Fegative 3 (zp )
1/5 Positive 2 (1P: one case bled when oSchick
performed)
Tezative 14 (13P: one case bled when schick
1/2 Positive 1 (1p*) performed )
Negative 1c (iop )

*see below.

The positive case which had * unit per c.cm. received .
7.2 c.cm of toxoid when the Schick test was performed. wlthough
there is some reason to doubt whether this amourt of toxoid in
ah natural susceptible would affect the blood content td - any marked
extent, this case will not be further considered here. we are
left with 42 cases, 35 of which were primary Schick tests, four
were "secondary" ochick tests, and three were cases in which the
blocd was drawn at the time when the Schick text was performed.

It is obvious that in the 1/250 and 1/10C unit groups we uust pay
particulsr attention to the negative reactors; on the other hand,
in the 1/5 and 1/2 unit groups we must scrutinise especially the

positive reactors.

It will be noted that in the 1/25C and 1/10V unit groups
one of the negative reactors was bled at the tize when the Schick
test was performed and five of the ather eight cases were primary
Schick tests. Even if we allow for the influence of the Schick
toxin in acting as a secondar; stimulus the result would be that,
by the time the blocd was drawn the antitoxin content would be
higher than the value actually represented by the Schick test.

On this view the neﬁ”tlve Schick tests in these two groups must
have represented an antitoxin content of l/lGO at the highest;
The conclusion must be that a negative Schick test is not infrequent

in izdividuals who have not more than 1/100 unit of antitoxin in
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their blood. ' (

Jonsidering now the groups with 1/5 or 1/2 unit of
antitoxin per c.cm. we find three cases with positive reaétions.
It has airsady been azreed to exclude one of these (see 109).

Of the other two positive cases, in.one the blosG was drawn 1n
nospital at the time whén the Schick test was perforued; the
resulting test was markedly positive witsh desquamation. The other
case was a primary Schick and the reacticn was quite definite with
desquamation. These two cases are guite opposed to what is usually
founrd, but on coaéideration it would seem that the evidence must

be accepted and that therefore in a series of cases we ray expect
to fird a few individuals who give similar anOmalous results.

The difficulty about any investigation of this type is
that the majority of the cases must always lie at one or otier of
the extremes of antitoxin content; hence, in corder to obtain a
satisfactory number of cases whose antitoxin content lay within
the narrow limits - say, 1/10Y to 1/10 unit per c.cm - in which we
are especially irterested, a very larze series would nave to be
investigated. There has been nothing of this nature since the
work of von Groer and Kassowitz, and unfortunately in the bulk of
their investizations the titration values were not sufficiently
fine to elucidate the question at issue. This point has already
been raised by Glenny (1931). In the present investigation, if
we exclude case 109, we find that of 44 positive reactors, three
(6.8 per cent) had antitoxin’eonteqt of over 1/50 unit, and of
73 nezative reactors nine (12.3 per ceant) had an antitoxin content
of less than 1/50 unit. It must therefore be concluded that the.
zone of demarcation which represents the Schick level of immunity,

with the fluid at present used, is indeed a very broad one.  The

actual Schick level in any individual case may be towards either
the upper or the lower limits of this zone, but the chances are
roughly three to one in favour of the antitoxin content of a

negative reactor being around the 1/100 unit limit.
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Blood Content in Cases in which the Schick Resctionwas Doubtful.

In the preceding section of this Thesis the incidence of
pseudo-reactions and the difficulty in interpreting certain
Schick test results was discussed. Further, an uafamiliar type
of reaction, which the writer proposes to call a "positive test
control reaction” ("T.C.+") was described. It was shown that
thege T.C. reactions are fairly frequent, and that they make it
almost impossible to arrive at a decision regarding the actual
result of the Schick test. The actual significance of these
reszetions was not considered then, but the guestion will be dealt
with now.

Table XLXVIII gives particulars of 26 of these cases in
wiiich the results of blood titration are available. Cf these
fourteen were read on the second day as well as on the seventh
day; the remnainder were réad only on the seventh day. It will be
noted that in cases ¢ 56, C 117, and Cl37 the control.showéd no
reaction. These three cases were admitted to this table becauée
the schick reaction was doubtful, and they could not therefore be
placed in Table XXXV. In case ¢ 117 the Moloney test was ++ at
the time of the Schick test, and it is possible that the faint
reaction to the Scehick toxin may be due to the developement of a
local allergy; this, however, does not explain why there was no
reaction at the control site. In conneetion with Case (137 it
should be noted that the iloloney test was definitely nezative one
month before the Schick test,which is referred to in the Table,
was performed. Further, since the first Schick test - also carried
out one month previously -was positive, it is evident that the
individual developed a very hizh degree of Imunity (5 antitéxic
units) in this short period. The iloloney test was not repeated at
the time of the second Schick test, and it is possible theeefore ‘
that it may have been positive. If this were the case, the faint
reaction on the test ar: may again have been an expression of

local allerzy.

O0f the remaining twenty three cases each of which
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Cases not aceepted as definite positive or negative
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presented more of less equivalent reactions on the dontrol and
test arms on the seventh day, twelve showed a blood antitoxin
content of 1/5 unit or more (most cases being one unit or over);
eight showed a content of 1/500 or less; and three gave 1/250,
1/100, and 1/50 respectively. In other words these cases may be
divided roughly into two more or less egqual groups - the blood
results showing that the cases in one of these groups should have
been positive, and in the other negative to the Schick tests. This
means that if a typical seven day reaction of this type is met with,
it is quite impossible to decide, apart from blood titration,
whether the individual has or has not sufficient antitoxin in his
blood. This dispoées of the view that pseudo-reactions always
disappear before the seventh day, and that Schick tests can there-
fore be easily read then. It will also be noted that two of these
cases showed slight but definite desquamation. HIn Case C 21 the
desquamation appeared only on the test arm, and the blood showed
that the test should have been positive. In Case C 107 desquamation
was noticed on both arms, and the blood showed that the patient was
definitely immune.

