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CHAPTER VII.

THE WEATHER AND EPIDEMIC DISEASE WITH PARTICULAR
REFERENCGE TO INFLUENZA.

A beligd that the states of the weathe influence the pre
valene of diseag is amongs$ the olded of popula doctrines
and in a generd& way, there can be no doult of its truth. Not
only is it certah that " comma colds" are not equally frequen
in all seasom of the year but the sane remark, applies to
outbreals of othe endemc diseases

A specifc relation betwea epidemc outburss of diseas
and atmospher change has also been assertd to exist and
down to a recert epoch this doctrinre greatly influencel
epidemiologich though in generat and the aetiologica theowy
of influenza in particular Modem physiciars have perhaps
usually derived their inspiration from the teachirg of Sydenha
or from the writings of thos epidemiologist who were
influenced by Sydenhans example but the observatios upon
which the theory was bas@ belormg to Gre&k medicing and it
will be convenien here to summarig the older teaching becaus
so much of it has becone part and parcé of our half conscios
or even wholly unconscios stok of beliefs and is still
influential.

The historicd soure of our traditions is the collection of
writings bearirg the name of Hippocrates which are rathe
disjecta membragigantis than a co-ordinatel system however
from thos tractates having the bed claim to be regarde as
authentic the following conceptios emerge

The aetiolog/ of diseag involves three prime factors: (1)
the characte of the individual, his crasis or temperament;
(2) his habits of life in the wided senseincluding his diet,
occupation &c. ; (3) the characte and variatiors of the atmo
sphere its kalastastisor status, to which he is exposed

In the Hippocratt writings, the words " epidemi¢ and
" endemc " are not usa quite in the seng of moden writers,
and Hippocrate brings undea the connotatim of an epidemc
prevalene of sicknes which we, using the term less widely,
should not so designate He studied diseag from two sides
On the one hamd he linked up the generd type of sicknes
prevailing endemicaly from yea to yea and generatim
to generatim in any one place with the endurig and
permaneh characteristis of its inhabitans and its climatic
peculiarities On the othea hamrd he al®o studial the diseass
of the sane locality in differert seasonm of the same yea and
in the sane season of differert years and associatd variatiors
of the quantity or quality of prevalen (epidemid sicknes with

* Cf. Dr. Ballards discussio of the subje¢ in his repot on the
epidemc of pneumona a Middlesbroudp in 1888 (Repors of Med. Off.
Loca Govt Bd., 1888 App. A, No. 18, C. 5813)
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variatiors of atmosphen status It is this secomn investigation
with which we are principally concerned It was the modé of
Sydenhans books on the epidem¢ constitutiors of Londa in
the 17th century

Hippocrate provided a series of observatios coverirg some
years ard the® are nat weldad togethe by ary detaila theory,
This may partly be due to the fragmentay characte of the
surviving books but a more probabé explanatio is tha the
author evidenty a man of rare sagacity had avivid seng of
the complexiy of his task ard felt that—a one of his mog
famous aphorisns puts it—judgmert was difficult ard experiene
deceptive

In the hand of Galen the observatios ard provisiona
theories of the older, ard wiser, physician were mouldel into
a systen which has both for goal ard evil, largely determind
the subsequeandevelopmenof medica ideas

From the commentarise of Galen upan the Epidemic of
Hippocrates from his treati® upan Temperamentsand especi
ally, from his study of Fevers we can form a toleraby clea idea
of the Galenic& doctrine of howv Galen elaboratd a consisten
theow of the three factors of disease

He assignd the personhor innake characte (temperament
to ore of nine types eat dependenupo a differert blendirg
of four elementay charactersthe Hot, the Cold, the Moist, ard
the Dry. The ided or eucrast temperamenis tha in which
thes elementay qualities are perfecty harmonised A discod
may arie in eight ways ; four of the® are due to simple exces
of ore quality, four othess to linked exces of Hot with Moist or
Dry or of Cold with Moist or Dry. This is an exhaustie classift
cation becaus Hot ard Cold, Moist ard Dry are taken to be
incompatibles co-existeh exces of both membes of eadh pair
is deemd impossible so tha no linked excesse of three
gualities are permissible

