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INTRODUCTION.

Tre investigation embodied in the following pages has
occupied my attention for several years, during which I
have been gradually collecting the necessary data from
every civilized country. It can scarcely happen that m
such a complex task every single death-rate should have
been accurately calculated, but the greatest care has been
exercised, and I believe that very few errors will be found,
and that such as may have occurred will not vitiate any
conclusions stated in the body of the book.

Some measure of originality is claimed for the method
of statement of the facts. The death-rate for each year
is plotted out in diagrammatic form on a scale which is
constant for all the diagrams throughout the book, with
the exception of Figs. 12, 23 and 24. The necessity for
tabular statements is thus avoided, as the death-rate for
any given year can af once be ascertained by reading the
scale attached to each diagram. Furthermore, the relative
bulk of diphtherial mortality in different towns and
countries can be seen in a manner which is much more
impressive than a tabular statement of yearly death-rates,
and more accurate than an average death-rate for a series
of years. The avoidance of average death-rates for succes-
sive series of years obviates a source of error which, in my
opinion, is most important and serious. The diagram
enables the number of epidemics occurring in the period
investigated to be exactly stated; while a comparison of the
average death-rates may include periods which contain
one, two, or more epidemics, according to the arrangement

B



2 INTRODUCTION.

of the series, thus leading one possibly to think that the
amount of disease has increased or decreased when the
converse 1s true.

A statistical investigation based on official data of
varying degree of accuracy is apt to be received with a
modicum of incredulity, the judgment of the reader being
prejudiced by erroneous preconceptions. While so many
are ready fo say that ‘‘ anything can be proved by statis-
tics,”” but few realize that without statistics nothing can be
proved ; and that unless complete ignorance is to persist,
even defective statistics must be used to the full extent of
their value. Nor is it sufficiently realized that perfectly
valid conclusions can be drawn from imperfect statistics,
when these are skilfully and honestly employed. In say-
ing this, I have no wish—nor is there need—to suggest
any distrust of the data on which the present treatise is
based. The usual complaints against such statistical data
may be classified under three or four heads: Firstly, the
changes in nomenclature on which follow necessarily
changes in the numbers under a given disease, not due to
the varying mortality from this disease. Secondly, the
incomplete character of the registration of deaths in a
given town or country, which incompleteness gradually
becomes diminished, and consequently comparison between
recent and more remote years is to that extent vitiated.
Thirdly, the fact that deaths from a disease do not neces-
sarily form a ecorrect index of its prevalence, as the fatality
of diseases like diphtheria varies greatly. Fourthly,
differences in the age constitution of the populations
under comparison, which disturb any contrast of the
actual amount of diphtheria prevalent.

1. The importance of the first of these objections has
been minimised by giving, wherever the available data
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oxist, the death-rate from diphtheria in each diagram
separately from that from croup. By this means the
aradually increasing transference from croup to diphtheria
can be seen at a glance; and the true facts become
evident by an inspection of the combined curve for the
two diseases. Other transferences than that of croup to
diphtheria are of trifling consequence 1n the periods
embraced within the statistics to be given.

9 The second objection may affect any comparison of
velative amounts of diphtheria in different communities.
It is obvious, however, that any error caused by it will be
on the side of undue moderation of statement. Thus
the extraordinary amount of diphtheria shown in the
American diagrams would almost certainly be increased
in many instances had the registration of causes of death
been more complete, There 18 no sudden transition from
incomplete to complete registration ; and althongh the
amount in any given year may be understated, the position
of this part of the curve in relation to the parts for
neighbouring years forms a trustworthy guide as to
whether it is a year of epidemic or inter-epidemic pre-
valence of diphtheria. The same argument applies to all
the diagrams. The amount of diphtheria may in some of
the diagrams be understated, but the teaching of the
diagrams as to which are the epidemic and which the
inter-epidemic years can in each instance be confidently
and implicitly accepted. It is on the position rather
than on the height or depth of the crests and troughs of the
epidemic waves that the main teaching of this work is based,
and in that respect it is believed to be absolutely accur-
ate.

3, That the present work almost throughout deals with
deaths from and not with total éases of diphtheria may be
regarded by some as a limitation of its utility. After
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most careful and detailed preliminary investigation, I
deliberately adopted this course. In the first place, there
were no countries, except the Scandinavian, in which
records of a system of general compulsory notification of
diphtheria were available for a sufficiently long series of
years to make them valuable in a study of epidemiology.
In the next place, the experience of compulsory notifica-
tion of diphtheria in this country for the comparatively
few years in which it has been commonly adopted, tends
to show that cases which a few years ago would have
escaped notification are now notified to a somewhat larger
extent (see Fig. 508).* Consequently deaths are in
England a more reliable indication of prevalence than
notifications. The same remark does not apply in Norway
and Copenhagen, as may be seen by a glance at Figs. 48
and 49. The fatality of diphtheria in epidemic and in
inter-epidemic periods forms an interesting subsidiary in-
vestigation, to which I can only devote one short chapter.

4. Diphtheria is a disease, four-fifths of the deaths
from which ocecur in children under ten years of age.
Consequently the comparison between the different towns
and countries whose death-rates from diphtheria are
graphically represented in the following pages is inexact
in so far as the relative proportion of children under ten
is not the same in these different populations. It has
been quite impracticable to make any correction for
varying age-distribution of the populations in different
countries and towns.t 1 must, therefore, content myself

* For remarks modifying this statement see page 109.

+ The extent of correction for variations in age-distribution of
population may be gathered from the following examples :—In
1890, there were in Boston for every 100 persons at all ages 252
under 15 years of age, in Philadelphia 279, in New York 2885, in

Hamburg 821, while in London, in 1891, the percentage ages 0-15
was 326, Tt is evident that if correction for age-distribution of
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with drawing attention to this source of error, which 1is
within very small limts, and could furthermore, as pre-
viously remarked, only slightly affect the height of any
particular curve without altering in the least the relative
height of its constituent parts, with which I am almosb
solely concerned.

A glance at the diagrams in the following pages shows
that in the majority of instances they relate to umrban
populations. In the case of London the diagrams have
been subdivided (pages 57-9), so as to show the yearly
death-rate in different districts of the metropolis; and
more exact truth might have been attained had this been
practicable for other great cities. Death-rates for rural
districts have not been given, because they are difficult to
secure for a sufficiently long series of years, and because
with small populations accidental oscillations of yearly
curves of mortality become exaggerated. This fact makes
the international study of diphtheria here detailed one of
diphtheria as affecting chiefly urban communities (see
page 138).

Having briefly discussed the trustworthiness of the
facts set forth in the diagrams which form the statistical
basis of this treatise, it remains for me to make a few
remarks upon the main conclusions derived from these
diagrams. These are two: firstly, that diphtheria spreads
from town to town and from country to country, the means
of spread being almost certainly personal infection ; and
secondly, that certain climatic conditions are necessary for
the development of diphtheria on an epidemic, and still
more for its development on a pandemic scale. In the

population were made, the result would be to increase to an
appreciable extent the excess of diphtheria already displayed in
the American diagrams.
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first portion of the book, dealing with the prevalence of
diphtheria in different countries, I have, throughout,
attempted to discuss the epidemics in a given place as
related in time to epidemics in neighbouring towns and
countries, and to indicate the gradual progression of the
disease. In reading this part of the book, geographical
considerations should be borne in mind, and the atlas
consulted, as the distances between towns in, for instance,
the United States is immensely greater than between
towns i England. The teaching as to gradual 1L3rn-.
gression of the disease would have been clearer in certain
instances had one constructed curves of monthly or
quarterly instead of annual death-rates. Those who are
aware of the laborious character and complexity of work
of this kind will, however, readily forgive an omission to
make the curves by this means more complete but at the
same time less easy to follow.

In the second part of the book, I have dealt with the
climatic conditions, in the absence of which diphtheria
never becomes epidemic on a large scale. A superficial
perusal of the book might produce the impression that
these two factors are not consistent with each other. A
more careful study will, I believe, prove that both are
necessary. Diphtheria is spread chiefly by personal in-
fection, but this infectivity is only operative on a large
scale under the influence of the climatic conditions to be
hereafter described.

This work would have been impracticable, but for the
help of numerous distinguished statisticians and medical
officers of health in all the countries dealt with in the
following pages. Where no other reference is given, it
may be assumed that the statistics are obtained from
official reports. To many English medical officers of
health I am greatly indebted for records embracing long
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series of years, often obtained with considerable difficulty.
I also tender my cordial thanks to Dr. Bentzen, of
Christiania ; Dr. J. Bertillon, of Paris; Dr. Borthwick, of
Adelaide ; Dr. Grimshaw, Registrar-General of Ireland;
M. Goseti, Venice; Mr. Goto Shimpei, Director-
General of the Sanitary Bureau Home Department,
Japan ; Mr. F. L. Hoffmann, F.8.S., Newark, N.J:; Dr.
Janssens, Brussels; Dr. Von Jiraschetz, Vienna ; Herr
Korosi, Buda-Pesth ; Mr. George Leslie, Actuary to the
1 Government of New Zealand ; Dr. Linroth, of Stockholm ;
M. Martinez, Buenos Ayres; Dr. Mantez, Geneva; Dr.
Pistor, Berlin; M. Ravizza, Milan ; Dr. Reincke, Ham-
burg; Dr. Sandwith, Cairo ; Mr. Symons, F.R.5.; Dr.
Ashburton Thompson, of Sydney ; the Chief Burgomasters,
Antwerp and Rotterdam ; the Directors of the Statistical
Bureaux of Breslan, Leipzig and Trieste ; the English
Consul, Lisbon ; M. Potzniakoff, Moscow ; for help
rendered, in some instances involving great trouble. If I
have omitted any from this list who should have appeared
in it, I trust they will not think T am ungrateful for the
generous help which they have rendered in an investi-
gation, the complexity of detail of which has sometimes
been-almost overwhelming.






CHAPTER I.

NORTH AND SOUTH AMERICA.

TrE vital statistics of the cities included in the following
diagrams are not all equally complete, and some allow-
ance has to be made in this respect. Thus in Michigan,
according to Dr. Baker (report on the Vital Statistics of
Michigan, 1892), in 1881 the registered mortality from all
causes was probably not more than 60 per cent. of the
actual mortality, and presumably a similar proportion
would apply for diphtheria. It 1s evident, however, that
this incompleteness of registration of deaths will not
vary in extent suddenly, and will therefore not materially
affect any conclusions that may be drawn from the accom-
panying diagrams as to epidemic and non-epidemic years
of diphtheria. There can be no reasonable hesitation in
accepting the teaching of these diagrams in this respect
as sufficiently accurate for all practical purposes. It is
the fluctuations observable in the heights of the diagram,
rather than the actual height in any given instance, that
should be noted.

We will commence our consideration of the American
returns of diphtheria mortality with those for the New
England States, as their statistics are more complete and
accurate than those of most other States.

The mortality from diphtheria for the whole of Massa-
chusetts is shown in Fig. 1 :—
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It will be seen that for the years 1856-94 inclusive, the
lowest death-rate from diphtheria plus croup was 43 per
100,000 inhabitants in 18583, the highest 196 in 1876, the
total endemic prevalence of the disease being very great,
as shown by a glance at Fig. 1. It is possible that the
minimum year, 1858, had really more diphtheria and
croup than is indicated in the diagram, owing to the de-
ficient recognition of the disease at that period. After
the great epidemic culminating in 1863, a marked remis-
sion occurred, the second great epidemic reaching 1ts
maximum in 1876-77, after which the amount of the
disease remaining endemic was greater than that follow-
ing the first epidemic.

Bosron.—During the 35 years 1861-1899, the death-
rate from diphtheria plus croup in this city varied from 35
per 100,000 inhabitants in 1872 to 218 in 1881. The pro-
portion between diphtheria and croup is shown for the
years 1880-94 in Fig. 2. The general shape of the
epidemic curve is the same whether we take diphtheria
alone or this in conjunction with croup; and the same
remark applies to most of the diagrams to be subse-
quently considered. It will be observed that there was a
great epidemic of the disease culminating in 1863-4, and
that then an interval of comparative freedom from 1t
lasted for ten years. In 1875-6 another great epidemic
ocenrred. With but a short and imperfect ebb of the
epidemic tide, a still more fatal epidemic occurred in
1880-1, followed by later epidemics culminating in 1889
and 1804. Between these maximal diphtheria years a
large amount of diphtheria was endemically present, the
death-rate from 1875-95 inclusive never being lower
than 62 per 100,000 (in 1891},

ProvipeNce.—In Providence during the years 1868-75
the death-rate from diphtheria plus croup varied from 25
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per 100,000 in 1868 to 357 in 1877. The high death-rate
in 1877 represented the acme of a great epidemic in
1876-79. Following on this were smaller epidemics in
1881, in 1886-90, and in 1895 (Fig. 3).

BOSTON.

(Population : 1870—250,500 ; 1890—448, 400.)

Death-
rate per
1001,
2:00

New York.—The death-rate from diphtheria plus croup
was at its lowest (69 1) in 1873, and at its highest (276) in
1877, a year earlier than in Providence, and two to three
years earlier than the corresponding maximum in Boston.

I Where not otherwise stated the deaths are all given in their
proportion to 100,000 of the population. The scale on all the
diagrams gives the death-rate per 1,000 of the population.
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In 1881 a second maximum occurred, closely approaching
the first in height, while later epidemics of not much
smaller magnitude culminated in 1887 and in 1894 re-
spectively.

NEW YORK.
(Population : 1880—1,111,941 ; 1300—1,617,097.)

el [}
Death- o o
rate 'E.IL!FI :‘ 3 5
10, - |' = !
Segoale . o RTINS IR DA :
2:40 |
2:20

1-80 |

120 |

Fig, 4.

BrookLYN.—Being close to New York, the curve of its
diphtheria mortality is, as might have been anticipated,
almost identical with that of the latter city., The death-
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rate from diphtheria Brooklyn reached 215 in 1879,

and sunk to its minimum of 59 in 1884, as compared with

1880
1690

=i
Treath &
rate per
10HH),

00 =

RO =

BEROOKLYN.
:|:"|,|'|_'||1]:|,[i»:|l:'| + JEB0—564, 445 )
1800—871,852.)

I-00

A0

20

PHILADELPHIA.
(Population : 1580—001,3503

1800—1 4, 277.)

a maximum for New York for diphtheria of 208 1in 1877,
and a minimum during the same period for the two cities

(1875-95) of 78 in 1890.
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PrinapeLpaIA—The death-rate from diphtheria has a
considerably smaller range, and is absolutely lower than
in the other cities hitherto described. A portion of this
difference (but only a portion) may be caused by a smaller
proportion of children under five years of age in its popu-
lation; diphtheria being chiefly fatal in childhood. As
bearing on this point, it is interesting to note that in 1890
—the census year—the proportion of children under five
years to the total population at all ages was 9'9 per cent.
in Philadelphia as compared with 11'7 per cent. in New
York, The death-rate from diphtheria in Philadelphia
ranged from 18 in 1868 to 131 in 1891.

A comparative study of the diagrams already given
seems to indicate a gradual spread of infection from city
to city. Thus taking the period comprised by all the
carves from 1870 onwards, it 1s evident that Boston’s
first epidemic culminated in 1875-6, Providence’s first
epidemic in 1876-7, New York’s and Brooklyn’s first
epidemic in 1876-7, and that of Philadelphia, 1875-6.
The 1880-81 epidemic in New York and Brooklyn occurs
in 1881-3 in Philadelphia; and the 1886-89 epidemic of
these cities culminated in 1891 in Philadelphia.

Bavrimore,—This city furnishes in its 1881-83 and its
1891-2 epidemics further support of the view that the
infection of diphtheria gradually spread from the eastern
sea-board of the States westward and southward. The
maximum death-rate from diphtheria was 173 in 1882 and
the minimum 22 in 1888,

PirrssureE.—The returns for Pittsburgh extend from
1877 to 1894, the maximum death-rate from diphtheria
being 340 in 1878, and the minimum 47 in 1894.

The great epidemic of 1877-80 evidently corresponds to
the 1875-76 epidemic in Boston, and the 1884-87 epi-
demic to the 1880-83 epidemic in Boston.
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OmveinNarr.—In this city the death-rate from diphtheria
plus croup ranged in the period 1868-95 from 165 in 1890
to o0 in 1875. The diagram for this city is remarkable
for the comparative smallness as well as the lateness of
the rise in the decenninm 187180, I'ts maximum was in
1878, as compared with 1877 in New York., BSimilarly in
the] next decennium the maximum of diphtheria *was
reached in 1890, as compared with 1887 in New York,

CINCINMNATI.
(Population : 1870—042,000; 1880—1,206,000, )
Death-
rate per

100K 2 3 2
L o a B

Fig. 7.