These "test-control reactions” may be divided broadly
into two types: (a) Those in which each reaction has on the
second day more or less the appearance of a positive Schick
reaction: that is, it exhibits definite erythema; on the sevénth
day the appearance and size of the reactions are not much altered,
but the erythema may have become of a "fleshy" nature, or on the
other hand it may be mottled. (b) On the second day the reactions
nay be as in (a), but by the seventh day they have both faded, and
the test and control arms show a dusky staining which is always
perfectly definite. In Table XXXIX the cases are divided into
these two groups, and they are also arranged according to the type
of Schick result which they should have shown - judged from the
results of bloocd titration. The results of Moloney tests are
also given. It will be apparent from this table that no conclusion

as %o the possible antitoxin content of the blood can be drawn
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from the appearance of these reactions either on thé éééond or
on the seventh'day. 1t is suggestive, however, that_ali‘the
cases which showed duéky reactions on’the seventh day, and in
which the antitoxin content was 1/5 unit or more, also showed
positive iioloney reactions; Further, these were the only cases
in eroup (b) which gave positive Holoney results. This may
possibly be some guide to the interpretation of these puzzling
reactions.

It will be noted that in cases C63 and C 107 the tests
were repeated on the seventh day when the origihal reactions were
read. The result in C 63 was a normal positive schick reaction -
which agreed with the antitoxic content of the bloocd. The result
in G 107 was another positive test-control reaction. It would
thus appear that these reactions may or may not recur, and it is
possible that they have little relation to the actual antitoxin
content of the blocd. This suggestion bears out the conclusions
drawn from Table XXXIX. These reactions are evidently not due
to Schick toxin, which is thermo-~labile - otherwise they would not
éppear at the control site. Again, it seems unlikely that they
can be caused by the ordinary protein constituents which are
usually held responsible for the occurrence of pseudo-resctions.
"It has for long been a fundamental principle in reading Schiek
tests that these pseudo~reactions disappear before the seventh
day. There is a possibility, however, that these test-control
reactions may be due to some other constituent of the reagent
which is thermo-gtable in nature and which is not identical with
the ordinary proteins which cause the pseudo-reaction. When we
take into account the frequency with which they appear in Moloney
positive reactors, it seems possible that they may be of anm
allergic nature. The peculiar feature is that, if we admit that
these reactions are allergic and affect both arms eqﬁally, in ‘
individuals who have less than, say, 1/250 unit of antitoxin
the normal positive Schick reaction appears to be inhibited

altogether, and does not become superimposed on the allergic
. 2D

manifestation.




Discussion.

It has been stated that in this investigation the blood
samples were practically &all drawn, not at the time when the
test injection was made, but six days later. Tuhe only exception
to this procedure was iun the relapsed cases, waich are specially
referred to, and which have been deslt with in a separate investi-
zation (Underwood, 1935b) and section (h) of this Thesis. The
main reason for taking a partiqular blocd sample was to determine
whether the individual case was immune according to the result of
the blozd estimation. Hence it follows that a large number of
the cases in this series presented some anomalous feature which
nade interpraetion of the Schick reaction difficult. If the
blood samples had been taken at the time when the ochick tests
were performed, the only method of securing the investigation of
a satisfectory munber of such anomalous reactors would have been
to take a very lsrge number of blood semples. This course was
obviously impracticable. In one sense, however, it was fortunate
that the blood samples were not taken at the {time when the Schick
tests were perforiaed, for the results offer a comnentary upon the
extent to which a small secondary stimulus will operate.

Glenny and Stidmersen (1921 ) showed that in an experimental
animal the injection of an éntigen might produce a fairly rapid
rise in the antitoxic content of‘the animal's serum, but this
rise was succeeded by a rapid fall. A"Secondary stimulus?
however, in the form of a subseguent injection, even though it
were much smaller quantitatively than the original stimulus,
would be <followed by a rapid rise of the antitoxin content, and
this rise would be maintained over a considerable period. yclenny
and Allen (1922) showed that a rabbit which had previously
received a primary injection without the subseguent production of
detectable antitoxin, produced 1 unit per c.cm. in seven days
after the injection of a Gose of toxin equivalent to that.uéed

in the Schick test. In summnarizing his work on animals Glenny

(1925) later suggested that in human comumunities the individuals
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could be divided into five grades of relative immunity, the
classification being based, not only on the Schick results but
also on the individuals previous acquaintance with specific
stimuli. In méﬁh Glenny's work was confirwmed by QO'Brien (1926)
who showed that the amount of toxin used for the Schick test could,
in certain individuals with a basal or active immunity, turn the
scale between a positive and a negative wochick result. I Glenny's;
later views (Glenny, 1931) are studied it will be seen that in
~animals the minimum latent period before detectable antitoxin is
produced by a primary stimulus is nine days, whereas affer a
secondery stimulus it is two days.