The objed of this classification—whib is nat intrinsically
so ridiculous as the naif physica associatios of the words
themselve male it seen to us—is to explan the varying
response of the individud to change of environmen amrd
to wha we shoutl nowv tem exposue to infection A diet
or an occupatio appropria¢ to ore temperamenis harmfu
to another the form of the injury inflicted upon ore tem
perameh by ary pathogerd agern will depewnl upon the
temperamentand as the quantitatie range of ead clas is
continuos ard there are eight non-physiologich groups the
scope of clinica varieties is immense

The seconl grouwp of causesviz., the habits of the individual,
is relata to the first by a pathologich systen which we neel
not expound sine it has long sine log sud importane as it
possessedand we pas to the third factor.

Galen posital an extra-corporelacaug of pestilene which
he locatel in the atmosphere He though tha this might

0 106994 &c
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possiby be a mere physicd property such as excessie heat
but indicataed that somethig more tangible veritabk " seed of
pestilencé could neve be excludel and might usualy be
predicated Whateve the preci® origin of thee " seeds) their
existene dependd upon a warm and moig stae of the
atmosphere Thus the necessar conditiors of a pestilene {any
diseag which, in our usage is epidemt and produce a grea
mortality is a pestilene in Galens usa@g of the term) are seed
of pestilene existing in a moig and humid atmosphere But
thee conditions althoudh necessary are not sufficient they
may exig and yet no epidemt may follow, becaus the " chidf

factor in the production of a diseag is the preparation of the
" body to endue it."*

Henae the paramoun importan@ of the temperamentiaand
dietetic or occupationglfactors abow discussed the externa
invader, the seal of pestilence excites a change a " putrefac
tion " in one or more humouss of the body.

The extert of the mischid dore will depem upon the stae
of these humous (which will be affectel by habits &c.) and
their origina disposition (which will depem upon temperament)
" Let us suppog that the atmosphee is bearirg certan seed
"of pestilene and tha sonme of the bodies exposé to this
" atmospheg are full of wast producs apt to putrify and othe

" bodies are pure .. . . tha sone hawlived insloth sexud
" excess and gluttony, othess hawe taken exerci® and eate
" in moderation . . . Judge then which clas is the more

likely to be affectad by the inspiration of the putrid air,

So often as the statws of the air deviates from its prope nom

into the hot and humid, pestilentid disease mug need
arise but the victims will be mainly such as were beforehad
" full of impurities while thos who labou moderatey and are

tempera¢ in diet remah refractory."f

Such was the teachimg of the Gree&k physicians Patt of it
was of grea value viz.,, the emphass put upon individua
predispositim and habit in modifying the corpore& respons
to infection; we hawe sea that an adequag theory of influenza
mug take full note of this. On the othea hand althoudch an
enthusiastt Galenis might make out a ca® for regardirg the
Pergamie as a pionea of the bacteriologich schod with his
seed of pestilence there can be little doulk that he had
nothing of the sot in mind and even less that the notion of

* De Differentiis Febrium, Bk. I., Cap "VI. (The text with Latin
translation is printed in Vol. VII. of Kuehns edition of Galens works
pp. 289 etseq.)

t Ibid. The first seven chaptes of this work and the commentaris on
Hippocrates epidemis contan the more importart epidemiologich observa
tions of Galen The latter are printed in Vol. XVII. (8 of Kuehn see
especiaf p. 2 et seq., p. 30, pp. 43-4, pp. 96-7, ard p. 667, Vol. XV.,
p. 121, et seq.,are alo of sone interest



153

putrefactiom due to an atmospher somethiny fosteral vague
speculatim and hypothese which discouragd usefu experi
mentd and observationaresearch So far as the specifc objed
of this chapte is concernedthat of meteorologich influences
Galen adddl little of importane to the teachimg of Hippocrates ;
he merely formulated in preci®e langua@ the opinion that a
moist and humid atmosphee forebode pestilence But even
if this opinion were solidly bas@& upon observation it is hot
very illuminating, becaus the facts were derived from a study
of diseass observe in south-easter Europe and Asia Minor
(Galen provides no exad epidemiologich observatios of Rome)
Littre* pointed out that the clinical charactes of the case
detailed by Hippocrates were unlike those of currert disease
at Paris but very like the accouns of practitiones in tropicd
and semi-tropicd lands Consequently even were the doctrine
of amoig and warm pestilentid statis or constitution appre
priate to the genera aetiolog of "fevers' in tropicd or sub
tropicd lands it does not follow that a warm moig constitution
is noxiows in other climes