ST. Lours,—During the period 1868-95, the death-rate
from diphtheria plus cronp ranged from 262 in 1887 to 26
in 1868. The epidemic in the decennium 1871-80, as
jndged by the combined curve for diphtheria and croup,
reached its acme in 1876, earlier than in Cincinnati, con-
trary to what might have been expected on the assump-
tion that the disease had travelled from east to west. In




=
NORTH AND SOUTH AMERICA, 19

‘he decenninm 1881-90 two great epidemics occurred

almost commingling, and in 1895 there is what looks like

the beginning of another large epidemic.

Denth-
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ReRn ;

ST. LOUIS.
(Population ; 1870—310,804
1890— 451,770.)

— . - NEW ORLEANS,







= (9 ]
NORTH AND SOUTH AMERICA. 2]

Death- = o =

: =

rate per = - g ot
- ) = | o) ':._.D
LK) — —— =

_.L-’cﬂ — - _.;' ______ L

—1-20

STATE OF
MICHIGAN.
(Population :
1870—1,154, 28 ;

1R0(0—2.089,T02.)

— 1}

20

220 |

CHICAGO.

(Population :
1870—208. 977 :

1500—1,046,064.)




IMPHTHERIA.

Chicago being situate on Lake Michigan, though not
in the State of that name, the similarity of the curves
for the whole of the State of Michigan and for
Chicago is interesting. The curve for the State of

MONTREAL.
(Population : 1872—120,750 ; 1804—241 745.)
< =]
Death- a 3
rate per =

2:40

Michigan represents a fusion of a number of epidemics in
its different parts, hence its greater smoothness than when

a single city or district 1s plotted out.
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CaNaDA.

Only one return has been secured from Canada.,

MontrEAL—The death-rate from diphtheria in this eity
ranged during the years 1875-94 from 245 in 1877, and
959 in 1887 to 24 in 1892. There is an obvious resem-
blance between the curves for Montreal and for Chicago,
as might have been expected in view of their geograph-
ical and commercial connections. The 1877-78 maxi-
mum in Montreal corresponds to the 1879-80 maximum
in Chicago, while the 1884-85 and the 1887-88 maximum
in Montreal are represented by the maximum of 1887-88
in Chicago. The total endemic amount of diphtheria in
Montreal, like that in the great cities of the United
States, is enormous, as can be seen by comparison with
the curves of miniature size, though drawn on the same
scale, which represent English experience (see pp. 30 to
43).

SoUuTH AMERICA.

The only city from which a return is available is
Buenos Ayres, and this only embraces the years 1888-95,
the municipal office of statistics having been inaugurated
in 1887.

Buewos Ayres.—The return gives diphtheria and croup
together, and shows a death-rate which was 323 in 1888
and steadily fell to 61 in 1895. It is evident that diph-
theria has during recent years been very severely
prevalent. The death-rate from diphtheria plus croup in
1888 was higher than that for any American city in the
years for which records are extant, with the exception of
Providence in 1877, where it was 357.

This is a convenient opportunity for summarising the
available data as to the epidemiology of diphtheria in the
great American continent. It is assumed throughout
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obtained—clearly indicate that whether the diphtheria
ourve or the curve for croup and diphtheria combined is
surveyed, the conclusions will in nearly every instance be

identical.
; : Mean Death-
Diphtheria plus | Diphtheria alone. | rate for the
Croup. : entire period.
Cit: 'Egggi_“f | Remarks.
¥ JETVA- [ T
ton. | frishest | Lowest }{;Exfﬁ_" E;Eﬁ?,b t].:lll:friu Diph-
Death- Death- | rate per rate per ?E‘HS theria
rate. rate. | 700,000, | 100,000. |Croup. alone.
B | i
_|r218in | 85in |(168in |(Blin \|q16% (100%) The
Boston . 1861-95\ 1881 | 1872 | 1881) | 1891) figures
. fB8a7i 51 814 in | 8in n
Providence . | 1868-95 Bcl’g;;.l Eféég | 1877 1868 93 1 69 lprackets
_|ro76 1 i 208 in | 28 in refer
New York. . |1868-95 EIEETITH ?.881;131 | 1877 1873 161 | 109 |¢, t];g
S 215 in | 61 in eri
Brooklyn . . 1875-95| — — { 1875 1808 (| — 114 lagn 95,
| (131 in | 18 i
Philadelphia. (1868-95| — | — {geor | 1se8)| — |
. 2 i 41 in
Baltimore. . | 1878-95| — 5 11’%‘%&1‘1 18%3 = |
' i 47 1 c
Pittsburg. . | 1877-94| — - ;{31'13{;5“ 1804 f| — | 129
P : . _|f165in| H0in | 140 in | 28 in)| - o
Cincinnati . | 1868-95 |1 1aqq 1875 | 1890 1869 79 | B6
. - |[857in| 25in |Bl4in | B in
St.Touis . . (1868-95\“jrr' | Taes | 1877 | 1sesy| U | ¥
Denver . 1886-95 |{ 104 in | 2310 }: vl s )| =
New Orleans. | 1889-95| — — i{‘lfgg;n ﬂfﬁﬁl — |40
: cn a4l (205in | 42in | 141 in | 20 in
Montreal . . |1875-94| — | — |{Rer | sy — | 1%
B - 888 in | 61 in ) 7
uenos Ayres | 1858-95 1888 1895 | | — 156
|

=

# The mean death-rate for this city is obtained by summing the
annual death-rates and dividing the sum by the number of years.
In all the cases not thus particularised, the mean death-rate has
been obtained by the more accurate method of adding together the
deaths and the populations respectively for the whole series of

yvears, and then ascertaining the death-rate on this aggregate
population.
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Certain cautions must be observed in interpreting the
true significance of the data in the preceding table.

Note first, that although for the sake of convenience the
years of maximum and minimum mortality from diphtheria
and croup have been given and the figures for these
years, the course of the epidemics in each city can only be
gathered with strict accuracy from the diagrams given
in the preceding pages.

Note secondly, that the mean death-rates given in the
last columns of the table, although they give a rough idea
of the relative mortality in each city, do this only with
certain reservations. (a) The period of years for which
the mean death-rate is taken does mot coincide in all
instances. (/) Even when an average is struck for the
same series of years, there remains the fallacy that one
city may have happened to have say three epidemics and
another four during the given term of years. It might
thus happen, for instance, that if two or three additional
years had been included in the series, the place of the two
cities would have been reversed as regards their mean
death-rate from diphtheria. This fallacy is inherent to all
average death-rates for a series of years for any epidemic
disease, and is the chief reason why in the present
investigation the exact death-rate for each year for each city
has been carefully plotted out. By this means the teaching
of these death-rates cannot be mis-read.

Having made these reservations it is evident that in the
American continent, if we may judge from experience of
its chief cities, diphtheria is a very fatal endemic disease,
which at intervals becomes epidemically and still more
fatally prevalent,

Some useful indications may be gathered, if the experi-
ence of whole States is taken, as may be seen from the
accompanying diagram constructed from a table given in










CHAPTER II.
ENGLAND AND WALES.

Coxerere and fairly accurate statistics are available for
England and Wales since 1839. In saying this, the fact
that a certain but diminishing proportion of deaths from
diphtheria have been returned as ulcerated throat, quinsy,
croup, laryngitis, or membranous laryngitis, is not ignored.
It must be remembered, however, that the increase of
accuracy of certification is a gradual one, and thus the
resulting transference to diphtheria of a comparatively
small number of deaths, will not interfere with the
substantial accuracy of any inferences that may be drawn
from the English curves now to be considered, these
inferences being based on the general directions of these curves
rather than wpon the magnitude of the rise i any given
year.

The Registrar General’s returns prior to 1860 class
diphtheria or angina membranacea with scarlet fever.
As, however, for several years prior to this, the former
had been distingnished on the ticking sheets in the General
Register Office, it is practicable to calculate a death-rate
for diphtheria from 1855 onwards in Fngland and Wales,
and from 1859 for London, though almost certainly this
does not represent all the diphtheria during these years.
Judging, however, by the medical writings of the period,
there was not, with the possible exception of 1847, a very
large admixture of diphtheria and scarlet fever between
the commencement of civil registration of deaths in July,
1837, and the great epidemic of diphtheria which invaded

i
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lingland about 1855-57. The accompanying diagrams for
England and for London confirm this view. Croup had
been separately classified from 1838 onwards; and so had
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laryngitis for a considerable portion of the period 1838-95.
Ag ].mL at Fig. 13 will show that the transierence of
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laryngitis to diphtheria would nob materially affect the
character of the curve. Almost the same remarks apply
to croup. As diagnosis has improved, there has been a
steady and gradual transference from croup to diphtheria.

A comparison of the curve for all England with that
for London shows the same general outlines. Diphtheria
was epidemically prevalent from 1858 to 1865, and a
more recent epidemic reached its culmination in 1893,
there having been a steady rise in the death-rate from
this disease, espeeially in London, from 1887 onwards.

I had constructed a diagram showing the yearly death-
rate from quinsy; but as this does not materially affect
the curves, it has been omitted.

The average death-rate in England in successive groups
of years is as follows :*—

Excraxp anp WaAaLEs,

Annual Death-rate from Diphtheria and Croup per million
persons living, in groups of years, 1858-94,

Period. I Diphtheria. Croup. i ;Ph:];}glﬁﬂi
|
Three years,1858-60 . . . . | 725 2747 647-0
Five years, 1861-65 . . . .| 2476 2876 5352
- 9 1866-70 . . . .| 126-8 208-0 3348
T 1871 Tois o - - 120-8 , 184-2 3050
2 5 1876-80 . . . . 1218 | 154+ 276:0
5 5 1881-86 . . . . 1562 1684 319-6
5 1 1886-90 . . . .| 169:6 125:8 2954
Four years, 1891-94 . . . . | 201-2 I 740 i 3252

It is evident that whether the death-rate from diph-
theria alone, or from diphtheria and croup together, be
taken as the test, the early epidemic of 1858-65 was more

¥ For remarks on the defects inherent in average death-rates for
epidemic diseases, see pp. 1 and 26.
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[t will be convenient next to take the history of diph-
theria in various English towns, so far as their records
can be obtained, and from these to obtain a bird’s-eye
view of the progression of the disease in different parts
of the country, similar to that attempted for the vaster
territories embraced in the United iStates.

QoUTHERN DISTRICTS.

Mastings and Brreuroy had a small epidemic of diph-
theria in 1883—4-5. In 1889-91 EASTBOURNE suffered
from a severe epidemic, which merged into the earlier
epidemic already mentioned. Hastings appeared to suffer,
though to a less extent and a year later, from the same
outbreak; and Brighton still later and to a less ex-
tent.

Oroypox showed an epidemic culminating in 1877,
possibly following on the slight rise shown in London
in 1875. Both Brighton and Hastings had small epidemics,
1874—6 ; Portsmouth suffering to a smaller extent in the
same year. The more recent course of diphtheria in
Croydon corresponds very closely with that of Lon-
don.

Porrsyours had no marked excess of diphtheria in
1860-62, and in fact no great epidemic until 1881-2, when
it suffered very severely. Smaller outbreaks reached
their maxima in 1886 and 1890, and since that year diph-
theria has declined.

Sourmaxeroy, during the periods for which records are
obtainable (1873-96), has enjoyed a continuous com-
parative immunity from diphtheria.

D
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HASTINGS.
(Population : 1871—28,291 ;
1801—562,228.)

EASTBOURNE.
(FPopulation : 1881—22,014 ;
1501—34, 0. )

BERIGHTON.
(Population : 1871—#),345 ;
1801—115,878.)

CROYDON.
(Population : 1871—55,652 ;
1801 —102,667.)
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Diphtheria plus | Diphtheria alone, Mean death-
| Croup. I}eu.t -rate enth-rate per rate for entire
per 100,000 100,000, perinod.
\;Junrs of |
Place. observi- [~
‘ ‘Higheat. | Lowest. | Highest, Lowest. ptus thnnn.
| . Croup. alone.
BT e (LT : _i_ == £
[
Hastings . - |1874-96| — — [Elﬂﬂég el
2 151
Bastbourne . |1888-06| — = 1%*}95“ Iﬁ] |l
" - |80 | Bi
Brighton . .[1870-96| — - 18‘;}!‘3 . 15.1;5 : — 13
1 41
Portsmouth . |1861-96| — s H 59 1 19%1"}} Sllsos
(87in | 6in 16 1n 1in :
Southampton | 1883-96 'i ;389 %‘8893 égsﬁ ia?r% 18 6
e U5 1n m Jood a
Croydon . . |1875-96{ ygg3) | 1es2) | 1893 13?5} el

(See remarks on page 26.)

Wesrery [DISTRICTS.

Bristorn has for a long period suffered very little from
diphtheria. The early epidemic appears to have reached
it in 1862, and continued, though never producing a high
death-rate, for several years. For twenty years there was
then very little diphtheria, and the recent epidemic, which
commenced in 1891, has hitherto affected the city only
to a minor extent (Fig. 19).

The curve for CArprFE is most irregular. The popula-
tion of this town has quadrupled in the period embraced
by the curve; and it appears likely that croup in these
returns is not so closely related to or identical with

diphtheria as in most other returns. The chief maxima
oceurred in 1884-87 and in 1892 (Fig. 15).

West CenrrRAL AND Mimoranp DisTrICTS.
Biesivouam had a small outbreak of diphthera in
1871-72. The disease has remained endemic as in other
towns of England, there being a steady mortality from it
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PORTS-
MOUTH.
(Population
1861 —05,224 ;
1801—150,285.)

SOUTH-
AMPTON.

(Population ;
1581—60,051 -
1991—73,884. )

BRISTOL.
{Population :
1860—151, 704
1506—250,628.)

CARDIFF.
(Population ;
1861—82.054 :

1301 —1.30,253. )
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on a small scale. In 1895-96 Birmingham suffered
severely from epidemic diphtheria.

WorvermAmproN had an epidemic of diphtheria culmin-
ating in 1885, and a much more severe epidemic in
1894-96, which may be connected with the epidemic
starting a year later in Birmingham.

Death- ! : g
(=] (s
rate per 2 = g @
L), | EI o 3
I

~ WOLVERHAMPTON!

d=11

.40

20

g

BIRMINGHAM

L

(o]

LEicesteR, as will be seen from the curve (Fig. 16), has
suffered very little from diphtheria, the intermittent rises
being of very small calibre. There 18 an appearance of
an epidemic on a somewhat larger scale in 1896, the 1ssue
of which cannot yet be stated.”®

# Tn 1897 the death-rate from diphtheria had increased from 51
in the preceding year to 36 per 100,000,
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MANCHESTER.'
(Population :
1871—851,189 ;

1891 —5605, 343, )

SALFORD.
(Population :
1861—85,108 ;
1801—19%,136.)

—+a40
OLDHAM.
idel e (Population :
1881—111,343 ;
1801—181,463.)
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L
ST HELENS.

=20 {(Population :
1871—45,184 ;
1801—71,000.)

u]

LIVERPOOL.
(Population :
1861—443,088 ;
1801—5617,851.)







ENGLAND AND WALES. 41

Y ORKSHIRE.

The Sugrrerp rveturns for diphtheria go back as far as
1859, and show a large epidemic of diphtheria in that
year. After a remission in 1860, a second maximum was
reached in 1862, This was followed by a gradual re-
mission of the disease, which reached its minimum in
1884. In 1885 an excess of diphtheria on a small scale
commenced, which still continues. The comparison of the
early part of the Sheffield diagram with the corresponding
parts for Liverpool and Salford shows that the remission
of the early epidemic which occurred in 1860 in Sheftield,
oceurred in 1861 in Salford (Fig. 18).

Leeps and Braprorp are neighbouring towns iu the
West Riding, as are also HarLirax and HUDDERSFIELD.
Hutr, on the east coast, is comparatively remote from the
other Yorkshire towns. We may contrast the very small
epidemic in Hull in 1883-84 with the slightly greater
epidemic in Leeds in the same year, the still slightly
greater epidemic in Halifax in 1886, the much more
severe epidemic in Huddersfield in 1837, and the more
protracted epidemic in Sheffield, which culminated in
1880-92. Bradford appears to have almost entirely
escaped any epidemic prevalence of diphtheria during
1881-90, or in any other year. Leeds and Hull come
next in order of relative exemption, while Sheffield
shows a considerable amount of endemic diphtheria.

Diphtheria. |
Years of Death-rate per 100,000, Mean death-rate
Place. | ohservation. '— = for the entire period
_ from Diphtheria.
Highest. | Lowaest, |
Sheffield . .| 1839-96 | 99in 1859 | 8 in 1886 15
Teeds . . .| 1872-96 | 19in 1894 | 8 in 1887 106
Bradford . .| 187196 | 14in 1878 | 1in 1878 7%
Halifax . . 1872-96 25 in 1808 | B in 1884 19
Huddersfield | 1879-95 | 46 in 1887 8 in 1893 | 19%
Halll 1870-96 I 29 in 1896 | 2 in 1896 | il

* See foot note on p. 25.