The Getails of the Tables should be studied in the
light of these experimental considerations. From Table XXXV -
it will be seen that, of the 118 cases, 27 were'secondary"-
Schick test cases - that is, the Schick tests had been performed |
at least one month after a course of inoculations, and the blood
was drawn six days after the performance of the sSchick test.
Yet in no less than tweﬁty two of these twenty seven cases. the ..
antitoxin content of the blood was 1/100 unit or less per e.em.--
The actual details of these twenty two cases are given in the:.

following table (Table XL) - o : Cand

H

Table XL. HE L p D
<1/1000 1/1000 1/500 1/250 1/100
Antitoxin ’ |
content
(units per
Cc.Cm

Cases ' 15 o 3 - 1 3

The fact that such?large proporticn of the cases had lessg than
1/500 unit of antitoxin per c.cm shows definitely that in many
cases which are Schick tested at least a month after the completidn
of a course of inoculations the amount of toxin in the Schick:
injection is not sufficient to cause any rise whatever in the
antitoxin content of the blood. It may be objected that four. of
the twenty seven cases gave an antitoxin content of 1/250 unit

or over.  But it will be readily seen that this objection carries

no wﬂgght, since there is no evidence that, as a result of the
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inoculations, the blood content had not risen to this level before
the Schick test was performed, It would seem that thCSQ results
suggest that in man the amount of toxin in the Schick test dose
is not a sufficiently strong secondary stimulus to have ah apprec-
jable effect upon the antitoxin content of the blood six days after
the performance of the Schick test. This consideration also lends
weight to the previous argument that, in this series of cases the
antitoxin reswlts, in respect of individuals from whom the blood
was withfrawn six days after the performance of a primary Schick
test were not materially affected by the interval.

In most of the papers which are cited here the blood
samples were not taken at the time of performance of the Schick
tests . Quite recently it has been suggested that the amount of
toxin in the Schick test fluid is sufficient to act as a secondary
stimulus ~ especially in persons who have redeived prophylactic
inoculations. Dudley (1934) specifically refers to this possibility
and in a‘number of his cases the blood samples were drawn at the
time when the Schick test was performed. Experémental work is
evidently necessary to settle this question; but the writer does
not know of any investigation in which blood samples were taken at
the time of performance of the Schick tests, and repeated six days
later on the same individuals when the tests were finally read.

Table XLI gives the results of a small investigation on these lines,

~ which was carried out by the writer on London children.

TABLE XLI - Results of repeated titrations in same individuals

Primary tests: Case No. 1l 2 3

Antitoxic units :
(a) day Schick test performed 1/1000 1/5 1/5
(b) Six days later ' 1/1000 1/5 1/5

Schick tests after inocukation:
ase No. 4 5 6 8 9 10 11 12 13 14
(a)-as above 5 1/10 201/10 2 1/5 1/25 1/25 1/500 2
(b)-as above 5 1/6 101/10 2 1/5 1/25 1/25 1/500 g

This series is admittedly veryy small, but the taking of repeated
Ssamples at such short intervals presents difficulties. Such as it

is, however, this éxpgrinental evidence bears out the theoretical

|

|
|
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conclusions which were dramn before. . It would seem that even
in individuals who have received three doses of a Qrohpylactic
three months previously the amount of toxin used in the Schick test
is not a stimulus of sufficient magnitude to caiide an appreciable
rise in the antitoxin titre of the serum within the limit~ of six
days which was observed throughout the whole of the present investi-
gation.

A further interesting point in relztion to Table XXXV
is that, éenerally gpeaking there was no markéd associaticn between
the amount of antitoxin in the blood and the strength of the Schick
reaction. In guinea pigs Glenny and Waddington (1929 ) showed that
there was a marked direct relationship between the number of Schick
Test doses of toxin which was tolerated and the antitoxin content
of the blood. A%t Greenwich Dudley (1934) found that exceptions to
this rule were fairly frequent. In the present series the main

features are given in Table XLII,

TABLE XLII.
Antitoxin content S ‘
of blocd. Schick result Total
+++ ++ 4 ' '
Individuals with o
<1l/ig0 2 11 .20 .. . B3
" with 1/1000 or ' )
1/500 = - - 5 5 .
vm 1/250 or _ .
B 2 12 a2 45

In this table the figures for the +++ and ++ reactors are‘probably
unduly low, since the tendency was to withdraw blood from faint

positive reactors. Nevertheless, it would seen thatvfhé assdziagggn

between the two conditions was not very marked.
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‘PART I.

SECTION (4)

THE DIPHTHERIA TOXOID-REACTION (MOLONEY) TEST:

ITS APPLICATIONS AND SIGNIFICANCE.

The diphtheria toxoid-reaction test was introduced in
1927 by P. J. Moloney and C. J. Fraser for the purpose of
detecting those individuals who would be likely to give undesirable
reactions on the injection of toxoid for diphtheria prophylaxis
(Moloney and Fraser, 1927). The test was soon fiwed as a routine
measure in Toeonto, and Burke (1930) collected the reéults; a
larger series was published by McKinnon and Ross (1933). Although
the Moloney test has now been.very extensively used in Canada,'
very little work has been done on it in this country. O'Brien
and Parish (1932) described the results of testing 906 individ-
uals, and decided that the Moloney test was equally effective in
picking out persons who were likely to react unfavourably to the
much stronger toxoids which they had used as it was in indicating
thoge who would react to the weaker toxoids of the Canadian
wbrkars; and Parish (1933) later published & smaller serias.
Underwood (1934)(a) published the results of 905 tests and - -
discussed their relation to the reactions which follow the
injection of potent formol toxoids; he also described a delayed
reaction to the Moloney test (+D reaction), which will be =" -
discussed in more detail later. The paper by MoSweeney (1935)
discusses certain features of 837 tests pefformed at Cardiff.