The errar of applying literally the resuls of the anciens
to wholly different conditiors is one reasm why little profit has
been drawn from a study of their writings. It is the spirit,
not the letter, which refreshes

The remarls just made of coure appl to the post-classicla
writers who® observatios were not mace in thee latitudes ;
the detaik of their results or alleged results do not concen
us; the only questiom is whethe they improved upon the
generéd theory They did not do sa  Avicenmatin his accoun
of the subjed incorporate the whole substane of the passag
from Galen to which we hawe referred the only additiors are
an amplification of the theow of a putrefaction due to the moist
warm air, and some remarlks upon foreboding of pestilene to
be derived from the appearane on the surfa@ of animabk which
usually lurk in holes (here we hawe the famows referene to
the deatts of rats in plagwe times)

Finally, we reach Sydenham who abandond the super
ficially attractive systen of Galen and revertel to the iess
formally systematt but more philosophich methal of Hippo-
crates Sydenhan assertd roundly that it was impossibe to
" descrile specifc forms of epidemis as arising out of specifc
" change in the atmospherg eay as such a proceedig may
" appea to thoe who can theorie abou fevers and christen
the diseag accordingly speculatig laxly upon thos altera
" tionswhich can take place in our blood and humouss throuch
" the degeneratin of this or that principle."t

Yet Sydenha did not abandm the belig tha the atmo
sphee was ultimately responsibé for epidemc disease he

* CEuvresd'Hippocrate,Vol. 2 (introd.).
t Liber Canonis,Bk. IV., tract 4.
f Obs; Med., 1. 2, 22
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rejectal perceptibé atmosphen influences but acceptd occuk
atmospher influences (nisi in quantumsecr etae aeris influ-
entiae illa deberetur). His quarre] in fact, is rathe with the
Galeniss than with Galen becausge as remarkel above it is
hardly fair to attribute to Galen the quite crude conceptios of
hot and cold mois and dry which the actud words suggest
put otherwise we may doult whethe Galen himsef really
supposd that a moi¢ and warm katastasis status or con
stitution meant no more than tha the weathe was wam and
rainy.

We hawe though ourselve authorisel to devoe sone pages
to the exploration of this ancien history, becaus the theories
in question whateve may be sad again$ them haw had
much influence and their exposition displays sone of the
difficulties of the inquiry and why little progres has been made

There hawe been severé reasoss for a failure to advance
One was literal acceptane of the dogma of a pestilentid con
stitution tending to warm and moist Sincee this did not seen
to correspod to experience but yet must be true, being
classical it followed that the whole doctrine was esoter¢ and of
no practicd value This, no doubt accouns for an absene of
recorcs in eary moden times  After the declire of the
Galenica tradition as an influentid code the epidemiologich
and meteorologich observatios of sud writers as Sydenhan
and Huxham macde it appear not that the weathe was of no
importan® to the epidemiologists but tha its influence was
neithe dired nor apt to be reveal@ without the application of
method and the collection of data which even now are incom
plete and a centuy agp were almog non-existent Hene it is
that down to nearly our own time no important progres was
achieved

It was to be expectel tha after the establishmen of the
Generd Registe Office Dr. Far would devot attention to this
matte of weathe and disease and he did so as early as in the
Third Annud Report This first note on the subjed¢ only deak
with temperatue and diseag in London during the yeas
1838-41 but brings out the effed of cold upon " the pulmonay
" clas and the cerebrd diseass of the aged! Fam asked
inter alia, how long the effecs of excessie cold persisted and
found that the mortality rose at once and continual to be abowe
the normd for so long as 30 or 40 days

In the 28th Annud Repot Far made a remak which is
an appropriae criticism of much statisticd work (including
that containe in this chapter) He observe that averags
taken ove extende periods might give very incomplee infor-
mation as to the stae of weathe experienced " The tempera
" ture, weight humidity of the atmosphergand othe physica
" forces shoud not be mask&l undeg mean values but
" laboriousy traced throughou their coure from day to day,
" and if it were possible from morning to night and from
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night to morning and observe in connectim with, the con
temporaneos facts tha relat to human life, as these alwo
are successiveal recorded if the sway which they exercie is
to be appreciatd in its full significance.*