49
& DIPHTHERIA,

Death- 3 :
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(LS8 1571—122,226;
: : . 1581 —218,812.)
i ; 5 ' BRADFORD.
: ; (Population
. : 1871—146,087 -
: 1801—216,938. )
I
]
—=A0 1
| HUDDERS-
; | FIELD.
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. 18T9—80,245 -
0 1894—08,511.)
) :
-1 ;
—2 : : = HALIFAX.
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a : a1 1896—094,755.)
! :
I [
; ) ' LEEDS.
‘“‘Eﬂ—: (Population :
I

1873—272 619 ;
1E8006—347,278.)

SHEFFIELD.
(Population :
1561—186,37h ;
1561 —325,304.)

NORTHUMBERLAND.

The curves for Newcasrie-veon-Tyxe and Souvrn
SHIELDS resemble each other in shape and time incidence.
There has been no great epidemic; but it is evident that
the amount of diphtheria increased in both towns from
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the middle of the last decennium onwards, and that these
towns now show a declining amount of diphtheria, with-
out the amount ever having been alarming. Newecastle
has a larger amount endemically present than South

Shields.

]Hiph[,hl:l'iil.. [
: = Death-rate per 100,000. | Mean death-rate
Place. ' 1 :'d.l.ﬂ - | per 100,000 for the
observation. entire period.
Highest. Taowast.

Newcastle- .

ulmn—T}*n{* g 187096 27 in 1890 g in 1879 | 12
South Shields 1871-95 20 in 1891 2 in 1893 11

Death- o
rate per E
1000,

o (7 5
20 __. ~ .~ SOUTH SHIELDS.

(Population : 1871—45,6003
1501—70,007.)

NEWCASTLE-UPON-
TYNE.
(Population : 1871—186,205 ;
1501—187,002.)
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1881—25,804 |

1891—27,259.)

GLASGOW.
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B 1R61—307.678 ;

1501 —5d7, 144, )

PAISLEY.
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1881 —56, 0635 ;

. 1801—66,427.)

DUNDEE.
(Population :
1881—142,455 ;
1891—1565,040.)

ABERDEEN.
(Population :
1851—105,076 ;

1891—121,905.)
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Fig. 21.

Nore.—The Scottish and Irish curves terminate in angular pomnts
instead of in horizontal lines. These diagrams had been completed
before the columnar shape of diagrams was finally chosen, but it was
not thought necessary to reconstruect the diagrams already completed.
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Diphtheria.

voars of I Death-rate per 100,00,

Place. ohservation, —
| Highest. Lowest,
Kilmarnock . . 187594 20 in 1852 i 'En 1889
Paigley . . . . 1859-54 80 in 1888 & 1893 21n 1560
Glasgow. - . . 1859-94 | 60 in 1863 | Bin 1860
Greenook . . . 185994 | 87 in 1860 15 in 1876
Edinburgh. . . 185094 | 80 in 1871 6 in 1861
Parth. . . e 1859-94 | 266 in 1863 (0 in 1859
Duandee . . . . 1859-94 ' Hh in 1873 9 in 1870
Aberdesn . . . 185004 7h in 1864 | 81in 1877 & 79
g DUBLIN.

j (349,5t4.)
‘ i
_ | BELFAST.

(278.277.)

CORK.
(75,345.)

' LIMERICK.
| {37,165.)

LONDOMNDERRY.
(38,200.)

— - —

WATERFORD.

(B0, BN,

&
Fig. 22.

Nore.—The populations given within the brackets are those of the
census enumeration, 1891. The scale of the diagram is the same as
that of the preceding diazrams.

[RELAND.

Ireland is a sparsely populated country; and on the
hypothesis that diphtheria is conveyed chiefly by personal
infection, it is not surprising to find that its amount in






CHAPTER IV.

THE HISTORY OF THE GREAT EPIDEMIC OF DIPHTHERIA IN
LONDON IN THE FIFTH AND SIXTH DECADE OF THE NINE-
TEENTH CENTURY.

Iy 1847 the London curve (Fig 13) shows a striking rise
in the death-rate from croup, it being 154 per cent. higher
than in the preceding year. Does this mean an increase
of laryngeal diphtheria, or of some other disease mas-
querading under the name of croup ? The curve for the
whole of England does not help, as the records for 1847
are absent. The historical summary (page 116) shows
that diphtheria was prevalent in London and elsewhere in
1848—49. The sparsity of recorded cases by no means proves
that this unrecognised disease was not prevalent in 1847.
On the other hand, 1847 was a great influenza year, and
it may be that the sudden rise in deaths from croup was
really due to inflammatory laryngitis secondary to influenza.
Dr. Peacock’s historical account,* however, makes it prob-
able that there was considerable true diphtheria. He
says : “ There was also, during the period of the influenza,
a greab increase in the number of deaths from the various
descriptions of eruptive fever, small-pox, measles, and
scarlet fever, as likewise from hooping cough, ete. 3
with affections of the fauces and larynaz” (p. 353). On a
later page (p. 366) Dr. Peacock says: “From the tables
of mortality, it will be seen that the deaths from croup,
quinsy and laryngitis were during the epidemic much

% “ Influenza : an History Survey,” Dr. Symes Thompson, 1890,
p- 855.
40 E
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in a very fatal form was epidemic during the same years,
and much of the diphtheria was regarded by practitioners,
in whose experience diphtheria was a totally new disease,
as scarlatina anginosa.

A careful study of the metropolitan ﬁguraa themselves
shows that the epidemic of diphtheria was present before
1859, the first year shown on the curve in Fig. 13.

In the following table I have calculated the annual
death-rate from diphtheria, croup, quinsy, and laryngitis
in London from 1839 to 1868.

_—

Annnil Deatli-rate per 1,000 living from

Year. e e e =
Diphtheria. 5 Croup. ‘ Laryngitis. Quinsy.
I

1839 No entry | 18 | 01 05
1840 ' s 21 | 01 (4
1841 | 21 1 01 (04
1842 24 01 - 04
1843 : 11 01 03
1844 . ) | 03 05
1845 5 17 1 04 03
1546 " 13 10 {4
1847 : 33 10 ‘04
1848 s 18 (= (4
1849 14 08 04
1850 : =18 03] 03
1851 d 18 08 03
1852 k 14 08 02
1853 s 15 10 (2
1854 | : 19 13 03
1855 e -1 11 04
1856 | 3 09 11 08
1857 | 2 17 12 08
1858 | s -21 12 04
1859 284 15 -10 03
1860 -174 17 10 02
1861 239 -30 14 (.
1862 | *265 ‘33 15 ‘03
1863 | 275 -32 13 08
1864 - | 207 30 -18 03
1865 144 25 -11 (2
ieee | o2 | &8 10 02
1867 | 145 , 24 11 01
1868 | 158 ; 923 11 01
1869 107 i 28 13 01

It will be seen that in 1855 the death-rate from croup
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also describes a number of cases occurring during these
years, which were obviously true diphtheria. On page 80 of
the same work, he remarks: “In a sporadic form, or In
the form of very small groups confined to alimited district,
diphtheria has probably never been absent from this
country.” The value of this remark is somewhat diminished
by the following remark, with which it 18 associated : “In
this respect it resembles cholera, the ofher novel epidemic
of the present century.”

Mr. Netten Radecliffe in a paper, “On the Recent
Epidemic of Diphtheria” (vol. i, part ui, p. 328,
Transactions of the Hpidemiological Society), says :
“The order of epidemic manifestation of the disease,
in point of time, in the different districts of the
kingdom, after 1855, was,—

In 1856 (1) The West-Midland Counties.
(2) The Eastern Counties.
(3) The South-Eastern Counties.
(4) The North-Midland Counties.
In 1857 (5) The South-Midland.
(6) The North-Western.
(7) Yorkshire.
(8) The Metropolis.
In 1858 (9) The South-Western Counties.
In1859 (10) The Northern Counties, Monmouth, and
Wales.”

The following further sentences may be quoted from
Mr. Ratcliffe’s important paper (op. cit. p. 334), as they
throw considerable incidental light upon diphtheria in
London,

““If the mortality returns for the years 1840-59 be
examined, it is found that scarlet fever underwent a
prodigious increase in 1858, and prevailed in that year to
a greater extent than in any previous year of the nineteen.






CHAPTER V.

THE HISTORY OF THE EPIDEMIC OF DIPHTHERIA IN LONDON,
1888-96, AND ITS BEARING UPON THE METHOD OF SPREAD
OF THE DISEASE.

Tag area of London (Registration area) is 121 square
miles. At the census of 1891, there were within this area
544,947 inhabited houses, containing an average of 7'7
persons to a house. Its population at the middle of 1897
is estimated to have increased to 4,463,169, the enumerated
population in April, 1891 being 4,211,743.

A consideration of the mode of spread of diphtheria
in this vast province of houses, as evidenced by official
statistics for the several districts composing the metropolis,
must throw light on the general problem of the mode of
progression of this disease. A glance at Fig. 13 shows
that in London as a whole, diphtheria had been increasing
fairly steadily, the total volume of the disease (as indicated
by deaths) increasing year by year with very slight
interruptions until the maximum was reached in the year
1893.

The annual summary of the English Registrar-General
for 1895 contains, on page 9, a table giving the deaths fromn
diphtheria in the Metropolitan Sanitary Area in the nine
years 1887 to 1895, after distribution of deaths occurring
in public institutions. From this table, supplemented by
later returns for 1896, the death-rates per 100,000 of popu-
lation have been calculated and plotted out on the diagrams
in Figs. 23 and 24. It must be noted that the census
population is assumed in each case to hold good throughout

the ten years. This will have produced some exaggeration
bh
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PADDINGTON.
(117,840.)

KENSINGTON.
(166,308.)

HAMMERSMITH.
(97,239.)

FULHAM.
(01,659.)

CHELSEA.
(96,253.)

ST. GEORGE, HANOVER SQUARE.
(78,864.)
ST. MARGARET, ST. JOHN, and ST.
JAMES, WESTMINSTER.

(80,760.)
ST. MARYLEBONE.
(142,404.)
HAMPSTEAD.
(62,416.)
ST. PANCRAS.
(234,370.)
ISLINGTON.
(319,413.)

STOKE NEWINGTON.
(220,542.)
ST. GILES, ST. MARTIN-IN-THE-
FIELDS, and STRAND.

(70,615.)

Fig. 23.
(The fizures in brackets are the population of each district or parish
at the census in 1591.)
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HOLBORN.
(99,480.)

CITY OF LONDON.
(35,5320.)

SHOREDITCH.
(124,009.)

BETHNAL GREENM.
(120,132.)

WHITECHAPEL and ST. GEORGE'S IN
THE EAST.
{120,257.)

MILE END.
(1G4, 5. )

: POPLAR.

(166,748.)
ST. SAVIOUR, ST. GEQORGE THE MAR-
TYR, and ST. OLAVE, SOUTHWARK.
(9,612.)
NMEWINGTON.
(115,804.)

BERMONDSEY and ROTHERHITHE.
(123,937.)

LAMBETH.
(275,203, )

BATTERSEA and WANDSWORTH.
(307,500.)

CAMBERWELL.
(235,244.)

GREENWICH and LEE.
(201,518.)

LEWISHAM, WOOLWICH, and PLUM-

STEAD.
(165,550.)

it
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They clearly show that while one part of the metropolis
was suffering severely from diphtheria, others were
relatively exempt; and that the latter in their turn
suffered from the same plague. This is seen over and
over again in contiguous parishes, and it is impossible
to resist the conclusion that in diphtheria we have to
deal with a disease which creeps slowly from place to
place, in which months or even several years may elapse
before it takes firm root and begins actively to propagate
itself. It cannot be imagined that climatic differences
between the various parishes of London can account for
the erratic time-incidence, of the outbreak of diphtheria
in these parishes. The different parts of London differ
but slightly in amount of sunshine, rainfall, temperature,
or humidity of air. We are hemmed in to the conclu-
sion that the differences of time-incidence of the epidemic
in the various parishes of London are determined chiefly,
if not solely, by the opportunities for free personal inter-
communication and infection. This does not exclude the
possible operation of factors favouring in certain districts
an exceptionally severe development of the disease, or
permitting its retention in the district for an exception-
ally long period. Nor, on the other hand, does it exclude
the operation of some wider causes which, co-operating
with personal infection, provoked the great London
epidemic from 1888 onwards.

A further point is clear from the above curves. In
the first outburst of the disease it does not exhaust its
local possibilities. A second outbreak 1s shown in at
least fifteen out of the twenty-eight curves contained
in Figs. 23 and 24. Tt is instructive to compare in
this respect the curves for large towns remote from
other towns, in which such epidemic “relapses” are
not so usual. That they should occur in the different
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parishes of London is not surprising, when we remember
that each parish is a part of the great province of
London, and that when the disease has spent itself at a
particular focus, there are abundant opportunities for
its rejuvenescence by fresh importation from foci in other
districts.

In the present chapter diphtheria in London has been
discussed as though personal infection were the sole factor
concerned in its spread. But why should personal infec-
tion be so potent in producing an epidemic in certain
years, while at other periods, with the same opportunities
of personal infection, no epidemic is caused ? The dis-
cussion of this wider problem is contained in Chapters
XVI and XVIIL.
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BORDEAUX.
{ Population ; 1838—237,073.)

LYONS.
{Population : 1885—400,410.)

MARSEILLES.
(Population : 1883—376,143.)






FRANCE, ITALY, HOLLAND, AND BELGIUM. 6o

— -

Diphtheria plus Croup. i
Yearsof |  Doathrate P 100,00, iphtheria plus Croup.
Place. “‘ﬁg;"“' : ; — im,mu for the entire
; Highest. Lowest. period.
Paris . . .| 18656-96 | 121 1877 |17-Hin 1895-6 63 *
Bordeaux . .| 1886-96 | 78, 1888 | 4 , 1896 a7
Lvens . . .| 1896-96 | 95, 1800 | 12 ,, 1898 45
arseilles, . | 1886-96 | 198 ,, 1891 28 ,, 1895 it

# Obtained by the less accurate but only available method of adding
together the annual death-rates and dividing by the number of years.

SWITZERLAND.,

The returns from Geneva and Lausanne show a very
considerable amount of diphtheria. The first epidemic
chown on the curves reached its maximum in 1881 in
Geneva, in 1883 in Lausanne. This may be compared
with the 1881 maximum in Turin. The more recent
epidemics in the two Swiss towns were also not simul-
taneous in time.

QpAIN AND PORTUGAL,

In Barcelona, in 1881, 122 deaths from diphtheria plus
croup were recorded, giving a death-rate of 43 per
100,000, .

In Lisbon, in 1882 and 1883, 141 and 104 deaths from
diphtheria were recorded according to the annual sum-
mary of the Registrar-General, giving a death-rate of 70
and 51 per 100,000 respectively. From the official weekly
records of mortality in Lisbon, for the five years 1892-96,
received by the author, it appears that diphtheria plus
croup caused 44 deaths in 1892, 50 in 1893, 72 in 1894, 89
in 1895, and 51 in 1896. The census population in 1878
was 242 297 ; in 1890, 301,206. If we assume a uniform

population of 305,000 for the above years, the death-rate
F
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70 DIPHTHERIA.

From Antwerp returns have been received which give
the deaths from diphtheria and croup together from
1860-66, and again, 1887-93, while for other years they
are stated separately. The curve based on these returns
presents a great epidemic, culminating in 1864-65; an
excessive prevalence of the disease in 1870-80; an epi-
demic, culminating in 1883, and a recent epidemic in
1894. All through the years, although there is evidently
some transference between diphtheria and croup, it is plain
that diphtheria was endemically present (as also in
Amsterdam) to an excessive extent.

The returns for the city of Brussels do not distinguish
between diphtheria and croup. Those for the city and
its suburbs together, dating from 1876, give the two
separately. The latter returns deal with a population, in
1896, of 518,387, as compared with 190,313 in the city.
There was a great epidemic of the disease, culminating in
1862-65, and it remained very excessively prevalent until
the end of the decennium 1861-70, only reaching its
minimum point between 1876 and 1881. Then followed an
epidemic, the greatest mortality from which occurred in
1885, a year or two later than the corresponding maxima
in Antwerp and Amsterdam. The curve for L’ Agglomera-
tion Bruxelloise follows the course of the city curve, so far
as the 1885 maximum is concerned. It would appear that
the earlier epidemic in the city did not subside in the
suburbs for several years after the minimum was reached
in the city.

e — . i c—
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CHAPTER VIL
GERMANY, AUSTRO-HUNGARY, AND RUSSIA.

TuEe great seaport of Hamburg has an enormous amount of
diphtheria endemically present. Berlin has even more;
and most other German cities show an excessive endemicity
of this disease. This can be seen by a glance at Figs. 29
to 34.