This section of the present work is based on 2666
Moloney tests performed before the 1ﬁjection of a prophylactie,
and 595 tests carried out after the injection of toxoids. The

whole of the work, including both the injections and the




subsequent readinge of the reactions, was Qarried'out by the
writer, so that the fallacies which are_sometimés associated with
the different standards of reading adopted by individuals in
groups of observers do not ariase. It should be mentioned that
all the tests were performed in Leeds, in the children of school
and pre-school age whose Schick tests were discussed in section
(b) of this Thesis.

Before proceeding to discuss the results a word should
be s4id regarding nomenclature. In their original communication
Dr. P. J. Moloney and Miss C. J. Fraser used diluted toxoid not
only to detect sensitive individuals, but also as a substitute
for the Sohick control test. They said: "Previous work has
shown that diluted toxoid is as effective as the heated control
for determining pseudo reactors; in addition diluted toxoid
serves to indicate those individuals who may react to a
subcutaneous injection of toxoid."” In Canada the test appears
to have been known generally by the name of the "diphtherid toxoid-
reaction test", and the name "Moloney test™ seems to have been
given first by O'Brien and Parish (1932). In a recent address
Dr. O'Brien (1934) referred to the test as the "Moloney-Fraser
reaction". As the test is now fairly well known in this doﬁniry
by the name of the WMolbney teat" this name will be adopted in
this Thesis. It should also be noted that Zoeller (1925)
introduced a modification of the Schick test which consisted of .
the injection of a l/lOO dilution of Remon's anatoxin at the ‘same
time as the Schick test was performed. Zoeller thought,
however, that & positive result at this site was a transitidh
stage between susceptibility to diphtheria and complete immanity.
He also thought that such a positive reaction could againjﬁéébme
negative, and accordingly complete immunity was represented by
& Schick-negative combined with an'anatoxin-negative reaetidn.

In any case Zoeller does not seem to have recognised the
important use of the test for th§ pirpose of detecting toxoid-
reactors, and hence the name "Moloney test" is justifiablygi

retained.
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Description of the Test

The test consists of the intradermallinjectidn of
diluted toxoid. The amount iﬁjeeted is usually 0.2 c.c. and
the toxoid dilution 1:200. A positive reaction usually develops
within 24 hours and is at its meaximum in about 48 hours. The
test can be read either after 24 or after 48 hours. In the
geries which will be described all the tests were read after 48
hours, though some were also read at 24 hours. ‘The positive
reaction is usually described as of three grades, +, ++, or +++.
Fitzgerald, Moloney, Fraser and their_colleagues (1932) describe
the different types as follows: "1+ signifies an area of redness
no greater than lem.; 2+ an srea of redness greater than ld@..
but with little or no induration; 3+ indicates definite indurat-
ion at the site of the ihjeetion." In the paper by MéKinnon
and Ross (1933) the reactions are classified as follows: t -
redness of 1 cm. oOr 1es§, with no induration;‘ ++ - rednesi x
greeter than 1 cm., with'no,induration; +++ = redness o
accompanied by induration. O'Brien and Parish (1932) gavé iﬁé
following description of the "definite®"™ reactor (correspondmhgyﬂ
to +++): "'Definite' indicates a central zone of redness witﬂ“;:
palpable thiokening of the skin 15 to 35 mm. wide; this i;‘
surrounded by:a flushed zone varying from an easily delinited
ares 40—120 mme %o a faint flush 10-15 cm. widé, merging into the
colour of the surrounding gkin.™ A "mild" reaction (corresﬁohd;
ing to ++)}they describe as "a faint red flush 25;100 mm, ﬁide“.
In a later paper Parish (1933) gave the following descriptidn:
"M+++ or 'definite' indicated a large zone &f redness with
palpable thickening of the skin; M++ or 'mild' was an ares of
bright hyperaemia of more than 10 mm. in diameter, with very
slight induration; where induration was absent a very faint
flush irrespective of its diameter, or a bright reaction of leéﬁ
then 10 mm. was clasaified as M+ or ‘faint‘“ The classification

which the writer adopted weas more or less that of Parish but was




lo&.

modifiséd slightly as a result‘of‘preliminéry worke. A1l the tests
described in this peper were classified according to the definit-
ijons which were given in a previous paper (Underwood, 1934a):
n(1)'Definite reasction® (M+++): a large areavof erythema up to

40 mm. or more in diameter, wifh a definite palpable area of
jnduration in the centre; (2) 'mild reaction' (M++): an area of
erythema of more than 10 mm. in diameter, with an area of slight
induration; (3) 'faint reaction' (M+): a definite area of
erythema of less than 10 mm. im diameter, without induration,

or eny area of a faint pink colour which showed no thickening,

and which was not @ue to trauma." With the.exception of the

classification of McKinnon and Ross, these definitions are all’
more or lesse similar, but the one which is used in this paper
probably allows of the most satisfactory classification of the
reaction which consists of a definite area of erythema of about
15 mm. in diameter, but which shows no thickening. In actual
practice all reactions fall naturally into one or other of these
three groups, and reactions which are difficult ot classify are
not often met with. The British systems of classification seem
to be finer and more useful than that &f McKinnon and Ross. For
example, the cases classified in this paper as "++" or "+++0
would all be clasgified in the latter category by these writgfh.
Yet the distinction is easily made, and there is often an
apprecliable difference in the reactions of the.two classes on the
injection of toxoids. The writer is of opinion that it is -
better to have the finer division in the region of the strong

positive reactors.