In one of the weekly returrs (No. 51, 1874 Far mack an
assessmdnof the exces mortality due to cold in the sevee
winters of 18% and 1874 He found that the exces mortality
increasd with age in geometrich progression Thus sub
tracting from the deatls at ages the correctel averag number
the excesss were sudh that starting from the age group 20-40
therate doublal evely 9. 21 years of life in 1855 and evely
8.77 yeas of life in 1874 It will be noticed that Fanr
envisage the subjed¢ of weathe and diseas from a lower
altitude than did the ancients He did not attemp to connet
the ultimate origin of epidemtc or endeme¢ diseags with par
ticular atmosphe constitutions but contente himsef with
associatig quantitative alteratiors of the variables Hereih he
displayae the true moden spirit. Aiming at too much our
ancestos failed to readh what was attainable Far and his
successa with humble aims arrived at valuabk ends In the
happy phrag of Macaulay " Platb drew a goad bow, but, like
" Acestes in Virgil, he aimead at the stars and therefore thoudh
" there was no want of strengh or skill, the sha was thrown
"away . . . Baco fixed his eye on a mark which was
" placal on the earth and within bowshot and hit it in the
" white." Farr's successawere of his schoo] and discovere
mary importart relatiors betwee weathe and disease We
may instan® Ballards work on the correlation of summe
diarrhoe and the earh temperaturef, and Newsholmes work
on diphtheria and deficieny of rainfal.

In the interpretatim of the resuls obtaina by thes
method sone difficulty is experiencd when we hawe to do with
epidemt disease owing to the fact that mary such diseasse
exhibit a periodiciy which may havwe nothing to do with
variatiors of weather For instance if we associa the weekly
or monthly variatiors of, say, temperatue throughot the yea
with the correspondig weekly or monthly deah or morbidity
rates a cloe correspondereof the grapts may not be due to
the high or low temperatue determinirg the incidene of the
disease but merely expres a seasonla periodicity; the curve
of averag@ temperatue throughou the yea is regular This,
however has bee the usud plan§

If on the othe hand we ignore the cyclicd position of the
months and associa@ months from a series of years the mean

* 28th Annud Report Registra Gen, p. xix., alo reprinta in Vital
Statistics(Far Memorid Vol. pub. by Sanitay Institute in 1885) p. 415
Tt On Epidemct Diarrhoea Rep. Med. Off. L.G.B., 1887

t The Origin and Sprea of Pandemi Diphtherig Lancet,|., 1898

§ See JessenZeits.f. Hygiene, 1896 XXI., 287
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temperature of which fall within certah limits, with the
correspondig diseag rateg we commi anothe error, or at least
make anothe assumption It is unreasonald to attribute the
same weight to the sane absolue temperatue in March and
January Again, we do not really avoid the before-mentione
difficulty, becaue on the averag the sanme months are likely to
fall into the sane groups of temperatue limits.

It appeas that the simples methal of securig an un-
exceptionh comparise is to confine the scrutiny to meteore
logica variatiors of the same or approximatey the same
element in the seasonlacycle e.g.,,to compae the temperatue
and the incidene of diseag within the same month over a series
of years the plan adoptel by Greenwoad and Theodoe Thomp
son in their pape upon the influence of weathe upon the
incidene of rheumatc fevert

The application of this metha to the problem of respiratoy
diseag will presenty be shown Before passig to this we
mus refe to the few attemps made to explan the actud
origin of epidemc sicknes in terms of meteorology Influenza
as we mentiona in an earlie chapter is the one grea pestilene
which a moden writer of geniws has referred to meteorological
or more properly speaking telluric influences

Dr. Charles Creightn devotel a sectim of his classica
treatie to this subject He bega by pointing out that influenza
almog alore of epidemt disease has conservd itstype. "To
" hawe lasted unchangd through so mary mutatiors of things
from mediaevh to modern and from moden to ultra-modern
" and to hawe becone more inveterae or protracta at the end
" of the 19th centuly than it had eve bee is unique in this
" history. Influenza appeas to correspod with somethim

broadly the sane in human life at all times."