The returns for Hamburg are exceptionally complete
through the kindness of Dr. Reincke, the head of the
Statistical Bureau of the city. He has obtained the early
returns specially for me, they not having been published
before. Diphtheria and croup are classed together.
Even when allowance is made for the probable incom-
pleteness of the earlier returns and for changes of
nomenclature, it appears clear that there was no very
great epidemic of diphtheria between 1838 and 1860,
though smaller epidemics culminated in 1838, in 184:3-44,
and in 1852. Then appear epidemic peaks in 1862 and
1869,

The first great epidemic visible in the Hamburg curve
culminated in 1873-74. It was two years later (1875-76)
in Berlin and Breslan. In Leipzig the time incidence was
the same as in Hamburg ; while in Frankfort-on-the-Main
the epidemic occupied the years 1876-79. The compara-
tive lightness of this outbreak in Breslaw and Frankfort-
on-the-Main as compared with the outbreaks a few years
earlier in Hamburg and Leipzig, and with the outbreak
about the same time in Berlin, may be noted.

The next epidemic occurred earlier in Berlin than in

Hamburg, the remission between the Berlin epidemic
T4
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Breslau, 1887-88. In Frankfort it was still later and more
protracted, only commencing materially to decline about
1893. The whole series of German curves is worthy of
careful study in its bearing on the hypothesis of gradual

progression of the disease from town to town.

EERLIN.
(Populat {on : 1868—716,088 ; 1586— 1,608,726.)
Treath-
rate per o 2 2
10HN). e o =
220 At

(Through an oversight, the part of this diagram representing the
d.:*mh-ratp from croup is indicated by white columns enclosed by black
lines, instead of by stippled columns, as in all the other diagrams.)

The Frankfort records go back to 1851. In the first ten
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BRESLAU.
(Population ; 1860—168,201 150G—378,088.)
Death- = %

rato per - ]

10040,

1890

1-60

Fig. 32,
FRANKFORT-AM-MAIN.

(Population : 1851—%50,306 ; 1895—226,000.)
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Diphtheri : . Mean Death-
phiherlsplus | piphtheria alono. | raiq por 100,000
Death-tate per 100,000, for the
Years of 100, 000, A entire period.
i s h Vi 1
Place o ffuﬁ:.n Diph- Diph-
Highest. | Lowest. | Highest. | Lowest. bhfl:;“ therin
roup. alone.
Hambure . [1872-954 {22222 11?35;1} 22;. 51_ e
- 242in | B4 in in in
A(1621in | 281n) i
| (258in | 52 1n P
Dresden . . |1878-9 1852 1595 [ — - 129

el wrm| s
Frankfort- wy o | [ 16031 in 57 In in
un-thee—Mu,in} 1851-95 |1 1g00 | 1860 | 1890 | 1862 64 | 58
Manich { 1865-74 | 184 in ﬁain}
anich . 31187695 1869 | 189

= = aon | =

# The figures for Hamburg relate to a shorter series of years than
the curve in Fig. 29.

AvsTrRO-HUNGARY.

We may commence with Trieste, which lies at the upper
end of the Adriatic Sea on its eastern side, Venice bemng
on the western side. The diagram shows three great
epidemics, and a large endemic prevalence of the disease.
The first epidemic ranges from 1869 to 1874. The first
epidemic ranges from 1869 to 1874, culminating in 1873 ;
the second from 1881 to 1886, culminating in 1885 ; while
the third, which began in 1891, culminated in 1894.

The returns for Buda-Pesth date back only to 1874.
The first epidemic shown on the diagram reached its
maximum in 1878. This may be regarded as a sequel to
the 1871-75 epidemic in Trieste; or if it be assumed that
the infection travelled southwards and to the west, then
the Trieste epidemic of 1881-85 would correspond to the
Buda-Pesth epidemic of 1871-79. In 1886 another severe
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epidemic of diphtheria began in Buda-Pesth, which
reached its maximum in 1890-92, and then rapidly
declined.

Vienna showed a fairly steady endemic prevalence of
diphtheria between 1865 and 1870. In 1876-79 it suffered
from a severe epidemic, which was repeated in 1891-04.
The time incidence of these epidemics corresponds fairly
well with that of Buda Pesth, which is on the banks of
the Danube, at a lower point than Vienna. The recent
epidemic was, however, later in Vienna than Buda-Pesth,
reaching its acme in 1892-94, instead of in 1890-91.

The returns for Prague show epidemics reaching their

%
L

maxima in 1877-78 and in 1887-89 (Fig. 35).

VIENNA,
{Population : 1865—561,647 ; 1885—1 AS8,4063.)

= 21 2!

Death- e El =

rate per '

10040,

1-60
=40
20
1-00

i |










854

Daath-
ricte per
TR,

. 1880

G|

DIFHTHERIA.

ST. PETERSBURG.
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MOSCOW.

(Population: 1882—753, 40



CHAPTER VIIL.
SCANDINAVIA,

Tre Scandinavian death returns for diphtheria are of
great importance for several reasons. They embrace a
long period of years. They can be supplemented and
checked by a corresponding record of cases of sickness,
based on a national system of notification of certain forms
of sickness in the whole of Norway and Denmark. They
have a further interest because they relate to sparsely
populated countries, in which the influence of epidemics
can be easily seen; and in which the inter-epidemic periods
might be expected on @ priori grounds to be well marked.
That this is so is shown very clearly by the curves for
Christiania, Gottenburg, Stockholm, and Copenhagen.

The curve for Christiania shows a large epidemic, reach-
ing its maximum in 1862, but well on its way in 1860,
when the record commences. For some years afterwards
the amount of diphtheria was excessive, but between 1870
and 1880 there was little of it. In 1884 an epidemic of
enormous magnitude commenced, lasting with great force
until 1891. The highest death-rates from diphtheria plus
crounp were in 1885 and 1887, in which they were 3:28
and 3:29 per 1000 of the population respectively.

The curve for the whole of Norway presents identical
epidemics, with minor differences (see Fig. 47, p. 104).
The earlier portions of the two curves are almost identical
in shape ; but the more recent epidemic is somewhat more
protracted than in Christiania, and takes a longer time in
attaining its maximum than in the capital town, not reach-

ing it until 1890. This is what might have been foretold
85



26 DIPHTHERIA.

in view of the scattered distribution of the Norwegian
population.
CHRISTIANIA.

.”J':"l-r'n' _I"4u' 1878 ;.-r.-'u':'u_r,r.

(Population : 1860—53,687 ; 1208—101,157.)

Death- 1
rale per
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(lottenburg had the early epidemic like Christiania, but
it began to decline earlier than in the latter. In 1871-73
it had an epidemic, which is quite unrepresented in
Christiania; and the next epidemic is earlier in Gotten-
bure than in Christiania, reaching its acme in 1884 instead

GOTTENBURG.
(Population : 1863—41,200 ; 1806—117,512.)
= = i
= 5 g 2
=i i — —
]
Death- - Mt e e e B L
rate per k
1001,
2:00
80 O o - -

60

&l

20

40

20

of 1885-87. It would appear, however, that Christiania
had accumulated in the longer interval a much more
“ explosive” population, if we may judge from the
enormous epidemic among its population which followed
close on the heels of the 1882=385 epidemic in Gottenburg.
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AFRICA AND ASIA, 093

organised the health statistics of Bgypt. As there has
been no census since 1882, it has been necessary to give
the actual deaths in each city. A column has been added
for each city giving the death-rate based on the popula-
tion figures as stated in the KEnglish Registrar-General’s
Annual Summaries. (For Alexandria these are given as
212,034 in 1879-84, and 231,396 for 1886-91; and for
Cairo, as 374,838 for 1886-87.)

If these returns are to be trusted, Cairo has suffered
much more severely from diphtheria than Alexandria.
The former city had a most fatal epidemic in 1882-85,
culminating in 1885. In Alexandria there was a smaller
epidemic during the same years, reaching its maximum
two years earlier than the more inland city. In recent
years Alexandria has suffered rather more than Cairo.

Care CoLoNY.

A general system of registration having only been
adopted on the 13th July, 1894, statistics are not available
for earlier years. According to the Cape of Good Hope
Reports on the Public Health, 1894, p. 24, the death-
rates from diphtheria plus croup in that year were very
high ; being 804 in Cape Town, 83'0 in King William’s
Town, 925 in Worcester, 1625 in Malmesbury, and 3984
in Aberdeen, per 100,000 of population.

INDIA.

Caleutta.—I am not in a position to state how far the
registration of deaths and the causes of death in this city
is effective ; but after making a free allowance for incom-
pleteness of registration, the figures published in the
Annuoal Summaries of the English Registrar-General show
that there is extremely little diphtheria in Calcutta, and
that it has not been epidemic in any year since 1879.
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AFRICA AND ASIA.

Year. Cases | Deaths. Population.
1588 2,084 1,450 _—
1559 2,669 1,495 —
1890 2,448 1,488 S
1591 3,429 1,974 —
15392 4,359 2,681 41,268,732
1893 5,126 8,205 41,089,940
1594 5,308 2 908 41888513
1595 6,100 3,025 41,818,215
1896 8,690 4,279 42.270,620

deaths shows that in all probability their notification
is very incomplete.

The figures for the years 1893-96 have been sent me
by the Director General of the Sanitary Bureau, Home
Department, Japan, who has kindly added the following
figures as to the number of patients and deaths from
diphtheria in five principal towns in Japan :—

Dipltheria in Japan,

1804,
Name of | = = =y e T
Towns. | xo of |No.of | Populas |Deathrate | No.of | No.of | Popula- |Death-rate
Patients. | Deaths. on. ipﬂr 100,000, | Patients. [Deaths, tion per 100,000,
Tokio . 371 | 212 1249224 17 | 707 | 183 (1268980 14
Kioto . 111 | 828,411 17 142 43 340,101 13
Osaka . . 129 74 | 488987 15 160 503 487,184 11
Yokohama | 49 36 160,489 23 80 40 170,262 24
Kobe - ' a8 87 155,993 24 62 82 161,130 20

If registration during the above years is fairly complete,

the above figures indicate that since 1888 there has been
a comparatively small mortality from diphtheria in Japan.
They also show that, as in all the countries for which I
have been able to secure records, the death-rate from
diphtheria is much higher in the towns than in the
country at a whole; from which it follows that for the
years to which the above records relate, diphtheria is
more an urban than a rural disease.






AUSTRALIA AND NEW ZEALAND, 07

disease was imported by passengers who were landing
every week at Melbourne from England, where a great
epidemic was raging. The first recorded fatal case in
Melbourne, he states, occurred in October, 1858, and up
to the end of that year only six fatal cases were recorded
in the colony. Mr. Thomson quotes official statistics

Death- =]
rate per =1
LT

120

1870

100

‘B0

60

-{0 —

VICTORIA.

QUEENSLAND.

Fig, 41.

for the colony, going back to 1853, These] show that,

from 1853 onwards, the annual deaths from croup num-

bered 32 (six months of 1853), 72, 53, 69, 56, 102, 229,

156, 166, the last number being for the year 1861.

Diphtheria first appeared in the returns in 1859. A

writer in the Australian Medical Journal, during 1857,
H
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states that he examined the larynx in several fatal cases
of croup in Melbourne, without finding any false mem-
brane. Notwithstanding this statement, I am of opinion

= E (=) E:
] &g = =ip
- _l—l = i

MELBOURNE.
(Population :
1861—139,916 ;

1505—443,255.

SYDNEY.
{(Population :
1856—81,5651 ;

1503 —408, 504, )

ADELAIDE.
(Population :
187 5—31,018 ;

150G -;'I__':'_.u_]

Fig. 42,
that a certain proportion of the cases of croup before
1858 were diphtheritic, and that the great mcrease of
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mortality from diphtheria and croup immediately after-
wards did not represent solely deaths from a newly
imported disease, though doubtless a large number of
cases were imported.

According to the above report, diphtheria appears to
have been in Tasmania before it was noticed in Victoria.

In Queensland (Fig. 41) a considerable epidemic cul-
minated in 1873, which lasted with severity until 1877,
A second epidemic reached its maximum in 1885.

g g

=i —

1670

=1
g
|

SOUTH
AUSTRALIA.

Fig. 43.

New South Wales, lying between Queensland on the
north and Victoria and South Australia on the west,
evidently suffered from the “early” epidemic of diph-
theria, as shown by the table (top of page 100) quoted
from the ninth annual report for 1866 of this colony :—
“The first mention of diphtheria occurs in the report
for the year 1864, but the disease had oceurred to some
extent during previous years, and had been tabulated
as quinsy,” *

* Quoted from “ Age and Sex Incidenc> Mortality in Michigan,
from Diphtheria and from Croup, during 25 years, 1870-94," by C.
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have a special interest in the marked contrasts between
their experience and that of Australia. The records
begin in 1872, Fig. 44 shows that in that and the two
following years diphtheria was epidemic in New Zealand.
A study of the details for individual districts shows that
the chief brunt of the epidemic fell upon the districts
of Auckland in the North Island, and Canterbury in the
South Island, occurring later or remaining entirely in
abeyance in the other districts. In some of these dis-
tricts diphtheria, as a fatal disease, entirely disappears

NEW ZEALAND.
(Population : 1871—266,086 ; 1806—714,162.)

5! g 8|

Fig. 44,

in the intervals of epidemics. Diphtheria is evidently
not a disease of virgin seil, but follows in the wake of
aggregated human communities. The contrast between
Canterbury and the other districts is further commented
upon on page 154, The diagrams, so far as further de-
tails are concerned, tell their own story.

Nore.—Through an oversight, in Figs. 44-47 the parts of the
diagrams relating to croup are not stippled as in all the pre-
ceding diagrams,



NEW ZEALAND., (A) Morth Island,
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Districts of—
AUCKLAND.
(Population : 1871—64,432;
1800G—150, 410, )

TARANAKI.
{Population : 1871—4,500 ;
1506, 20,533.)

WELLINGTON.

]

{Population: 1871 25,218 3
1506—123,930.)

HAWKE'S BAY.
(Population : 1571—06,212;
1800—34,700.)

Nore.—The record begins in 1872, No deaths from diphtheria or
SR T : i : E EL T, 20y
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NEW ZEALAND. (B) South Island.
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Districts of —
CANTERBURY.

(Population : 1871—43,807 ;
1806—137,867.)

OTAGO and CHAT-
HAM ISLANDS.
(Population : 1871—73,970
180166, 407. )

Fig. 48,
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NELSON.
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WESTLAND.
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CHAPTER XI.

RELATIONSHIP BETWEEN PREVALENCE OF AND MORTALITY FROM
DIPHTHERIA,

Ir has been already mentioned that in Norway and
Denmark there is a national system of registration of
sickness.* From the data based on the records thus ac-
cumulated since 1860, in the case of Norway, and since
1855 for the capital of Denmark, the following curves
have been constructed. In order to bring out the exact
relationship between sickness-rates and death-rates, these
have been calculated in terms of their deviation from
the mean rate for the entire period. The mean annnal
sickness-rate from diphtheria for Norway in the period
1860-91 was 2'25 per 1000 of population; the mean
annual death-rate *40 per 1000. In Copenhagen the
mean annual sickness-rate for the years 1855-95 was
588 per 1000, the death-rate ‘78 per 1000.

The carves for both Norway and Copenhagen show a
remarkably close relationship between prevalence and
mortality. In the recent epidemic in Norway, the fatality
(case mortality) evidently increased during the epidemic
years, but this was not so in the earlier epidemic. There
is some evidence of greater fatality during the greater
part of the inter-epidemic period.

In Copenhagen, during the epidemics culminating in

* For further details, see a paper by the author, on “ A National
System of Notification and Registration of Sickness.” Journal of
the Royal Statistical Society, vol. lix., part i. (March, 1896).
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to 597 in 1885, Fig. 50 shows some increase of fatality
in the earlier years of least prevalence of diphtheria in
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Berlin (i.e. in 1889-93). In the most recent years this is
not so, and it is probable that the disturbing influence of

(0—o—o0—o) and death-rate (@#—®—@—@) from the mean rate for

the entire period 1855-94,






RELATION BETWEEN FATALITY AND MORTALITY, 109

A study of these figures in connection with the epidemic
carve for Hamburg (Fig. 29), shows that the fatality was
ereatest during the years of greatest epidemicity, while
in portions of the Berlin and Scandinavian curves the
experience is the reverse of this (Figs. 48-50). The years
of greatest prevalence of diphtheria at Hamburg are in-
dicated by using thicker type for the percentage case-
mortality in these years.

The preceding figures and diagrams have an incidental
utility on which some stress may be laid. They confirm
my confidence in the general trustworthiness of the dia-
grams of death-rates scattered throughout this book.
The more these are examined, the more, I believe, they
will be found to tell the truth in all essential particulars.