Distribution of positive reactors in the population

The Moloney state of 2666 children and young adults in
Leeds before the inoculation of a prophylactic is given in Table
XLIII, the individuals being grouped aceording to their Schieck
state and age. The essential features of this table, so farvas

age 1s concerned, are given in Table XLYV, from which Fig.xii was




higkc loney States of 2666 individuals
Age Moloney Schick Result .
group Result Negat- Slight Moderate Marked Totals
' ive (+ (++) (+++)
Under 1 0 8 8 80 2 48
+D - - - - -
+ - - 1 - 1l
++ - - - - -
++4 - - - - - 49
1l 0 3 16 136 26 181
+D - - - - -
+ - - 4 - 4
++ - - - - -
4ot - - - - - 185
2 0 - 13 124 30 167
+D - - ' 2 - 2
+ ] 1 2 1 6
++ 1 - 1 - 2
+++ - - - - - 1M
3 (4] 6 14 121 38 179
+D oo _ 1 - 1
+ - 1 - 6 1l 8
++ 1 1l 4 - 6
Ey e - - - - - 1%
4 0 16 16 143 46 221
+D - - - - >
+ 4 1 b - 10
++ 1 - - 1 2
L 22 - 2 - - 2 235
b <] 29 29 176 65 298
@ 1 - p 1 s
o+ b 5 8 3 21
L 4 1 1 2 8
et - - - - 1 338
6 0 45 36 197 67 345
+D 5 - 1 - . 8
+ 9 - 5 4 18
dobet 2 - - - "2 386
7 0 21 ‘ oo
+ 5 % ” % ue
+++ 2 1 1 : 14

T
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ntd
Age Sohiek Result
Group Moloney _
Result Hegat- Slight Moderate Marked Totals
ive (+) (t+) (++1)
8 0 £0 12 60 29 121
+D 3 - - 1 4
* 9 - 4 2 15
-+ ) p [ 1 13
+t 2 - l - 3 1566
9 0 18 10 65 18 111
+D 1 1 1 - 3
* 7 1 9 1 18
++ 14 - 2 1 17
e 4 2 2 1 9 1568
10 0 17 4 43 21 86
+D 2 & 1l - 8
+ . 13 2 3 - +38
+4 7 - 2 3 12
ki 6 1 2 2 11 129
11 &) _ 17 5 32 7 61
+D 1l - 1 - 2
+ 12 - 5 2 19
++ 14 1 ) 1 21
e v - 2 - 9 18
12 0 26 7 a7 23 83
+D 2 1 1 - 4
+ 17 6 4 3 30
++ 9 3 3 - 15
4t 8 - - 1 9 141
13 0 13 9 13 14 49
+D - 1l - 1l 2
+ 8 1 2 3 14
++ 9 1 1 - 11 _
+44 7 e - 1 10 88
14 0 5 - 3 2 10
D 1 1 - 1 8
+ 2 2 - - 4
++ 8 1 1 - 10
+t+ 3 - - - 3 30
15-19 0 ‘ 38 1 3 3 40
e b - - - 5
* 19 2 2 1 24
H 19 - 5 3 27
+4++ G 10 - T - 1

11 107

2666
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drawn. It should be emphasised here that fthe following
discussion applies to thé‘community‘as a whole and not to
individuals. The assumption that the individual always behaves
in the same manner as the herd is liable to lead to certdin
fallecies in the interpretation of the Moloney test. These
fallacies, and the significance of individual tests, will be

discusses in detall later.

TABLE XLIV

Influence of age on positive Moloney incidence

Moloney-positive Primary Schick tests

Age Total No. + % No.
tests (all positive negative negative
types)

Under 1 49 1 2.04 8 16.33
1+ 185 4 2.16 3 l.62
2+ 177 10 5.65 3 1.69
3+ 194 15 7.7%3 8 4,12
4+ 235 14 ' 5.96 21 8.93
5+ 333 35 10.51 39 , 11.71
6+ 386 41 10.62 67 17.36
7+ 188 40 21.28 38 20.21
8+ 156 35 22.44 39 25.01
9+ 158 47 29.74 44 27.85 -

10+ 129 44 34.11 45 34.88
11+ 112 51 45.54 51 45,54 7
12+ 141 58 4l.14 62 43.97
13+ 86 a7 43.02 37 43.02
14+ 30 20 66.66 19 63.34

15-19 107 67 ’ 62,61 86 80.3%7

From the data presented in Table XLIV it is seen that
the percentage of children who show a positive Moloney reaction
increases more or less continuocuslyias age édﬁancea; The table
also shows that, as a posittve Schick is most common in the early
years of childhood, a positive Moloney test is on the contrary
most often met with later in childhood or in adult lité. It
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should be emphasised here that the figures for the Schiekvtests

at the different ages are given solely for reference purposes.