Creightm notices with approva the work of Noah Webste
(the lexicographey who " saw tha influenza was the crux of
epidemiology” In Creighton$ opinion, " From Boyle we may
" take the grea principle of a progressie infection throug
" regiors of air (or leagues of ground) . . . From
" Arbuthna we may take the organt soure and nature of the
influenzd miasmata and the associatio with change in
" the levd of the wate in the soil. From Webste we may
" take the ideathat the historic influenzas having been sudden
" occasiongl or phenomenglmug hawe had phenomenkcauss
somewhee in eithe hemisphere 8

* SeeBehrens Arch.f. Hygiene, 1901, XL., t.
t Journ. Hygiene, 1907 VII., 171

¥ History of Epidemicsin Britain, 1l., 399

§ lbid., p. 408
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Creightn collecs a large numbe of instance in which
epidemis of influenza hawe followed more or less closey upm
terrestrid disturbancesard conclude in the following terms
" A theow of influenza constructd from sud generalitis as
" thos of Boyle Arbuthnot and Webste will hawe attractiors

for mary ove the theoy tha influenza is always preseh in

sonme remoe county and become dispersd nov ard then
" ove the world by contagim from persm to person it will
" haw superio attractions for the reasm tha influenza is a
" phenomenla thing which need a phenomena caug to
" accoun for it. But if anyore were to attemp to fit ead

historic Wawe of influenza with its particula earthquakgor
" to find the preci® locality where clouds of infective matte

had arisen or the particula circumstance in which they
" arose he would certainy find his fragile structue of proba
" bilities pulled to pieces by the professd discourages and
" depravers | make no sud attempf but | am nat the less
" persuadé of the direction in which the true theoy of
" influenza lies.™

In othe chaptes of this repot we hawe referral to sore of
the argumend and facts just quoted ard haw attemptd to
associat them by mears of a different althoudh na necessan
better hypothesis We hawe nat now to criticise, but merel/ to
recod the reasos for devotirg attentiomm to the weathe ard
allied phenomea in a repot upan the pandemics

The statisticd work of Far ard his success@ encourage
us to look for sone correlation betwea variatiors of the
meteorologich elemens and variatiors of the incidene of
epidemc disease especialf of respiratoy disease The well
deservd reputation of Creightm requires us to ak whethe in
the evens of 1918 ary meteorologichhappening were so much
out of the comma run as to characteris the periad ard justify

the adjective phenomenal

Our discussio mug be confinal to the British Isles ard we
are deepy indebtal to Sir Napie@ Shaw F.R.S, Directa of the
Meteorologich Office, for the valuabk advie and record which
he has placeal at owr disposal

The seconl of the two questios proposed will nat detan us
long. No two yeas arethe sane and in tha sensethe weathe
of ead is peculia to itself. But no evern of the yea 1918 was
of sut acharacte tha we could fairly bring it into the clas
of occurrence which would make it a reasonald bass from
which to explore further the telluric theories of Boyle, Arbuthnot
Webster or Creighton We do nat sgy tha this negatiwe resut

* |bid, p. 425
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is fatd to their theories but it absolve us from their discussion
For the same reasm we havwe no bass whateve for the reconsti
tution of a doctrine of pestilentid katastass which would explan
any of the epidemiologich facts Sud connectim betwee the
influenzas and the weathe as our study has helpa to elucidae
is of a lower orde of importan@ and to it we now turn.

We shal first and more particulary conside the meteore
logica conditiors of the London district The three waves of
the pandeme¢ were experiencd in the metropols betwea the
26th and 32nd week of 1918 (first wave) from the 41 week
of 1918 to the 2nd week of 1919 (secom wave) and from the
5th to 18th week of 1919 (third wave) The maximun weeks
of mortality were the 28th of 1918 the 44th of 1918 and the
9th of 1919 An examinatim of rainfall and of sunshire records
does not bring out any variation from the normd which is in the
same seng in ead period but there is a certah similarity
betwee all in the matte of temperature