Note.—On page 4 it is stated that there has been in the last few
years in England a tendency to notify as diphtheria, cases which
would previously have escaped notification. This remark was
based on an impression as to the working of the Infectious Disease
(Notification) Act, 1889, which is, I believe, shared by the majority
of medical officers of health. Fig. 50 B, however, shows that this
cause of error, if in operation at all, does not appreciably vitiate
the statistics of large communities. In 1897, the cases of diph-
theria notified in London were 12,811 as compared with 14,224 in
1896, giving a fatality of 177 as compared with 189 per cent.
Thus in 1897, diphtheria in London declined both in amount and
in fatality.
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856. Baronius writes (dnnal. ecclesiast.) of a *‘ pestilentia
faucium, qua fluxione guttur obstructum ecitam mor-
tem inferret,” as having occurred at Rome.*

1004. A similar epidemic is mentioned: ¢ Catarrhus
descendens in fauces, meatus obstruens, suffocatos
miseros homines confestim mori cogebat.”

1039, Cedremus records an epidemic sickness known as
kuvaryky, which was prevalent in some provinces of
the Byzantine Empire, and was very fatal.}

1337. A fatal epidemic of sore throat occurred in Hol-
land.

1389. Short refers to a kind of angina prevalent in
England, which was fatal to a large number of chil-
dren.§

1515. Herrera described diphtheria of the skin and of
wounds, and looked upon the pseudo-membrane he
found after death as the essential characteristic of
the disease.||

1517. Hecker, in his account of the sweating sickness
in England in 1517 (Epidemics, p. 224) describes “ a
malignant and infections inflammation of the throat,”
which was often fatal within a day, This appeared
in Holland, and later in the same year in Basle,
“where, within eight months, it destroyed about
2,000 persons.”

A similar outbreak is described by F. Von Word in
the Rhine districts, in which “ men’s tongues and

throats were covered as with a fungus, and turned
white, ete.”’

* Quoted by Hirsch, vol. iii., p. 78-4.

t Ibid. I Ibid.

3 Quoted by Webster, History of Epidemic and Pestilential
Diseases. Hartford, 1799, i., 148.

| Quoted by Jacobi, Treatise on Diphtheria, New York, 1880,
D 2.
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1626. Portugal first visited by angina maligna in this
year.

1632.  Alaymus published a treatise on “ Syrian Ulcers,”
evidently the same disease as that described by
Carnevale.

18th Century. From the middle of the 17th century up
to 1740, there is but little mention of the prevalence
of malignant angina; but in 1701 it appeared in
the Ionian Islands, and in 1715 in Aquilar de Campos
(Province of Valencia),

1745-50. In 1743 angina maligna appeared in Paris,
where it prevailed until 1750. Chomel deseribed
cases of diptheritic paralysis in connection with this
epidemic. (Dissert. List. sur Uaspect du mal de qorge
gangreneux, etc. Paris, 1749.)

A similar epidemic appeared in Eagland and in
Cremona, N. Ttaly, about the same time. The Eng-
lish epidemics of angina maligna were described by
Fothergill.

1743. An epidemic was noted in Ireland by Molloy.

1746. An epidemic at Bromley, England (Fagge).

1747. Ghisi describes an epidemic appearing in Cremona,
which produced death by suffocation. At Orleans,
Arnault describes cases of malignant sore throat fatal
within twenty-four hours.

An epidemic at Greenwich (Fagge).

1749. At Liskeard, in Cornwall, an epidemic of malig-
nant ulcerous sore throat appeared, of which Dr.
Starr contributed a description to the Plilosophical
Transactions. He fully described the false mem-
brane, including its extension to the larynx ; and, in
fact, anticipated Bretonnean’s description of diph-
theria. About this time appeared Fothergill’'s An
Account of the Sore Throat, (Liondon, 1748.)
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1817-25. An epidemic of malignant sore throat in Kent
in 1817, at Glasgow in 1819 and 1825, and at Kelso
in 1825.%

1821. Diphtheria appeared for the first time at Lima;
afterwards to a limited extent in 1850 and 1855, and
again broke out in 1858, The black races proved
as resistant to diphtheria as they were to yellow
fever.t

1834. KEpidemic of angina maligna at Skien, in Norway.

1835. An epidemic of malignant sore throat at Lisbon.

1810-11. Angina maligna was prevalent at Lyons.

1818-21. The well-known epidemic described by Bre-
tonneaun occurred at Tours.

1824-25. Epidemic at La Ferriere.

1826. Epidemic prevalent in Geneva and Canton Vaud.

1825-36. The disease became widely prevalent in France,
particularly in the north-west provinces.

1818-21 and 1825-26, Term ¢ diphthérite ” originally
used by M. Bretonneau in his treatise on the sub-
ject, which appeared in 1826. His treatise was based
chiefly on epidemics of malignant sore throat in Tours
and its neighbourhood in 1818-21, and again in
1825-26.

The report of the Lancet Sanitary Commissioners,
1859, states that, “while in the year 1825, a year
remarkable for its extreme dryness, the communes

* The Kent outbreak occurred at Ashford. It is mentioned by
Dr. Burdon Sanderson as “ an epidemic of malignant sore throat,
which proved extensively fatal to children, was never accompanied
with any eruption, and differed from scarlatina.” (Thorne, Natural
Iistory of Diphtheria, p. 15.) .

T Quoted in Dr. Babington’s Presidential Address (Transactions
Epidemiological Society, vol. i., part 1., p. 9), who refers to Hays's
American Journal, vol. xxiv. p. 521, for a statement as to the
gradual spread of the disease to Lima from the north.
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in 1855. At the same time it was observed as the
most prevalent throat affection of the French army in
the Crimea.

An epidemic of diphtheria among the military at
Avignon. '

1854. Three cases occurring in an isolated house ten
miles from Colchester were described. *

1854. Diphtheria broke out in Canton Zurich.

1895. A very virulent epidemic of diphtheria in Paris.

1855-56. The second epidemic in England began (Rad-
cliffe} in Cornwall. At Launceston it began 30th
September, 1855, coming to a height in August, 1856.
In 1856 more numerous epidemics occurred. Several
deaths near Spalding, Lincolnshire, in 1858. The
disease appeared in Kent, November, 1856.

1859-57. From early in 1855, to March, 1857, a very
virulent epidemic in Boulogne, killing 366 persons,
including many English.

1856. Diphtheria first appeared in Iceland, breaking out
first in Reykjavik, the point of communication with
Kurope, and thence spreading northward and west-
ward.

1857. The relation of albuminuria to diphtheria was
first observed by Dr. Wade, of Birmingham (Midland
Quarterly Jowrnal of Medical Seisnces, 1857), and
shortly afterwards in Paris, by M.M. Bouchut and
Empis.

1858. An epidemic of diphtheria occurred in the rural
parish of Hertingfordbury, Herts, beginning in Octo-
ber and suddenly ceasing at the end of the year.
There were 53 attacks (14 fatal) in a population of
750. The outbreak is described by Dr. Burdon

* OUp. ¢it., p. 85.
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18G6. Becker described an epidemic in Hanover, attack-

ing 155 inhabitants out of 487, and killing 29.
Similar outbreaks in Kiel, ete.

1866. Lange (in Jowrn. fur Kinderkrankheiten, 1869) de-
seribed the increasingly epidemic character of diph-
theria in Denmark. Thus in—
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(see also Fig. 40).

1866. A wide epidemic in Kaffraria, deseribed by Lewson
(Transactions Epidemiological Society, 1869).

1868. Diphtheria is said to have first appeared in Rou-
mania, spreading to Turkey, etec.

1869-70. At Bucharest, Professor Felix deseribes an
epidemic, in which 200 out of 415 patients died. It
is noted that the Jewish population of 1,400 almost
entirely escaped, probably owing to their comparative
isolation in their quarters.

1871. A grave epidemic at Thoury (Loir-et-Cher). Of
21 patients, 16 died. Similar epidemics at Saint
Laurent de la Prée (Charente-Inferieure), at Vienna
(Isére), ete.

72. Several epidemics in different parts of France.

79. Dr. Sainton describes an epidemic in the three

communes of Bar-sur-Seine, Celles-sur-Ouarce, and

Mussy-sur-Seine (Aube), lasting from 20th November,

1874 to the end of 1875. Out of a total of 5,203

inhabitan_t.a, 628 were attacked, and 80 died; the

18
18

It

NoTe.—An excellent account of the History of Diphtheria in
Denmark and Germany is given by Dr. J. Carlsen, of Copenhagen,
In Janus, i. pp. 48, 161, and ii. p. 1.
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1735, gradually spreading westward, and not reaching
Hudson’s River till mnearly two years afterwards.
“It continued on the east side of Hudson’s River
before it passed to the westward, and appeared first
in those places in which the people of New England
resorted for trade, and in the places through which
they travelled.” |

1752. An epidemic of malignant sore throat noted in
New York by Father Middleton.

1771. Dr. Bard described an epidemic of sore throat
in New York, characterized by false membrane, etc.
He emphasizes the difficulty in detaching the false
membrane found post-mortem in the trachea.* He
also contrasted the sudden onset of scarlet fever with
the drooping in diphtheria, and speaks of a “few white
specks on the tonsils, which in some increased so as to
cover them over with one general slongh.”

1809. Epidemic of malignant sore throat at Philadel-
phia.

1826. Epidemic of malignant sore throat at New York,
Salem, and Danville.

1831. An epidemic in Philadelphia, in 1831, similar to
the one described by Dr. Bard.

1836. An epidemic of malignant sore throat at Orizaba,
in Mexico.

1855. Dr. Wynn mentions epidemics at Tima, in 1855
and 1858. (A Paper on Diphtheria. New York,
1861.)

1856. A fterrible epidemic occurred in San Francisco,
and in other towns of California ; on which Dr. J. V.
Fourgeand published a monograph,

* Dr. Bard's treatise on Angina Suffocation was published in
1771. In 1810 it was republished in Paris, and was known to
Bretonneau, who quoted from it.
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This exact record is necessary, in view of its important
bearing on the climatic question (see page 148.)

Angina Membranacea (Croup) in Christiania.

1833. Angina trachealis, a comparatively rare disease in
Christiania, killed several children this year.

1834. At the beginning and end of this year a larger
number of children were carried off by this illness
than in the last two years.

1845. In the months of July and August some children
were attacked.

1846. Specially in January, and in the latter half of the
year, several even older children were attacked,
usually with a fatal issue.

1847.
Anginag Membranacea Dipltheria.
(Oroup). Appeared  occasionally,
Continued from last year specially during the autumn
among both younger and months.
older children, but seemed
to decrease as measles be-
came more frequent, though
it appeared now and then
throughout the year, more
frequently at its end, al-
thongh probably not as fatal
as before.

1848,

Attacked some children Some persons, adults and
during the year, but seemed children, were attacked in
not to be so fatal as before. the first and last part of the

year.
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CHRISTIANIA.
1 8'5'5 ®

Angina Membranacea (Croup).

Was rare; three cases
are stated to have died of
this 1llness.

Diphtheria.

Now and then all the
year round, but only spo-
radically, inflammations of
the throat of an exudative
appeared.  They
were but seldom fatal.

natare

1856,

Appeared in single cases
in the antumn, coincident

with catarrhal affections.

Appeared singly, not fre-
quently nor malignant.

1857.

Was in this year more
frequent than in the preced-
ing, and is notified in all
months of the year except
February, July, and August.
Most of the cases occurred
in December. The total
number of cases of which
account exists was 10 in the

city and 15 in the suburbs.
Of these, 16 died.

Inflammation of the phar-
ynx with exudates occurred
all through the year, prin-
cipally in the months of
March and May. Five per-
sons are stated to have died
of diphtheria. Within one
family, all the eight children
were attacked in the course
of two months.

1858.

Appeared frequently dur-
ing the last four months of
the year. In the National
Hospital 17 were treated,
of which 10 died, To the
Medical Society 32 cases,
with 24 deaths, were re-
ported.

Appeared through the
whole year, but principally
about its end. To the Medi-
cal Society were reported 69
cases, of which 31 occurred

in November and De-
cember. None of them
died. One doctor has

mentioned three deaths.






CHAPTER XIII.

INTERNATIONAL REVIEW OF THE PREVALENCE OF DIPHTHERIA
AS SHOWN IN THE FPRECEDING DIAGEAMS.

Tais review naturally divides itself into three parts—
(¢) For the American Continent.
() For Europe.
(¢) For Australasia.

In discussing the source and mode of spread of
epidemics, the greatest difficulties necessarily arise in
connection with cities like the American cities and the
cities on the European continent, in which there is a large
mass of diphtheria constantly endemic. The epidemics
oceurring under such conditions may be taken simply to
represent intermittent exacerbations of the local infec-
tion, from an accumulation of susceptible persoms, or
more probably from an increased infectivity of the
disease at intervals. Or they may be regarded as due
to the importation of a new ‘“strain’’ of disease; and
there are not wanting, as we have already seen, indica-
tions of gradual spread from city to city and from dis-
triet to district.

The following tabular statement of years of maximum
epidemic prevalence in the chief cities in America from
which records have been obtained makes this clear :—
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on the continent of Europe, there is the difficulty that
many of them combine diphtheria and croup in their
returns. It would appear, however, that Paris and
Berlin occupy a supreme position as regards the amount
of endemic diphtheria. Munich and Hamburg are not
far behind, while in Brussels it is somewhat less fatal.
Italian towns also suffer very severely. In Scandinavian
cifies there is a very great mortality from this disease ;
but it prevails chiefly in an epidemic form.

Turning to the American returns, it seems probable
that in Boston, New York, Chicago, and Montreal, there
1s even more endemic diphtheria than in Berlin or Paris.
A safer and more trustworthy impression of the actual
amount can be obtained by a comparative survey of the
diagrams than by a study of the average death-rates
given in the tables on preceding pages.

(@) In places in which there is mo large amount of
endemic diphtheria the preceding diagrams show a dis-
tinctly cyclic character in the recurrence of the epidemics
and pandemics.

(¢) The intervals between these cycles vary greatly.
They may be only three or four years. The Gottenburg
curve is a good instance of an almost regular cyelic
appearance of diphtheria at intervals of ten or twelve
years. In Christiania the interval is much longer. In
London, when diphtheria became very prevalent in 1858,
1t was thought to be a new disease. It did not become
epidemic again until 1875, and then feebly; and it was
not until 1893 that the third epidemic, of which statis-
tical records are extant, culminated. New York shows
epidemics culminating at intervals of four, six, and seven
years respectively ; Chicago shows epidemics culminating
ab intervals of five, fifteen, and six years. Other in-
stances can be gathered from the diagrams,






CHAPTER XIV.
ARE THERE INDIGENOUS FOCI OF DIPHTHERIA 7

Tur series of diagrams clearly show that, although the
amount of endemic diphtheria varies greatly in different
countries, in no town from which records have been
obtained is there a complete absence of the disease in a
single year since the records commenced.* In all, there-
fore, diphtheria i1s an endemic disease. In several in-
stances, as in 1873 in Christiania, 1891 in Gottenburg,
1876 in Pragune, 1880 in Hastings, and 1867 in Perth,
diphtheria almost disappeared. But as a rule a material
amount of diphtheria remains endemic in all centres of
population. It is perfectly legitimate to suppose that
either (a) this local diphtheria is the source from which
the epidemic diphtheria is derived, or that (b) the epi-
demic diphtheria is imported from the centres in which
it is more extensively endemic. That there are favourite
endemic foct for the disease is evident. Some of the great
cities of America come under this head ; so also do Berlin,
Paris, and other cities on the FEuropean continent. So
far as the last forty years are concerned, we are not,
therefore, in a position to solve the problem as to whether
epidemic diphtheria originates in certain indigenous foci,
analogous to those for yellow fever and for cholera, or
whether it represents the blazing up of the embers of
diphtheria endemically present in nearly all the cities
and towns from which records have been secured.

* Some districts of New Zealand (embracing towns) show a com-
plete inter-epidemic absence of deaths from diphtheria. See charts,

pages 102 and 104,
1353






CHAPTER XV.

INFLUENCE OF IMPROVED AND EXTENDED MEANS OF
COMMUNICATION.

Tar increased facility and rapidity with which in recent
years cholera has become pandemic has been the subject
of frequent comment. The epidemics in Europe of 1832
and 1849 spread but slowly; while those of 1855 and
1866 spread with a rapidity previously unknown.

The “ early ”’ epidemic of diphtheria (1855-60) coincided
with a considerable development of the means of locomo-
tion in the whole of Europe; and it is not unlikely that
this increased the rapidity and the extent of its spread.
The same reason may explain why in so many ecities
diphtheria now remains constantly endemic to a very
considerable extent.

The influence of aftendance of children at school may
receive a brief notice in this connection. Most physicians
have experienced instances in which personal infection
in connection with school attendance has caused out-
breaks of diphtheria. Occasionally these are of consider-
able magnitude. Mr. Shirley Murphy, the Medical
Officer of Health of the Administrative County of London,
has shown that when allowance is made for the period
of incubation of the disease, there is a marked fall in
the number of cases of diphtheria notified for the three
or four weeks embracing the August-September summer
school holiday, the effect being most marked for cases
at ages 3-13, the years of school attendance. It is, how-

ever, one thing to admit that school attendance in common
136
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duration of enforced school attendance, with the follow-
ing results :—

At Copenhagen school attendance is stated to have been
« always”’ compulsory. There has been no increase of
its stringency during the last fifty years.