The remarkable parallelilm between the graphs for Moloney-pogitive
reactors and for Schiék-negative reactors, which is apparent in
Fig. xii, is to a large extent fictitious, and the graphs cannot
therefore be used for any other purpose than that of statingthe
incidence of the two reactions at the different ages. TIhe

figure does not in itself express any fundamental relationship

between the incidence of the respective conditions,. This point

is important, since it is often assumed that the reactions not
only run a parallel course, but that in the later years of
childhood a positive Moloney reaction is practically synonymous
with a negative Schick reaction. Reference to Table XLIII will
show that at the age of 12 years, of 62 negative Sohick-reactbrs,
"~ 26 showed & negative Moloney reaction; and of 79 positive Schick
reactors, 22 showed a positive Moloney reaction. This feature
may be found in a corresponding degree in the other sge groﬁps,
and the early recognition of this fact was ane of the starting
points of the present investigation. This gquestion will be_
dealt with more fully by other methods in s later section, and i%
is introduced here merely to emphasise the pointhhat no conelus-
iona can be drawn Brom the apparent similarity between the
frequency of Mbloney-positive and Schick-negative reactors,}whioh
is seen in the figure. |

| The incidence of positive Moloney reactors at different
ages may bhe oompared with the figures in the corresponding series
of McKinnon and ROSS. In the present series it may be said
that, in children who had not attained their second year only '
about 2 per cent., and in those in the next three gueneeding
years not mote than 7 per cent., showed any reaction at all to
the Moloney test. Thereafter the percentages of positive
Moloney reactorn increasoé steadily as age advanced with tﬁéJ‘

exeeption of a slight ralling off between the age or ll and 13

yeers, and in the group or 15 years and over. MoKinnon and Ro:g
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found that over 90 per cent. of children under 64years of age
gave negative reactions, and that only 46vper cent. of the
14-year old group gave negative readings. In tpe present series
the corresponding percentages are 93.3 and 56;5 respectively.
From these figures it would be possible to say something regarding
the tendency of persons at different ages to develop reactions
after the injection of prophylactic doses of toxoid, but it is
advisable tocconsider this question in relation to the different
types of Moloney reaction.

The results for the Moloney tests at different ages
were plotted on a logarithmic scale (Fig. xiii). It is seen
from the graph that the process of sensitisation starts very
early in life, and, although the rate is slow during the first
18 months, it is flefinitely in progress during this period. \
During the first and second years of life, however, the rate
increases very markedly.In fact, we may say that in these two’
years the rate of development of a positive Moloney reaetioniis
higher than at any other period of the child's existence. :
Between the third and fourth years there is a temporary, thoﬁgh
considerable, retardation; but from the fifth year onwards ﬁhﬁii?f
the eleventh year there is a more or less continuous increas§ 1nf;$
the development of sensitivity to toxoid. |

There is a considerable amount of evidence, much of'
which will be discussed in later sections, that the developmént
of a positive Moloney test 1s due to the acquaintance of the

individual with the proteins of the C. diphtheriae. McKinnon

and Ross rightly emphasise the point that immunity mey be
obtained without sensitivity being developed at any time duriﬁé
the process. They also suggest that age per se may be a fégf;r
in the development of sensitivity. From an exsmination of

Fig. x1ii it would not appear that the results of the present
investigation give much support to this suggestion, In certain
individuals sensitisation evidently starts at a veyy early period

of 1ife, though the numbers who develop & positive reaction are
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very small. It is at this period that the individual is most
cut off from contact with other children. But during the
second year, when the opportunities for contact with the |

C. diphtheriae are greatly increased, the process of sensitisat-

ion becomes very marked. The fall in the rate between the third
and fourth years is possibly associated with the fact that the
child has, during the preceding thtee years, more or less
exhausted the possibilities of fresh contact in the neighbourhood
of his hone. When he goes to school he enters into a new
environment with considerably increased possibilities of contact 1

with children who may be harbouring the C. diphtheriae. At any

rate from the fifth year onwarde there is a more or less
continuous increase in the percentage of children who become
Moloney positive. This evidence certainly suggests that-
sensitisation, like the development of acquired immunity t6 the

C. diphtheriae, is due to the individugl's acquaintance with

the products of that organism. It is, of course, difficuif to
draw any definite conclusionsuwith regard to the influence of
age. If, however, age in itself is an important facfor in thp‘
development of sensitisation, we would be inclined to expect.qg
the logarithmic scale a curve which would not show the markgd ‘.
variations which are brought out at the earlier ages in the
present series, and which can be quite well explained by the view
that sensitisation is due to exposure of fhe individual to the

C. diphtheriae.

Material information on this question could prébably
be obtained by a study of Moloney test resmlts in virgin rq&ﬁq,
or, failing that in clqsed_or semi-closed communities, If: f
should be noted that McKinnon and Ross state that less sensifiv_
ity is encountered in rural communities, and it is well kn§wn :
that in these communities there is a higher rati§ of,Sehick;
positive individuals. |
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Degree of Reaction

Although these considerations are interesting from a
gscientific point of view, they have little bearing on thé,practioal
spplication of the test because the different grades of positive
Moloney reaction do not indicate equal liability to the develop-
ment of appreciable reactions on the inoculation of strong toxoids.
In a previous paper (Underwood, 1954g) it was suggested from
preliminary work that care was necessary when using strong toxoids,
especially new and untried toxoids, in the case of an individual
who showed any type‘of posdtive Moloney reaction. This point
will be discussed more fully later. ieanwhile it may be said -
that with known toxoids individuals who’show the +D or + reactions
may be injected with the usual doses; great care must be
exercised with ++ reactors, aﬁd +++ reactors should not be given
toxoid at all. The statement is frequently made that infants
and pre-school children can be inoculated with toxoid without a
Moloney test, since they seldom or never show a ++ or +++ reaction
(see McKinnon and Ross; Burke; also Lancet, 1935, Editoriai; etc).