It is the practie of the Meteorologicd Office to tabulae
accumulatd temperaturea bas being an air temperatue of
42° F. For instance the repot for the 28th week of 1919 notes
that in S. E. Englard the accumulatd numbe of day-degres
abow 42 was 1,344 and that this was 134 belov normal in
the 29th week the retum is 1,46Q 155 belov normal Thisis
to say, that down to the 28th week the balan@ of warmth abowe
42 was below the averag (the normd standad is the mea of
the years 1881-1915) and that in the 29th wee the advere
balan® was increased that week being belowv the standard |If
now we plot the weekly variatiors from the standad for a series
of weeks the heighs of its ordinates will measue the generd
situation while the slope from point to point measurse the
chang of position Diagran 1 shows the deviatiors of ac
cumulatel temperatue from the standad from the 20th week
of 1918 to the 18th week of 1919 (Kew reading$ and the
positiors of the waves of influenza in London are indicated
The broken lines correspod to the week of maximum mortality
in each wave In the 20th week of 1918 acredi balane of
day-degres ove 42 F. had been amassedand this was increased
up to the 22nd week and but slightly diminisheal by the 24th.
Then a shap fall began and by the 26th week nearly the whole
of the credi balan® of more than 70 degres had been spent
This shap fall immediatey preceedd the manifestation of the
epidemt in our mortality returrs and occurral during the first
stage of the pandemé¢ in London A similar phenomenp will
be observe befor the secom wave ; from the 38th to 40th week
there is a ste@ decline We se the sane coure befor the
third wave temperatue is lost steepy from the 3rd week of
1919 to the 7th, i.e., until well into the period of epidemc
prevalence
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Turning to the generd facts of the situation we find that
in the 25th week of 1918 the mean temperatue in all statiors
was below normal and strorng south-westepl to westery winds
were experienced In the following week warmt was " very
deficiert " in 10 districts and " deficient' inthe remainirg two.
In the 39th week eight districts reportad " deficient; and four
" moderaé " warmth In the 40th week S.E Englard reported
"very deficient’ warmth 10 othes " deficient; and only one
(Eag Scotland "moderaté warmth It may be mentiond
that " very deficient’ warmth is such a departue beneah the
averag as is likely to occu once in 12 years while " deficient'
warmth will occu on the averag three times in 12,

In the 4th week of 1919 six districts were " deficient; and
six "moderate’ in the 5th week S.E Englard was "very
deficient;’ and all the othess "deficient"; in the 6th week
S.E Englard was still " very deficient; and all othe districts
excef Ireland " deficient' In the 7th week the Midlands
were "very deficient; and all the others agah excepting
Ireland " deficient

We see then that the stae of affairs in London was fairly
typical of conditiors prevailing over mog of the British
Isles

This uniformity of deficiert temperatue before and in the
first stage of ead outburg of influenza may be contrastd
with the diversity of the rainfall conditions Prior to the
summe wave the weathe& was exceptionaly dry. The repott
for the 25 th week of 1918 refers to the almog continuows
deficieny through seven weeks S.E Englard having but
39 mm. as compare with a normd of 77 mm. In the 38th
week the rainfal was " very heavy' in 10 districts and
"“heaw " in the remainirg two. In the 40th week it was " very
heavy' in three districts " heavy in seven districts and
"moderaté in only two. Thus ther is agreemet in the
mattea of deficiet warmth, flat disagreemenwith respet to
moisture

In diagran 2 a further comparisen is instituted We give
the differences of accumulatd temperature abow 42° F. for
the whole S.E District of Englard in the first 10 weeks of the
three years 1918 1919 and 1920 In 1918 influenza was not
epidemct in the first 10 weeks of the yea ; in 1919 there was a
gred outbreak the third wave of the pandemi¢ in 1920
influenza was epidemi¢ but the epidemc was of minor
importance Only in 1919 the yea of grea mortality, is there
a long continuel downwad trend the curve from the 3rd to
the 7th week was almod a straigh line and more than 40 day
degres were lost in the period
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Somewh#asimilar observatios were mace in Paris and in
the repot issuel by the Direction d'Hygiené& the following
remarks occur—

" Without pre-judgirg the relation which may exig
betwe@ meteorologick phenomea ard the invasio of
influenza we obsere tha the mortality in 1918 was at
first low in the cour® of a periad of remarkabé drynes
from May to the erd of Jure coincidenty with a lowering
of the temperatue prolongel for live or six weeks
From this point the mortality began to rise slowly, ard
then diminishal as the temperatue roee and more than
the averag rain fell.