At Christiania school attendance has been compulsory
since the passing of the Act of 12th July, 1848; probably
in a large measure earlier. Aftendance is compulsory
from the seventh year to confirmation, which is not
allowed before fourteen years old. The age of com-
pulsory attendance has never been altered.

At Stockholm school attendance has been compulsory
for at least fifty years, and there has been no increased
stringency of enforcement of attendance in recent years.

At Berlin school attendance is compulsory from six
to fourteen, and has been so for about 100 years.

At Hamburg it has been compulsory for forty to fifty
years.

Comparing these data with the incidence of diphtheria
in the above cities, we find that at Christiania, Stockholm,
and Copenhagen, there has been a very great increase
of diphtheria since 1880, not associated with any in-
creased enforcement of school attendance.

The Berlin and Hamburg curves show an increasing
amount of fatal diphtheria in the earlier years of the
curves, followed by a large decline during the present
decennium. Thus the steady enforcement of school
attendance has been associated with a declining amount
of diphtheria in Berlin and Hamburg in recent years;
in the Scandinavian cities the same steady enforcement
of school attendance has been accompanied by an increase
of diphtheria; while in London the enforcement (possibly
incomplete in the early years) of school attendance since
1871, for thirteen years was not followed by any material
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The influence of these conditions in different countries
will now be tested. It has been impracticable to insert
more than a few diagrams illustrating these external con-
ditions in relation to diphtheria; but although I have
tested a considerable number of instances not here given,
I have not found one which would necessitate a conclusion,
so far as that particular place is concerned, contrary to
the totally unexpected one stated in the following pages.

In Loxpoy, there is evidence of an epidemic in 1847, a
second epidemic in 1857-59 and 1861-64, a very slight
epidemic in 1874-76, an increasing amount of diphtheria
from 1884, culminating in an epidemic which obtained a
firm hold of the metropolis in 1888-89, and after a slight
remission for two years, became more extensive in
1892-96 (see Fig. 13, page 30).

Compare these facts with the rainfall for a long series
of years at Greenwich. During the 99 years, 1841-95,
the average annual rainfall at Greenwich was 243 inches.
In Fig. 51, the percentage deviation of each year’s rainfall
is graphically displayed. The years of great epidemic
prevalence are shown in black, of minor epidemic pre-
valence in columns enclosing small circles, while non-
epidemic years are shown by the stippled columns, It is
not always easy to distinguish between epidemic and
inter-epidemic years; but the accuracy of the distinction
can be tested in each instance by consulting the diagrams
of yearly incidence of diphtheria.

It is plain that of the eleven years, 1855-64,, in which
diphtheria was more or less epidemic in England and in
London, in only three, viz. 1859-60 and 1862, was the
annual rainfall above the average line for 55 years. In
the five years 1854-58, the rainfall was extremely light,
and it was towards the end of these five years that the
epidemic of diphtheria in London reached its maximumn.
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DETERMINING CONDITIONS. 143

The true significance of the relationship between rainfall
and prevalence of diphtheria may be further elucidated
by plotting out the yearly winter (October fo March) and
summer (April to September) rainfall. This is done 1n
Fig. 52. It will be noticed that most commonly in dry

e RAINFALL AT GREENWICH.

devii- Percentage deviation of each year's rainfall from the mean for 55 years (=243 inches).
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Fig. 51.

Nore.—In this and the subsequent diagrams of rainfall, ete.,
the magnitude of the epidemic in any given year 1s not mea-
sured by the length of the black columns or of the columns en-
closing eircles in them. For the actual amount of diphtheria
the diagram of yearly incidence of diphtheria for each place
must be consulted. An attempt has been made, however, to
distingnish between severe and less severe epidemics by using
black columns for the former, and columns enclosing small
circles for the latter, though the relative magnitude of these
can only be aseertained by reference to the previous diagrams.

yvears the summer and the winter rainfall were both
deficient in amount, though this is not uniformly so.
The Briogarox returns tell the same tale. The average






DETERMINING CONDITIONS. 145

was again deficient rainfall with excessive diphtheria (see
Fig. 14).

At Croypon the average rammfall during 1867-94 was
263 inches. An epidemic maximum occurred in 1877
with a rainfall of 32'2 inches. This followed on four dry
years, 1873-76, in which the rainfall was 257, 241, 269
and 26°8 inches respectively. It would appear, therefore,
that in this, as in some other instances, dry seasons are
provocative of diphtheria, especially when there is a series
of them, and that the epidemic may continue and even
reach its maximum in the wet year which follows the
series of dry years (see Fig. 14).

In 1886 the rainfall in Croydon was 27'3 inches; in
1887 it was 22'7 inches, with an epidemic maximum. In
1890 the rainfall was 22'9 inches, with an epidemic peak.
In 1892-93 there was excessive diphtheria with a rainfall
of only 24:6 and 19'5 inches respectively.

Of the two Yorkshire towns, Sheffield and Bradford,
the former shows some relationship between diphtheria
and deficient rainfall ; in the latter there has been so
little diphtheria that the two cannot be compared.

For SuerrFieLp the mean annual rainfall during the
twenty-two years, 1872-93, was 30'95 inches. During the
first fifteen years of this period the rainfall was only
below the average in two consecutive years, viz., 30 per
cent. below in 1873 and 22 per cent. in 1874, without
an appreciable rise in the death-rate from diphtheria.
The next series of dry years was 1887 (40 per cent.) 1888
(15 per cent), 1889 (15 per cent.), and 1890 (17 per cent.
below the average). In 1885 the rainfall was average in
amount, and in 1884 it was + 16 per cent. Fig. 18 shows
that some epidemic prevalence of diphtheria commenced
in 1885, gradually increasing until 1892, in which year
the rainfall was —4 per cent., while in 1891 it was +6

L
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for which years the records are defective). From 1866
the rainfall was excessive until 1869-71, when it was
average in amount, — 10, and +4 per cent. respectively.
From 1881 onwards it was belotw the mean line in every
year for which records exist, but there are no great
epidemic peaks, though evidence of excessive prevalence
appears in 1882, in 1886-88, and in 1895. Diphtheria
varies comparatively little in amount from year to year in
Glasgow, being constantly endemic on a fairly large scale,
and climatic conditions appear to play a minor part in its
production and continued prevalence.

The comparison of Epmweurea with Glasgow is interest-
ing. The former in the fifteen years, 1866-80, had a
mean annual rainfall of 28:32, the latter in the same
period of 43:08 inches. During these years Edinburgh
had an epidemic peak in 1871, which was the third year
in snccession of sub-normal rainfall. Glasgow had three
years of normal and sub-normal rainfall, 1869-71, and
a small peak was reached in 1872. The epidemics of
diphtheria are of much greater magnitude in Edinburgh
than in Glasgow, but the amount endemically present is
greater in the latter than in the former city.

In Curistiania the relationship between deficient rain-
fall and excessive diphtheria is very evident.

In 1869-70-71 the rainfall was low, and the records
show very little excess of diphtheria. In 1875-76 the
rainfall was again deficient, without excess of diphtheria.
From 1884-1889 inclusive the yearly rainfall was low, and
coincident with this, Christiania had the greatest epi-
demic of diphtheria from which it has ever suffered. On
the other hand, the epidemic maximum in 1862 coincided
with a year of rather heavy rainfall, following on two
previous years of excessive rainfall ; while there is no
statistical record for the years 1851-59, in which the
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diphtheria was already slightly prevalent, 1851-54, and
that in 1857—58 it became widely prevalent, due allowance
being made for the fact that it was only imperfectly
recognised as such. In 1859 the number of cases was
higher than in any of the subsequent years shown in the
table on page 126, with the exception of 1862-64. There
was a slight lull in 1861, a second year of excessive rain-
fall ; but the epidemic increased in the next wet year and
persisted to the end of the next dry period in 1865. The
persistence of the epidemic during the comparatively wet
years, 186064, represents the continuance of the evil
produced in the preceding dry years. The epidemic owed
its genesis to the conditions prevailing in the long series of
dry years, 1852-59, and all the great epidemics, of which
we have exact knowledge, appear to have a similar
genesis.®

In Germany the same relationship between epidemic
diphtheria and deficient rainfall is visible.

For Hamsure I have only returns of rainfall from
18771895, the average annual rainfall for which period
was 7266 millimetres. In 1877-80 the rainfall was much
above the average with a relatively small amount of
diphtheria. For the next three years the rainfall was
small, while in 1884 it was slichtly over the average.
During these years the amount of diphtheria was increas-
ing. In 1885-6-7 the rainfall was exceptionally small,
and diphtheria reached its absolute maximum. In
1888-91, with excessive rainfall, diphtheria fell to its

# Hirsch (Syd. Soc. T'rans., wol. iii. p. 86), says, “ Diphtheria
began to epidemic in Norway about the same time, first in 1345 in
Trondhjem, the year after at Thoten, 1847 at Levanger and Skogn,
after that in the district of Namdal, while the general diffusion

over the country took place in the year 1855 (Cold Ugeskrift for
Laeger, 1867, Nr. 28).



¥ & =l L L - -
1 3 = . r ;
B - r g | .
g 1 - -
afs I I 4 i




DETERMINING CONDITIONS. Lol

years of excessive rainfall, the rainfall was below the
average in 1884-85, at the average in 1886, while
diphtheria increased from its minimum in 1883 to a great
epidemic culminating in 1886-88, and therefore continuing
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into the comparatively wet years 1887-89. In 1893-95
very dry years were associated with a large epidemic of
diphtheria.

The rapid recurrence of the epidemics in New York
lends itself to the supposition that the climatic factor is
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here at least of greater importance than the accumulation
of susceptible children. It is doubtful if a previous
attack confers the slightest permanent immunity from
a second attack of diphtheria, and whether the com-
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parative rareness of second attacks in the same person 1s
not due to the diminished liability to attack associated

with advancing age.

inches).
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The record of rainfall in Caicaco embraces the twenty-
five years, 1871-94, during which it averaged 3434
inches. The epidemic peaks are relatively smaller, while
the amount of diphtheria constantly endemic is greater
than in New York. So far as the influence of rainfall is
evident, there was an epidemic peak in 1876 unassociated
with, and not immediately preceded by, a year of deficient
rainfall, With this exception the usual association be-
tween epidemic peaks and deficient rainfall is seen.

The Australian returns also show the relationship
between deficient rainfall and excessive diphtheria.
Thus, if the diagrams of diphtheria in Melbourne and
Adelaide (Fig. 42) be combined with those for the
colonies of Victoria and South Australia (Figs. 41 and
43), of which they are the capital towns, the result is
as shown on the accompanying diagram of rainfall (Fig.
55). The great epidemics are plainly associated with
years of deficient rainfall. The only apparent instances
of an epidemic beginning in years of rainfall above the
average are in Adelaide in 1863 (judging by the dia-
gram for the whole of South Australia, the diagram for
Adelaide only dating from the year 1875); in 1872, where
the same remark applies; and in 1890. In the first two
of these instances we almost certainly have to deal with
epidemics owing their genesis to previous years of pro-
tracted deficiency of rainfall, and continuing into the
comparatively wet years.

It is not without significance that of the three chief
Australian towns, Sydney, with an average annual rain-
fall (for 1840-95) of 49:72 inches, has, as may be seen by
a glance at Fig. 42, least diphtheria; Melbourne, with an
average rainfall (for 1857-95) of 26:48 inches, consider-
ably more diphtheria; and Adelaide, with an average
rainfall (for 1839-94) of 21'44 inches, has the largest






DETERMINING CONDITIONS. 155

Canterbury shows much more diphtheria than any other
district of New Zealand. In the dry years, 1872-74, a
oreat epidemic oceurred in years two out of three of
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which were dry, the epidemic being mitigated in the
next wet year. A further peak was reached in 1879-80,






CHAPTER XVII.

THE RELATIONSHIP BETWEEN RAINFALL AND DIPHTHERIA

Tae towns and districts in which the coincidence of
excossive annual rainfall and scanty diphtheria, and of
scanty rainfall and excessive diphtheria, occurs might be
multiplied ; but those given in the preceding chapter will
suffice to bring out a completely unexpected conclusion.

T anticipated rvesults which would agree with the
generally accepted belief in the etiological connection
between damp houses and damp soil and the origin of
diphtheria. Although Oertel * says the disease 1s not
affected by either heat or cold, drought or rain,” the
majority of observers have assumed and believed that
wet weather favours the origin and spread of diphtheria.
There has, so far as I know, been no attempt to dis-
tinguish between the effects of wet weather oceurring in
years which have an average rainfall or are excessively
wet throughout, and wet weather occurring during or
following upon periods of protracted deficiency of rainfall,
as I shall endeavour hereafter to do. It was therefore a
great surprise to me to find that the great pandemics of
diphtheria, so far as my information extended, had all
oceurred during periods of exceptional drought.

The following general induction is, I think, warranted
by the instances already adduced :—

l Diphtheria only becomes epidemic in years in which
the rainfall is deficient, and the epidemies are on the

* Vol. i. p. 583 of Von Ziemssen'’s Cyclopedia of Medicine

{English translation, 1875).
167
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largest scale when three or more years of deficient rainfall
vmmediately follow each other. Occasionally dry years
are unassociated with epidemic diphtheria, though
usually in these instances there is evidence of some
rise in the curve of diphtheritic death-rate. Con-
versely, diphtheria is nearly always at a very low ebb
during years of excessive rainfall, and is only epidemic
during such years when the disease in the immediately
preceding dry years has obtained a firm hold of the
community, and continues to spread presumably by
personal infection.

Apart from the exact records of rainfall and of incidence
of diphtheria, upon a comparison of which the preceding
general proposition has been based, certain general con-
siderations strongly confirm the same induction.

The records for India show that diphtheria is a com-
paratively rare disease in tropical climates, the main
characteristics of which are not only excessive heat, but
also excessive humidity of air and excessive rainfall.

Furthermore, the fact that diphtheria may be described
as relatively a continental rather than an insular disease is
in favour of the induction. The curves given in Figs.
1-47 show that diphtheria is immensely more rife in the
great cities of the European and American continents
than in British and Irish towns, and than in the different
districts of New Zealand.

The essential difference between continental and insular
climates consists in the greater variations in temperature
and in rainfall characterising the former; and the rainfall
may be taken as the index of these variations. Dr. F.
Waldo remarks*: “In fact, there is found to be the
general law that the intensity of the oscillations of rain-

* Modern Meteorology (Walter Scott, 1893), p. 400.
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fall increases with the continentality of the region.” The
following table is extracted from Dr. Waldo’s work (p.
409). It expresses the average maximum and minimum
rainfall and the ratio between these two according to the

continental distribution, based on the experience of the
years 1830-80.

Bainfall in Millimetres,

Averaga Average I- Ratio of

| Min. Max, {hIax. to Alin.

| o B MY LR ¢
Eastern part of England . . . . . 599 744 1418
Morth Germany . . . . . . . . 573 705 123
South West Russia . . . . . . . 447 570 1-26
South East Russia . . . . . .. 273 384 1:40
U. 8. America, West Coast . . . . 478 ol17 1-88
x far Western interior . 483 634 1-42
: Eastern interior . . BO 1059 1-20

Thus for every 142 mm. rainfall occurring in the wet
periods there are 100 mm. in the dry periods in Western
America, while in England the difference is only as
118 : 100.

The increased oscillation in amount of rainfall is not the
only difference in respect of rainfall between insular and
continental climates. There is a difference in the actual
amount, whether we take extremes or averages. Thus the
average minimum and maximum rainfall is much higher
in England, with its comparatively trifling amount of
diphtheria, than in most of the continental regions, in
which diphtheria is so fatally endemic and epidemie.

The induction is further favoured by the fact that
where such comparison is practicable, in a given country
the amount of diphtheria is greatest in the parts having
the smallest rainfall.

Compare on this point Bristol with London, or Bradford,
Huddersfield, or Halifax with Sussex or Norfolk. Speak-
ing generally, in this country towns on the west coast
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infection, the different distriets of a country are mnot, as
a rule, simultaneously affected, and the mortality curve
constructed on the basis of the combined experience of
these districts would be smoothed out, and not represent
the actual experience of any particular district.

This objection holds in great towns to a much smaller
extent. Hence the experience of towns has been selected
deliberately, as furnishing more exact data, on a suffici-
ently large scale to avoid accidental causes of variation,
and enabling the fundamental causes of pandemics to be
examined under favourable conditions.

If the coincidence between periods of deficient rainfall
and epidemics of diphtheria be a constant one, there can
be no hesitation in regarding the relationship as causative
in character. To test this conclusion, we must inquire as
to the occurrence of

(1) Periods of exceptional deficiency of rain without
the oceurrence of epidemies of diphtheria ; and of

(2) Wet periods in which such epidemics began.