This point is brought out in Fig. xiv, which shows the
percentage incidence of each type of Moloney reaction at eaéh~yéar
of life, The figure also shows the combined incidence of ++.aﬁd
+++ reactors at each year. It will be seen that all three |
grades of reaction increase in frequency as age advances. The
+D and + reactioﬁa (combined groupipg) are most frequent, and}the
+++ reaction least so. The graph for the ++ reaction is almost
throughout in &an intermediate position between the two extreme
types. Thie statement does not apply to groups over the agg oé
13 years.. After this age M++ reactions become much more frequ;ht.

From the utilitardan point of view the reactions which
are most impdrtant are’the ++ and the +++, Any individual who'
gives one or the other of these reactions is definitely liable to
develop some symptoms on the injection of toxoid in prophylactic

doses, These reactions wi;l not necessarily be inconvenient or

~
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troublesome; they may consist mere;y of marked erythema ét the
injection site, On the other hand, a local reaction may be
sccompanied by a general reaction, and it is obviously important
to decide which individuals are likely to give this. In this
paper persons who are liabde to show a reaction of some type on
the injection of toxoid in prophylactic»doses are called for
convenience "potential toxoid reactors®™, and the term is only
used in this special sense. The incidence of such "potential
toxoid reactors" is given by the barred line in Fig. xiv; this
line represents the combined per@entages for ++ and +++ reactors.
It will be seentthat up to the age of 5 years the combined
percéntages of children who show such reactions do not exceed

3 per cent. at any age. At 6 years the incidence is 4.4 per
cent.; at 7 yearsig.e ﬁer cent.; and thereaftervthe percentages
increase rapidly. In this series o0f cases the maximum incidence
of such "potential toxoid reactors™ was reached at the fourteenth
year, when 43.3 per cent. of the individuals at this age showed.
& ++ or +++ reaction.

MeKinnon and Ross atate that in infancy and the pre-
school group sensitivity to toxoid is practically a negligible
quantity, and that children at these ages can, therefore, in
general be given toxoid without a preliminary Moloney test. Iy
comparing their figures with those of this series it should be
remembered that the +++ reaction of the Toronto workers practic-
ally embraces both the ++ and the +++ types of reabtion here
described. In the Canadian series no reaction which showed any
induration was found in:184 children under the age of 5 years.

In the Leeds series’lz such reactors were met with in 840
children (1.4 per cent.) at these ages. Hence, although such
"potential toxoid reactors" are rare in the pre-school group,
they undoubtedly exist. The course of action which is to be
adopted depends upon the individual who is acyually giving the
inoculations; but if 1t is particularly desired t o exclude of
treat specially all "potential toxoid reactors" then the Moloney
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test must be employed for children over the age of 2 years.

Relation of Test to Symptoms on Injection of Prophylactics

These considerations are to a certain extent theoretical
by reason of the fact that not all positive Moloney reactors
do actually show undesirable reactions on the injection of toxoids
in prophylactic doees. Most +++ reactors will do so, and many
++ reactors also show such symptoms with full doses of prophylac-
tic. A more practical approach to the problem is arrived at by
the consideration of those children who actually showed
undesirable symptoms on the injection of prophylactics. Iﬁ this
section of the Thesis reactions will not be dealt with in detail,
but the main results are set out in Table XLV, This table is
based on 2041 persons who were inoculated. All of these had FT
or aium toxoids, except 100 who had T.A.F. (In Table XLV "++"
includes 2 persons and "+++" 4 persons who had only T. A.F.); “In
a later section the question of any reaction at all will be -
considered. The persons detailed in Table XLV are only those
who showed significant reactions, which are defined here as‘ .
follows: (1) any local reaction which was more than a mere
erythema - e.g. swelling, tenderneas,'fullness, etc.; (2) general
reactidnn - ineluding slight vomiting, marked nausea, headache,
or ﬁefinite distaste for at 1east one meal. Of the 42 persons
1ncluded in Table XLV 25 were seen by the writer on the day
following the injection.

Table XLV shows quite clearly the value of the Meloney
test, especially in children over the age of 5 years, It will
be neen that only two chdldren failed to give a positive reapcnie
to the teat.“ Neither of these was seen until some days atter
the inoculation, but fhemcaherdescripvmdn which was given ef the
condition of the children one probably had a definite toxoid
reaction, and in the other case there was considerable doubt
whether the injected toxoid was actually the cause of the

eondition. It is obvious that the most important reactions




TABLE XLV

Moloney state of Persons who showed Reactions after

prophylactic doses of toxoid

Negative +D ' + ’ ++ +++
Age Per- Age  Per- Age ©Per- Age Per- Age Per-

(yr8) sons (yrs) sons (yrs) sons (yrs)sons (yrs) sons
5 1l 3 1 5 1l (4 5 4 1l
6 1 5 1 7 1 8 1 9 2
- - - - 9 1 10 3 10 ]
- - - - 13 1 11 4 11 1
- - - - 14 1l 12 S 13 1
- - - - - - 13 1l 15 1l
- - - - - - 14 1 - -
- - - - - - 16 3 - -
- - - - - - 17 2 - -
- - - - - - 18 1 - -
- 2 - 2 - 5 - 24 - 9

]

éhcu:ze&ginnthe ++ and the +++ groups. The total for the +++
is smdll whén compared with that for the ++ group. But it sﬁauld
not be inferred from this that +++ persons were less likely to
develop unpleasant symptoms than were ++ persons. This is far
from being the case, The writer's experience is that the
majority of +++ reactors will give such symptoms if inject;&ﬁﬁith
full doses of toxoids, and that many of them will behave iﬁ“§his
way even after the ihjection of much smaller doses. The tétdi
of 9 for these +++ reactors is small because nearly all su&h"'
reactors were dealt with specially{ e.g. injection of T.A.Fﬁ) or
were naturally immnne, and were consequently nof inoculated:

This statekent applies in less degree to the ++ reactors.‘ The
evidence fram thise section df the investigation points to tﬁggi‘
fact that children of school age should not be inoculated iffﬁﬁut
& preliminary Moloney test.