" Augug was characteriseé by a periad of four weeks
drynes ard endel with a sensibé increag of deatls
seemiiy to prepae the way for the critica periad from
mid-Septembe to mid-Octobey in the coure of a phas
of drough which endure for six weels during which
grea deviatiors were noted A lowering of the tempera
ture, which was belov normd for live weeks coincidel
with this exceptionhdryness It was during this periad
that the percentag of deatls from influenza were mog
numerow; 32« 66,4527,49¢« 22, 46+ 59.

" In November the temperatue becane normd agan
and rain fell in abundancethe rain gaug showirg a
consideral# positive deviation ; the deatls from influenza
decreasedfalling from 1,28 to 629 and then to 309
(absolue number¥or to 42 « 22, 39 « 84, 26 « 45 per cent

"The curwe of mortality roe agan coincidenty with
a newv fall of temperature It reachd 25 pe cent
During this period rain fell in abundancethen at the
first increag of temperature influenza declinal ; this
outburg lasted with a slight inflection, three weeks

" Is thete correlation betwea the increag of mortality
from influenza ard afall of temperatue coinciding with
a periad of drough ? Or isinfluenza favourel by ore
only of the® meteorologice phenomenalow temperatue
or absene of rain ?"

Thes resuls suffice to establi§ a prima facie ca® in favou
of the view tha an unseasonabl deviation of weathe towards
the side of coldnes playad sone pait in the mortality of the
epidemics They nat less clearl testify againsé ary claim that
weathe conditiors rark amorg the primary factos of the
pandemé or epidemc prevalences Diagran 2 makes this
clear, for, were deficiert temperatue primary, we shoud expet
tha 1920 would haw less fatd influenza than 1918 since it

* Epidemiede Grippe a Paris, Recuel de Statistiqe de la Vill e de Paris
et du Departmende la Seine 1919 p. 13.
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accumulatd steadiy for weeks a credit balan® of wam days
Actually there was more influenza in 1920 than in 1918 within
the periodscompared But it is hardly necessar to labou the
point, since it is not here contendd that deficieny of tempera
ture was more than an accessor cause Yet sud a subordina¢
role is not without importance We may in fact suppos that,
given the necessar conditiors of epidemc prevalence—th
nature of thee has been the subjed¢ of discussiom in othe
chaptes of the report—thog climatic conditiors which are the
spott of chane but yet capabé of moderatey accurae predic
tion over shot periods do appreciaby modify the price in
terms of mortality which the epidemc will exad

Sone interes therefoe attache to an investigation of the
quantitative relation between temperatue change and the
mortality rate from respiratoy diseasesespecialy pneumonia
and we haw therefoe analysél certan data

The deah rate per million from all forms of pneumona in
eah of the lag 12 weeks of the first quarte of the yea was
computal for ead of the 40 years 1850-1889 in London and
ead deah rate was associatd with the mean temperatue of
the air in the immediatey precediy week From the resulting
480 pairs of observatios a correlation table was formed (the
units of grouping were 2° for temperatue and 4 per million for
deah rates) The sane cours was followed with the observatios
relating to the last 12 weeks of ead year.

It was found that temperature and deah rates were quite
definitely correlatel (Tables 1, 2, and 3, and Diagran 3), and
althouch the regressio cannd be truly linear it will be seea
that a straigh line is a quite reasonald representatio of the
generd trend A drop of 1° Fahrenhdi in the temperatue
correspond to a rise in the pneumona deah rate per wee of
abou 6 per 10 million living.