In 1873-74 there was deficient rainfall in London, with
only a slight excess of diphtheria. But, as already pointed
out, this was a much less protracted deficiency of rain
than that characterising the great epidemics of 1857
onwards and 1887 onwards. The same remark applies
in a less degree to the 1873-76 deficiency of rainfall at
Christiania, and to similar occarrences elsewhere.

Instances may be quoted, as at Bradford and probably
Leicester and other towns, in which there has been a
succession of comparatively dry seasons without epidemics
of diphtheria, notwithstanding that a small amount of
diphtheria is endemic in these towns, ready, presumably,
to produce a destructive epidemic when the conditions
necessary for this arise. I am unable to explain what are
the local influences in these instances which protect them

M
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may with accuracy be ascribed to the man’s drunken-
ness, to the restiveness of the horse, or to the fractured
and dislocated cervical vertebra. Properly it is ascribed
to the conjunction of all these circumstances. A neglect
to consider any one of these factors will give a distorted
and imperfect view of the cause of the accident and its
fatal issue. So it is with infectious diseases, and especi-
ally with diphtheria, in which the influence of personal
predisposition and of environment is so marked. The
bacteriological study of diphtheria, far from being the
negation of traditional etiology, is but the logical outcome
of it ; and secondary causes still maintain their traditional
value as the indispensable concomitants of the Klebs-
Leeffler bacillus, The causa efficiens and the causa movens
consist of the combined favouring influence of personal
constitution and conditions of environment, which Colin
has named “le milien épidémique.”* Mr, Justice Fry
says: “ There is, so far as I know, no physical or logical
distinetion between principal and minor causes or between
cause and conditions in the case of two or more constitu-
ent parts of a cause, each of which is necessary, and none
of which is by itself sufficient.” T

We have seen that nurses and others may receive the
causa causans upon the mucous membrane of their throats,
without suffering from the- attack of diphtheria which
would follow in susceptible subjects. It need not there-
fore be the subject of surprise that occasionally when the
external conditions are those known to be favourable
to the development of diphtheria, an epidemic does not
oceur. The occurrence on the rare occasions noted above

* Article on Epidémie : Dictionnaire Encyclopédique des Sciences
Médicales.
+ Nature, Nov. 1st, 1804,
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epidemics or pandemics.* We may, notwithstanding these,
apply the preceding test to epidemic diphtheria, and
prophesy that almost certainly the present great epidemic
of diphtheria in Liondon will subside, and diphtheria de-
cline towards its “normal”’ endemic amount, when we have
completed the present cycle of dry years, and pass into
a wet period. A remarkable instance of a similar investi-
gation with a similar forecast is given by Dr. Waldo,T
quoting from an elaborate research by Professor Briickner
of Berne. Briickner has made use of observations of rain-
fall at 321 points on the earth’s surface, distributed as
follows: Africa, 6; Australia, 12; Central and South
America, 16; North America, 50; Asia, 39; Burope,
198. TFor most of the stations the data are for the
years 1830-85. For the averages five-yearly periods are
taken. The results are classified in the following table
(see p. 166).

*# The only instance of a very severe epidemic of diphtheria
occurring in comparatively wet years which I have been able to
discover was in 1881-82 in Portsmouth. I have no record of the
rainfall before 1880, but in the epidemic years, 1881-82, the annual
rainfall was 32:0 and 29:0 inches respectively, while in the imme-
diately succeeding years, 1882-85, after the epidemic had disap-
peared, it was 29'8, 276, 216, and 275 inches respectively. The
annual reports of the medical officer of health leave little doubt
that school infection was extensively at work, the defective con-
dition of the main sewerage and house drainage, and the unsatis-
factory character of the soil on which a large number of new
houses had been built, being also adduced as co-operating causative
influences. Dr. Sykes' annual report for 1881 contains the follow-
ing remarks : “ To the congregating of large numbers of children
in schools I attribute the wide spread of this epidemic beyond all
other epidemics of the same disease. . . . A marked diminu-
tion of those attacked was shown at the close of the summer
holidays."”

+ Op. cit., p. 407 et seq.
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Periods of Rainfall,

1 E

| Deficiency,| Excess, Deficiency. Excess, Defici-
| Bney,
Europe . . . . .| 18340 | 184155 |  1856-70 1871-85 =
Asia . . . . . .| 188140 | 1841-55 1856-70 1871-85 —
Australia . . . . —45 | 1846-55 1856-65 1866-75 —

North America . . | 183140 | 1841-55 | 1856-65 (T1-73) | 1866-70 (76-85) | 1876-85
Central and South

America. . . .| 183145 | 1846-60 1861-75 1876-85

Taken all together | 183140 | 1846-55 1861-65 1876-85

Dr. Waldo, after summarising the facts as to rainfall
in the table, adds, ““ It would appear probable that we
are now entering upon another period of very low rainfall
during 1890-95.”* This forecast has proved correct,
the dry period being still (January, 1898) with us in
England. |

It is impossible exactly to compare such average results
with the diphtheria diagrams for particular towns in
different countries, which have not been constructed by
a similar system of averaging. But with this proviso the
preceding table is most suggestive. The period of de-
ficiency of rain, 1856-70, evidently coincided in Europe
Australia and North America with a period of pandemic
diphtheria. No records of diphtheria exist for the cor-
responding period in Central and South America and in
Asia, but we know that diphtheria does not thrive in the
tropical parts of Asia.

The next period of excess of rainfall was one charac-
terised by local epidemics; but a rapid survey of all the
diphtheria diagrams indicates that there was on the
whole a lull in the prevalence of diphtheria during this

period,

* Op. cit., p. 411,
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I have plotted out the dates of omset during the last
two years of all notified cases of diphtheria and other
notifiable diseases in my own distriet, on a chart giving
the daily variations of the chief meteorological data.
The association has been so regular that I am now in the
habit of anticipating that whenever a rapid fall in the
barometer occurs, especially if this is associated with
rainfall, a sudden increase in the notifications of infectious
diseases, especially of diphtheria and scarlet fever, will
occur, due allowance being made for periods of incuba-
tion.® Similar observations, with a similar result, have
been made in respect of rheumatic fever, although, owing
to the fact that this disease is not compulsorily notifiable,
the data are on a scanty basis.

Hence the association between wet weather and limited
outbreaks of diphtheria, so frequently observed, is one
which I can quite confirm. This remark, however,
applies only to the sporadic cases which cannot be traced
to any source of personal infection. The outbreaks due
to personal infection at school or elsewhere or to infected
milk, oceur equally in dry or wet weather.

We may next pass on to the influence of soil. The
present consensus of opinion favours the view that a
damp cold soil is most favourable to the production of
diphtheria. The following extracts will make this clear.

Dr. Copeman T says: “ Many districts, which, although
usually dry, are liable to occasional floods, are remarkably
free from the disease, so that it appears that a persistent
impregnation of the soil with moisture is of more import-

% Dr. M. A. Adams, the Medical Officer of Health of Maidstone,
drew attention to this association in his annual report for 1559,

+ Article on “The Influence of Soil on Health ¥ in Stevenson
and Murphy's Treatise on Hygiene and Public Health, vol. 1. p.
339, 1892,
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ance than fluctuations in the height of the ground water,
particularly if these have any considerable range.”
These remarks appear to imply an antithesis between dry
soils and diphtheria, as well as a causative relationship
between persistently moist soils and diphtheria, on both
of which issues I must give an exactly opposite opinion.

Dr. (now Sir Richard) Thorne Thorne, while agreeing
that “the broad geological features of a district have no
known influence on the development or the diffusion of
diphtheria,” states that he can hardly agree with Hirsch
that “the assumption that conditions of soil have some
influence in the development of diphtheria, or on its
epidemic diffusion, is one that has no warrant.” The
essence of Dr. Thorne Thorne’s teaching is contained in
the following paragraph:  Soil, and especially susrface
s0il, when considered in connection with relative altitude,
slope, aspect, and prevailing rainfall, has, I believe,
concern in the maintenance and diffusion of diphtheria,
and has very possibly some relation with its beginnings.
Speaking generally, I think that the experience of careful
investigations extending over a number of years is to the
effect that where a surface soil 1s, by reason of its physi-
cal constitution and topographical relations, such as to
facilitate the retention of moisture and of organic refuse ;
and where a site of this character is, in addition, exposed
to the influence of cold wet winds, there you have condi-
tions which do tend to the fostering and fatality of
diphtheria, and which also go to determine the specific
quality of local sore throat.” *

Dr. C. Kelly, Medical Officer of Health of the Combined
District of West Sussex, covering an area of about 524
square miles, with a population in 1889 of 105,520, has
shown that when the diphtheria statistics of a series of

* Natural History of Diphtheria, p. 17 el seq.
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years are combined, the death-rate per million among
the population living on pervious soils (as green-sands
and chalk) is 127; among those living on moderately
pervious soils (chalk covered with loam and brick-
earth), 216; among those living on retentive soils
(weald clay and other clayey beds), 454.* The method
employed in this and all similar investigations into the
geographical distribution of epidemic diseases appears to
me to be fundamentally open to objection, thongh it is, T
admit, difficult to suggest a substitute entirely free from
objection. The diagrammatic method employed in the
preceding pages, giving pictorially the death-rate for each
single year of a long series, enables one to see almost at a
glance the relative amount of diphtheria in large com-
munities, concerning which a comparison 18 desired. It
would, however, give violent accidental oscillations if
applied to rural districts with sparse populations, If this
method were applied to the varying districts in West
Sussex, it would, I have no doubt, be found that the
annual death-rate from diphtheria among populations on
either pervious or impervious soils was hi gh in dry years,
especially if more than two consecutive dry years occur,
and low in wet years. It is difficult to say how much of
the excess of diphtheria in populations on pervious soils
would remain after correction for age distribution. I do
not suggest that this factor explains more than a portion
of the difference. It appears to me that the materials are
not yet available for an exact comparison of the quantity
of diphtheria in different districts, except on a scale
sufficiently great to eliminate accidental variations due to
relative facility for the introduction of infection, and so
on; as when one compares an English with a German or
an American city. It is only possible at present accu-

* See Elements of Vital Statistics, p. 121.
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England, The maps and the statistics on which they are
based present many puzzles as to the distribution of diph-
theria. Some may represent real facts; many, I believe,
are artificial in character, and can only be unravelled by
a careful study of annual in addition to decennial or
quinquennial death-rates.

If it be agreed that the chief epidemics and all the
pandemics of diphtheria of which statistical records are
extant oceur in exceptionally dry periods of years,
there can be little hesitation in believing that the de-
ficiency of rain in some way favours the origin of these
epidemics. What is the nature of this unexpected
association between epidemic diphtheria and years of
deficient rainfall? The analogy of other infective diseases
may throw light on this problem. It has been shown
independently by Drs. Gresswell and Longstaff' that the
yearly mortality from scarlet fever is inversely to the
amount of rainfall. Dr. Gresswell has further suggested *
that “not only the rainfall of the year, but also that for
prior years, has influence on scarlatina.’” Dr. Longstaff
showed + that the chief increases in the death-rates from
scarlet fever, erysipelas, puerperal fever, and rheumatism
in England and Wales occurred in years of deficient rain-
fall. In the Milroy Lectures for 1895,1 I showed by
elaborate mortality and sickness statistics derived from
the general mortality experience of different Huropean
countries, from the general notification experience of
Seandinavian countries, and from the experience of large
general hospitals in England and other countries, that
rhenmatic fever is an epidemic disease, of which wide-

* A Contribution to the Natural History of Scarlatina (Claren-
don Press, 1890), p. 192.

+ Studies in Statistics (Stanford, 1891).

1 Lancet, May 9th and 16th, 1895.
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spread epidemics occur at intervals of a few years, thongh
in the intervals it is never entirely absent from most com-
munities. I also drew attention to pandemics of rheu-
matic fever, particularly those of 1868, of 1874-75, and of
1884. T also showed that in England the epidemic preva-
lence of rheumatic fever has always occurred in years of
exceptional scarcity of rainfall. In the same lectures I
stated : ““In the instances where records were available it
has been found that when deficient rainfall was, owing to
its seasonal distribution, not accompanied or followed by
exceptional lowness of ground water, there was no epi-
demic prevalence of rheumatic fever. It is probable that
mere lowness of ground water is not the only factor con-
cerned in favouring rheumatic fever, but this along with
some hitherto unknown factor of temperature of soil or
rate of low of ground water. Whether this is correct or
not, it 1s certain that dryness of soil is favourable to the
occurrence of rheumatic fever to an epidemic extent.” I
must draw attention to the following further remark :
“The effect of deficient rainfall is not produced imme-
diately. It takes time to develop; and it is warrantable
to assume that the influence of deficient rainfall is exerted as
the result of its effect on the subsoil, this effect usually show-
ing tself by a marked lowering of the ground water.” It
will save repetition if I quote the following further remarks
from the same lectures: ‘Low ground water must be
regarded as leading to excessive rheumatic fever not
by any essential causative relationship between the two.
The low ground water is an indication of certain con-
ditions of dryness and temperature of the subsoil which
greatly favour the growth of the telluric contagium of
rheumatic fever. This being so, it is conceivable that low
ground water, when through collateral circumstances it is
unassociated with the required conditions of temperature,
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ete., may not be accompanied by an increase of rheumatic
fever, though conversely we never find a high ground
water accompanying excessive prevalence of rhenmatic
fever.”

The preceding facts as to diseases which are close con-
geners to diphtheria, throw considerable light upon the
latter disease in its relation to weather and soil. The
hypothesis which appears most fully to meet the require-
ments of the case is that a portion of the life-history of
the specific micro-organisms of the above specific febrile
diseases is spent in the soil, in a saprophytic stage of
existence. It is not surprising, if this be so, that ex-
ceptional warmth and freedom from excessive moisture of
the soil should lead to an increased multiplication of these
micro-organisms, and that they should subsequently
become displaced from the soil by rainfall, or become
aspirated from the soil, when apart from rainfall the
barometer falls, or the interior of a house is at a much
higher temperature than the subsoil underlying it. The
idea that micro-organisms may be displaced from con-
taminated soil by means of rain may occasion momentary
surprise, as the first thought would be that they
would be washed into the deeper subsoil. But this
notion ignorves the fact that in towns, and even in
villages, the area on which direct percolation of rainfall
from the ground level can occur is, in these days of
impervions pavements and roads, becoming rapidly
diminished ; while at the same time the entire ground
under dwelling-houses is only in a small minority of
instances covered with impermeable material, or with this
material in sufficient thickness to exclude the ground-air.
Consequently when rain falls there is great lateral as well
as upward displacement of ground-air, and the rainfall,
in conjunction with the simultaneous aspirating effect of a
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lowered barometric pressure, ensures the entry of ground-
air into the house,

The only observations in this country as to the con-
nection between ground-water and diphtheria are, so far
as I know, those of Mr. M. A. Adams, Medical Officer of
Health of Maidstone. His researches, and the conclusions
based upon them, are given in a paper which should be
consulted in full, as Mr. Adams’ able argument can only
be fully understood by a study of the ingenious and
elaborate diagram accompanying his paper.* His in-
vestigation deals with the nine years 1885-93. I am able
to comment on it, and on the additional figures derived
from his annual report for 1896, The main conclusion is
stated as follows: “Broadly speaking, right through the
nine years, from beginning to end, a strict concordance
may be traced between soil dampness and diphtheria on
the one hand, and absence of diphtheria and soil dry-
ness on the other hand.” This is evidently in accordance
with the generally accepted wiews as to diphtheria.
Stress is laid also on the seasonal incidence of the damp-
ness and dryness of the soil. “ As long as the soil is well
washed by the winter’s high tide, and afterwards dried
and aerated during the summer’s low tide, all goes well,
diphtheria i1s kept in abeyance; but so soon as these
salutary movements are arrested, or their order disturbed,
diphtheria gets the mastery, reaching its acme of violence
when stagnation is most complete; and I wish to lay
particular stress upon the fact that the virulence of the
disorder increases with the stagnation of the soil

air.””

The following table gives some of the data for the years
in question :—

* Public Health, vol. vii. p. 2 el seq.
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Total deaths from nrl?i' ﬂfgl | No.of Subsoil Water Levels.
Year. cases of inches of
' Diphtheria | Rainfall.
Dlphtharln..‘ Croup. and Croup. | Highest. ‘ Lowest.*
|
1879 | — 3 = 272 e —
1880 2 ' 10 — 29-0 — ' —
1881 4 3 — 24-0 — —
1882 7 14 — 27:9 - —
e8| 5 | 5 = 245 S e
1884 1! | 3 — 196 — i —
1855 6 - 9 — 246 1879 | 2124
1886 5 9 — . 280 1886 2117
1887 1 2 —_— | 217 186:7 2086
1888 | 12 b — g4 | 18298 2083
1859 29 4 — | 228 1987 204-0
1590 14 _ - I 244 1522 2065
1891 14 - 33 | 249 1883 201-6
1892 21 — | 106 27-3 1822 204-0
1893 24 — 168 23:3 1812 208'8
1894 6] ; 3 72 308 176:9 199-0
1895 9 | — 72 ? 1860 | 2012
1896 16 1 —_ % | 26-4 17894 I 2039
|

# In inches beneath the surface of Dr, Adams’ laboratory.

The estimated population of Maidstone increased from
31,211 in 1885 to 33,555 in 1896.