7|
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Note on Statistical Methods

Although Pearson's coefficient of mean square
contingency (Cp) is fairly well knowh, his coefficient of
association (Qg) in a fourfold table is not so widely uaed. If
individuals are classified by the characters into A and not;g,

B and nof—g, then a tetrachoric table may be formed in which the
cell frequencies are represented by (&), (b), (ec), (d) in the
position indicated in Table XLVII (Pearsoh, 1901). If the
total frequency be N, then for the fourfold table

) = N(‘a—(’c)z a = i z, 1 here
X * i 1 O = s e e

kY bobedN® .
- (ai—l-c)z(a-‘-l-c'l )(b+c)

In this section also the probable errors of the values

\ |
of Cp are derived from ¢ and not from ¢ .

Association between the Schick-negative and the Moloney-

positive states

A casual examination of Fig. xii might suggest tﬁht
the practically simultaneous transition from Schick-positiféﬁéas
to Schick-negativeness and from Mbloney-negativeness to Mbiéheyu
positiveness, which is so marked in the community might appiy”to
the individual as well. This suggestion has in effect been
made, since dertain workers have stated that the majority 5f
strong pomitive Moloney reactors are immune and do not require
inoculation. If thia~statement is true, then the Moloney test
may to a certain extent be used as a substitute for the Soﬁ?gﬁf
test. ’ T

It was thought desirable to investigate the asSoéiéﬁion
between these two conditions more closely, and for this purpose
Pearson's methods for contingency were used. Table XLVI is a

4X 4 table compiled from the main table (Table XLIII) and showing
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the distribution of the 2666‘pqrsqns according to their Schidk
state agd their Moloney condition. For this table/x% = 5@4.76‘fél
for n = 9. the value of P corresponsing to this value of )( is_i
less than 0.01, which shows that the distributlon is not &

chance one. The degree of association between the Schicke

TABLE XLVI
Schick-positive

Marked Mod. Slight Sehiek- - -

(+++)  (++) (+) negative Totals
Moloney-negative 427 1249 194 ki 2147
Moloney +(+D and +) 27 76 30 139 anz
Moloney ++ 14 42 14 103 173
Moloney +++ 6 : 9 8 51 74
Totals 474 1376 246 570 2666

negative and Moloney-positive states was estimated by calcoulating
Pearson's coefficient of mean square contingency (ga). The
value of Cp is 0.399 .013, which would seem to indicate a
moderate degree of association, While there is the§fore‘a
considerable degree of association between the two conditions,
this is by no means perfect. It should be noted that, of a
total of 74 +++ Moloney reactors, 15 showed a marked or modagato
reaction to the Schick test (2043 per cent.). Again, of a
total bf 173 individuals who gave a ++ Moloney reaction, 5é
showed a marked or moderate Schick reaeﬁion (32.4 per cent), .
The tendency in the individual, as in the community, is for

increasing toxoid sensitivity to develop pari passu with Sgyiqg;

imminity. The degree of association between the two conditicns
is brought out more clearly by a fourfold table (Table XLViIi%M~;
In this table the +D and + reactions are included with the,ga
Moloney-negative reactions, sinece we are really interested in

Schick-negativeness and Holoney reactions wigich indicate definite




TABLE XLVII

| Schick-positive Schick—negatiﬁeL»mctala
(all degrees) '

Moloney—neéétive ‘

Moloney +D a 2003 416 2419
Moloney + (a) (p)

Moloney ++ | 93 154 247
iMoloney +++ (c) (a)

Totals 2096 570 2666

susceptibility to toxoid. For this table )(’f._: 271.81, For
this value of )(2 with n = 1, P is less than 0,01 - which.
indicates that the divergence in the table is not random. The
amohnt of association was determined by calculating Q5 (the
coefficient of association), which is 0.632 ¢ .024, For the -

same table the value of (Pearson's equiprobable coefficient)

)
is 0.667, which is practically the same. These values confirm -

the previous findings.

Association between positive Moloney reactions and o

_positive Schick-gontrol reactions

_ It has already been stated that, in their priginal
paper, Molomey and Fraser (1927) used the diluted toxoid which
they employed in their test, not only to distinguish toxoid .
reactors, but also as a substitute gor the heated cont#ol in the
Schick test. Suggestions have been made on several occasions
that the onevtast might be made to serve for both purposesgﬁﬁ
Burke (1930) admitted that in the Toronto campaign the numbgégai
Schick tests which were difficult or impossible to interpret. by
this procedure was increased; as a result it was rinﬁlly decided
to abandon this modified Sohick test altogether and to empley.
only the Moloney test. Thie procedure was adopted on the .

assumption that most of the +++ Moloney reactors were already




S,

immune - a suggestion which haa already been dealt with.
Dudley (1934) stated that those who give strong Moloney tests
will geherally give a pseudo-Schick as well; and in a recent
editorial (Lancet, 1935) it was pointed out that "th