The absolue magnituc of the effed is small and in this
analyss no attemp has been made to corred for seasonlatrend
However when this is done—ly a metha it is needles to
to describe—correlatio is still observed

The sanme proces was then applied to the London data for
the 12 years from 1903-1914 and for the lag 12 weeks of the
yea (135 observatios were available meteorologich observa
tions were not publishal after the third week of the lag quarte
in 1914 and for the purpose of this trial it was not necessar
to consut the unpublishe data)

The interestirg resut emerge that in the recen periad the
correlatim betwee the pneumona deah rate and the tem
peratue of the previols wee&k was much highe than in the
pre-influenz& period It will be noticed that the slope of the
representatig line is much steepe than in the previous trials,
and the differene is greate than to be expecte as a resut of
chane fluctuation
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The absolue magnitud of the variation of deah rate with
temperatue is inded still small and the irregularity of the
trend considerablebut it is hard to escap the suspicion that
the pneumona of recen years has varied more closely with
temperatue changs than was the ca® in the pre-influenza
period The limitation of the analyss to the last quarte of
the yea which, prior to the grea pandemi¢ has not in the
presem generation been much affectel by epidemc influenza
avoids an obviows sour@ of fallacy.

The objed of the presem remarls is not to expo® the
generd relation betwee weathe and respiratoy diseases—a
problem which it is intendal to examire in detal in anothe
report—bu to illustrate the fact tha inferences drawn from
one period cannda be safey transferrel to another A further
inferene is that althoudh the measurald fluctuatiors of
mortality from pneumona and of such a criterion as air tem
peratue haw been much too smal to warran arny certan
inferences from the peculiarities of 1918-19 noticad above
there is still room for further study of the problem

We may, indeed hawe complee confidene that the crude
generalisatioa of the old hypothese are unsound and that
the part played by the meteorologich peculiarities of the
pandemc¢ yeals was a minor one ; it is not, however improbabé
that some importane attachs to the features to which we hawe
directed attention

TABLE 1

Relation between theWeekly Death-rate from
Pneumoniain London and the Average Temperature of
the previous Week.

1st Quarter, | 4th Quarter, | 4th Quarter,
- 1850-89. 1850-89. 1903-14.
Mean temperature () - - 39-57 4449 46-15
Mean death-rate (y) - - - 30-48 30-77 31-69
Standard deviation of tempera- 5-13 6-26 5-51
ture.
Standard deviation of death-rate ! 8-08 9-37 10-11
Coefficient of correlation - - | —-371 — 458 -~ 707
Regression equation - - - y=53-59 | y=61-27 y=91-57"
,  —-584x. | —-686m, —1-298.
No. of observations - = - - - | 480 ‘ 480 135
|

Difference of regressia coefficiens in the two sample of 4th quarters
* 612 + + 086
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TABLE 2
A Comparisonof the observedViean Death-ratesfor particular
Rangesof Temperaturewith the Values assigned bihe
Equations for4th Quarters.

1850-89. 1903-14.
Mean ; s : - e
Temperature Mean of Mean of
?F.). OII\)I:ér?rfa- observed | Calculated Oﬁgér(:i_ observed | Calculated
: tions. Death- | Death-rate. tions Death- | Death-rate.
rates. ' rates.

28 4 415 421 — —_ —
30 3 425 40-7 — — —
32 14 366 393 — — —
34 12 35-7 38:0 3 49-2 475
36 18 41-8 366 35 ' 499 449
38 4245 34-7 35-2 5 40-5 423
40 45 35-2 33-8 13 41-9 39-7
42 58 313 32:5 19 34-1 37-1
44 57 31-5 51-1 14-5 37-3 345
46 585 | 30-8 29-7 13 29-9 31-9

. 48 475 256 284 255 287 29-3
50 48 268 27-0 115 26-8 267
52 29 262 25-6 12-5 21-2 24-1

54 225 26-2 24-3 55 24-0 215
56 13 22-5 22-9 5 233 18-9
58 6 =212 215 4 185 16-3
60 S 26-5 20-1 —_ — —
62 1 145 18-8 — — —
TABLE 3.

A Comparisonof the observedviean Death-ratesfor particular
Rangesof Temperaturewith the Valuesassignedby the
Equationfor 1st Quarters(1850-89)

Mean Temperature ! No. of Mean of observed Calculated

). i Observations. Death-rates. Death-rate.
|

23 . . 32-0 40°1
25 35 343 39-0
27 4 46°5 37-8
29 105 40-0 36-6
31 22 345 355
33 26 33-9 34-3
35 51 321 33°1
37 63 - 32-4 32-0
39 585 311 30-8
41 635 296 29-6
43 805 284 285
45 49°5 i 27-8 27-3
47 355 - 25-2 26-1
49 105 25-5 . 25-0
51 10 320 28-8