Tt is evident that the epidemic of diphtheria reached
its maximum in 1889 ; but after two years of slight dimi-
nution, a second lower maximum was reached in 1892-93,
and a third still lower in 1896. The mean rainfall for
the years 1879-96 (omitting 1895) was 248 inches. From
1883 the rainfall was at or below this level until 1892.
There was no evidence of any considerable excess of
diphtheria until 1888. The maximum of diphtheria as
estimated by the number of deaths, occurred m the next
year ; but the epidemic continued for several years longer,
with a marked recrudescence in the next dry year, 1893.
Thus the epidemic conforms to the type already frequently
described. It began, and probably owed its genesis, to
the succession of dry years; and it continued to a certain
extent during several succeeding wetter years. Turn-

N
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ing to the subsoil water levels, we see that the lowest
minimum level was in 1885, while the lowest maximum
level was in 1889 ; after this the level of ground water
gradually rose. Consequently the epidemic had its genesis
in years of deficient rainfall and of low ground water, i.c.
of comparatively dry subsoil. The meaning of the ground-
water levels, can, however, only be fully understood by
a careful examination of the diagram in Public Health,
vol. vil. page 3. Dr. Adams very properly lays stress
on the maleficent influence (re diphtheria) exercised by
an absence or a deficiency of what we may describe
as the ‘spring-cleaning” of the subsoil, which is due
to deficient rainfall in the preceding winter months. This
failure in the * spring-cleaning” of the subsoil implies
a drier soil in the earlier months of the year than occurs
in more normal years; and thus presumably morbific
germs in the soil, which would ordinarily be killed off,
are enabled to survive.

Owing to imperfect data, it will be impracticable to
consider in detail the circumstances as to ground-water
in other places than Maidstone.

A curve of monthly level of ground-water in Hamburg
from 1883 to 1895 is given in an article by Dr. J. J. Reincke
in the Deutsche Vierteljahrschrift fiir iffentliche Gesundheits-
pflege (Band xxviii. Heft 3, 1896). Comparing this with
Fig. 29, it is evident that the average level of the ground-
water gradunally sank from 1883 to the end of 1887, and
that in 1886, and still more in 1887, the usual spring-
cleaning”” of the soil failed almost entirely. These were
the two years in which diphtheria was more fatally
epidemic than at any other time.

At Berlin a curve of the monthly ground-water levels
from 1873 onwards (not reproduced) shows a minimum
lovel in 1873-75. Fig. 30 shows an epidemic peak in
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1874-75. In 1877 the ground-water fell from the level
of the foregoing year, and diphtheria rose in amount.
In 1881-82 the ground-water was lower than in any of the
preceding years, the spring rise entirely failing to appear
in 1882. The years 1882-3—4 had a higher death-rate
from diphtheria than any other year. In 1889-92 the
ground-water was again very low, with only small peaks
of epidemic diphtheria in 1890 and 1893,

In England very few ground-water observations are
made, and but few instances can therefore be cited.

At Oroydon the level of the water in a well in the chalk
at Wickham Court has been kept for a long series of
years. The very remarkable dip in the level of the
ground-water in the three years, 1874-5-6, was associated
with an epidemic of diphtheria, which began in 1876, and
lasted through the next two years, the ground-water
during this time rapidly rising. After 1884 the level
of the water in this well steadily fell, and the conditions
are probably not due to natural conditions, but to over-
pumping from the chalk.

At Brighton a chart of monthly levels of the water
in the chalk subsoil shows the same relationship between
excessive diphtheria and low ground-water, in 1873-76,
in 1887-88 and 1890, and in 1893,

In most districts of London there is but little gravel
overlying its clay subsoil. Consequently there are no
continuous ground-water observations. There are, how-
ever, observations of the monthly flow of the Rivers
Thames and Lea, which derive their water in part directly
from surface-water and in part from springs. These
observations show the same relationship between dry
seasons and excessive diphtheria, as before. In 1858 and
1859 we have already noted that the Thames was so low
that the mud gave out a stench. From this came, not
the prophesied ‘ fever,” but diphtheria.



180 DIPHTHERIA,

Per-
centage
devia-
tion
from
mean 2 T
annual 2} E E ﬁ | %E
dis- s i "'1 s et -
charge. ! i o ,
4110 i ' ! i J |
I :I L 1 J
| ' | ! *
4100 | : ;
\ : Pl [ :
; ] I 1 |
=5 m 1 ' 1 i
I 1 H e T =—=]
; | ’ ‘ !
= + 80 < ks, -! i Bt i i
i - : : |
i ! : 1
+70 i [ ' = |
I | ]
| 2 l ;
[ F | i i
-4 G i ; | i i
i 8 1 S e |
i B [ I .
+50 ' E / L |
| ————— |
& | i !
] : : |
+ 4 \ \ |
¥ I' |
] = 1
- i

Fig. 67.

Mean annnal discharge over Feilde's Weir on the River Lea. Percentage devintion
{rom the mean annual discharge for the entire period, omitting the years 1870-T1-T2
and 1878=70, for which there are no recorids,

NoTE.—All the years in which the discharge was below the mean are indicated by
black columns. Most of these were epidemic years, but Fig. 158 should be consulted
for exact details.
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In the following diagram the discharge over Feilde’s
Weir in the River Lea, at a point in Herts a little above
where a large portion of the Metropolitan water supply
is derived from it, 1s shown.

The close connection between years of deficient dis-
charge of water at Feilde’s Weir and the occurrence
of epidemic diphtheria is very evident. The longess
period of deficient water in the river Lea is 1854—-5-6-7—
8-9. This corresponds to a great epidemic of diphtheria
in London. In 1860 the amount discharged over the
weir on the Lea was much above the average. In that
year diphtheria declined in London (see Diagram, p.
12). Then during the four years, 1861-2-3—4, the dis-
charge of water was again deficient, and diphtheria once
more was rampant, In 1868-69 there was some deficiency
of discharge of water, but no repetition of the epidemic.
In 1874 a slight epidemic coincided with deficient flow
of water; and the deficient flow in most years since 1884
has coincided with an enormous epidemic of diphtheria.
This can be followed out in greater detail in Fig. 98,
dealing with the monthly flow over Feilde’s Weir from
1880 onwards.

Tt will be observed that from 1887 the average dis-
charge of water did not exceed 200 million gallons in any
month, except in December, 1891, and in February and
December, 1892 ; while before 1887, with the exception
of the two dry years, 1884-85, it was regularly larger
in amount. We have here an indication of a similar
failure of the subsoil to receive its spring-cleansing, which
was noted in Maidstone.

Similar data derived from two different sets of
observations (the corresponding diagrams being on dif-
ferent scales) are available for the river Thames. The
first (Fig. 59) deals with the monthly flow of the Thames
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at Thames Ditton, 1853-73. The exceptional lowness
of the river from 1853 to 1859 inclusive is plainly seen,
being greatest in 1854-55 and in 1858-59. The lull in the
great epidemic of these years corresponded in 1860-61
to a very great increase of flow of water, the epidemic
resuming its course as the flow of water diminished
in the succeeding years. The small flow of water 1870-71
was not sufficiently protracted to produce epidemic diph-
theria.

The second set of observations is derived from Ted-
dington Weir on the Thames, and is complete from
1883-97. An increasing amount of diphtheria coincided
with diminished flow over this weir in 188486, while the
diminished flow from the middle of 1887 to near the end
of 1891 was associated with epidemic diphtheria, as was
still more the scanty flow of water from 1893 onwards.

The occurrence of floods renders river-gaugings a
somewhat inaccurate test of the true level of ground-
water, and it is probable that floods account for some
of the sudden rises in Fig. 60, as, for instance, in February,
1893, a year in which diphtheria reached its absolute
maximum,

With the imperfect data available it is impracticable
to pursue the relation of ground-water levels to diph-
theria further. There is great need for the general
establishment of stations for observation of ground-wafer
levels and ground temperatures in this country. With
each additional year the value of such observations
rapidly increases; and a systematic series of such ob-
servations will in a few years serve to fill in the gaps
of the evidence here set forth.

We may summarize our observations on the relation
between rainfall and ground-water and the rise of epidemic
diphtheria in the following propositions :—
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towns and countries in which I have been able to collect
facts, when there has been a series of years in which each
year’s rainfall is above the average amount.

2. An epidemic of diphtheria never originates or con-
tinues in a wet year (i.e. a year in which the total annual
rainfall is materially above the average amount), unless
this wet year follows on two or more dry years immedi-
ately preceding it.

3. The epidemics of diphtheria, for which accurate
data are available, have all originated in dry years (i.e.
years in which the total annual rainfall is materially
below the average amount).

4. The greatest and most extensive epidemics of diph-
theria have occurred when there have been four or five
consecutive dry years, the epidemic sometimes starting
near the beginning of this series, at other times not until
near its end.

9. Dry years imply low ground-water, and we find
therefore in the years of epidemic diphtheria that the
ground-water is exceptionally low. The exact variations
in the ground-water which most favour epidemic diph-
theria cannot with the data to hand as yet be stated ; but
it is probable that when this is cleared up, it will become
clear why in exceptional years which have a deficient
rainfall epidemic diphtheria is either absent or but slight.

The preceding propositions enable us to formulate a
working hypothesis of the causation of diphtheria. The
specific micro-organism of this disease has a double cycle
of existence, as have the specific micro-organisms of
enteric fever, erysipelas, scarlet fever, rheumatic fever,
etc. One phase is passed in the soil, another in the
human organism. One is saprophytic, the other parasitic.*®

* Tt is not contended that there is a regular alternation of
saprophytic and parasitic generations; but that such alternations
do oceur.
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It is not strange, therefore, that the epidemic prevalence
of all the above diseases is favoured by deficient rainfall,
if this is sufficiently long continued. This deficient rain-
fall implies a low subsoil water, and a subsoil above the
level of this water, which is relatively dry and warm,
probably the optimum conditions for the saprophytic life
of the above pathogenic micro-organisms. The causes of
the transition of the diphtheria-bacillus from the sapro-
phytic to the parasitic phase of life may be surmised both
as regards (a) season and (b) years of special epidemic
prevalence. Diphtheria 1s most prevalent in autumn and
in the early winter months, when the optimum tempera-
ture and the optimum degree of humidity of the soil are
rapidly disappearing or have departed. It is also most
prevalent after the wet weather occurring in or immedi-
ately following exceptionally dry years. Both these con-
ditions tend to raise the ground-water and to drive out
any pathogenic micro-organisms from the soil.

The preceding working hypothesis may appear to give
undue importance to elimatic conditions as contrasted with
personal infection. It must be remembered, however, that
one of the main objects of this book has been to show,
from exact official statistics, the gradual spread of diph-
theria from town to town, and from country to country.
This has been indicated in repeated instances. There is
no reasonable doubt that personal infection is the chief
means by which diphtheria is thus spread.

Personal infection does not, however, explain why 1n
some years diphtheria, although present in a district in an
endemic form, does not spread; while in another year, in
which only the same opportunities of personal infection
ocenr, it becomes extensively epidemic. Still less does it
explain the occurrence of widely scattered epidemics and
even pandemics in certain years. To explain these the






CHAPTER XIX.
CONCLUDING REMARKS.

Ir appears desirable, in conclusion, to state in a few
words what degree of confidence is claimed for the facts
and arguments set forth in the preceding pages. A care-
ful distinction must be drawn between facts and argu-
ments, as they evidently stand on a different footing.
The degree of accuracy claimed for the statistical facts
pictorially represented in the sixty figures scattered
throughout the text has been already stated.  After
spending many laborious hours for several years past in
the critical study of these figures, I am confident that
they tell the essential truth. The changes produced by
alterations of momenclature and other causes are of minor
importance ; and the peaks and valleys of the preceding
diagrams represent real epidemics and real inter-epidemic
periods. Absolute accuracy 13 impossible ; and it may be
that here and there errors have crept in. Such errors
will not, I believe, in any single instance alter the state-
ments made in the previous chapters as to the years of
epidemics and of intervals between them. Although
absolute accuracy has been aimed at, approximate
accuracy amply suffices to bring out the essential
character and meaning of the great facts set forth in the
preceding sixty diagrams, and such approximate accuracy
has, at the least, been attained.

The arguments based upon the statistical premises of
the preceding chapters and the general law,—an at-
tempt to establish which has been made,—invite criticism,
and they are submitted with that object. An attempt

184
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has been made to examine epidemic diphtheria from
a view-point unprejudiced and unbiassed by the accepted
teaching upon the subject. Not many years ago the
mention of the word ¢ diphtheria,” or even of the less
exact word, “sore throat,” created a presumption in the
minds of the majority of medical men that drain-poison-
ing was operating. (Possibly it was, in a minor sense,
by increasing the vulnerability of the patient.) Now
there has grown up an equally erroneous general im-
pression that the occurrence of diphtheria—apart from
personal infection, which all agree is a most potent
factor—is intimately associated in its origin with damp-
ness of soil, and that ceferis paribus diphtheria may be
expected to be more rampant, for instance, on clayey or
water-logged soils than on soils that are pervious and dry.
I have given my reasons for disagreeing fofo ealo with
this conclusion. These reasons must in their turn receive
criticism, and as the result of further accumulation of
confirmatory or contradictory instances, it will be proved
or disproved that an essential factor in the production of
epidemic and still more of pandemic diphtheria is the
occurrence of a succession of years of deficient rainfall,
associated as they must be with abnormally dry conditions
of the soil and subsoil.

Every general truth in science is hedged round with
exceptions and modifications. Instances have been quoted
in the preceding chapters which seem to prove the reverse
of what the general law states, or to make the statement
of it appear inaccurate. Such exceptions do not show
that the general law is untrue, or that for practical pur-
poses we cannot forecast the future of diphtheria on a
national and international scale from this general law. It
is a safe rule that winter is colder than summer. If the
mean temperature during the next summer should be
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lower than that of the present exceptionally mild winter,
the rule will remain true in the majority of cases.
So with diphtheria. In the majority of instances epi-
demics occur under the climatic conditions previously
detailed; and the occurrence of a marginal fringe of
doubtful or  even occasionally of minor contradictory
instances does not diminish the value of this general law
as applicable to the majority of epidemies.

The main conclusion stated in the preceding pages
may on the first blush produce a depressing sense of
comparative helplessness, such as one feels in connection
with the return of epidemic influenza since 1889. If the
oceurrence of pandemics of diphtheria is governed largely,
if not chiefly, by meteorological conditions over which we
have no control, what scope is there for the intervention
of preventive medicine ? Before answering this question,
let it first be clearly stated that we must have the truth
at any cost. If the statement of the truth by implication
means that our preventive measures are but Canute-like
attempts to stop the inflowing tide, still it is well that
the truth should be known. But this is not a correct
view of the case. Diphtheria is spread chiefly by personal
infection. This personal infection is immensely more
potent in epidemic that in inter-epidemic years—a fact
which should lead to redoubled efforts to prevent personal
infection during such epidemic periods, rather than to
a fatalistic inertia. Similarly redoubled efforts are re-
quired to prevent ground-air from gaining admission into
honses, and to render more wholesome the soil in districts
in which diphtheria has become endemic. How this can
be done in towns, how the soil can, without more open
spaces than are obtainable in most of our greab cities, be
made to resume its virgin salubrity and purity cannot be
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Munich . : R
Naples 112
Nelson . 104
Newcastle- upong, ne . 42
New Jersey : : L
New Orleans § : o BN
New South Wales A 99
New York . 12, 27, 114, 121 150
New Eea!aﬂd ; I{JD 154
Northumberland R
Norway 85, 105, 115, 116, 122
Ohio . : . o e o
Oldham : ! ; S BE
Ontario : . 5 e,
Osaka . L : A Seoh
Otago . 103
Padua . : g y 14
Paisley 45
Paris 62, 112 113 'Lli 116 117
Pekin . ] o 118
Pembrokeshire . A = LG
Perth . : . 44
Philadelphia . 16 1‘21 122
Pittsburg . : 16
Portsmouth 2 . E
FPortugal ; 65, 113
Prague . - 2 A peil
Providence . : 2 o
Queensland 3 ; .99
Reykjavik . : - sl
Rhode Island . F WY
Rochester - 116
Rome . ; 68, 110
Rotter ﬂ.ﬂ.m 3 i 658
Rouwmania . i 83 119 120
Russia : . 3 32
Salford 2 1 : gy
San Francisco . 121
Scandinavia . - &b
Seotland 44 114
Sheffield 41 145
Sicily . 112
Skien . 116
Smiyrna 118


















