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CHAPTER VI.

NATURAL IMMUNITY .

It is importart for both generd and particula reasos to
know whethe passim throuch an attadk of influenza rendes
the victim less liable to be agan successfulf attacked The
generd reasm is that if a large proporticn of the victims is
renderel immune from secom attacls then where the diseag
has been widely prevalent it shoul follow that an appreciabé
proportion of the inhabitans might becone insusceptible a
proportion sufficiently large to diminish the chane of anothe
outbre& attaining considerakd dimensions The particula
reasa isthat successfunaturd immunisation would guide us in
attemps to confe an artificial immunity by inoculation

Owing to the importane of the matter, efforts were mace to
secue dat over awide field. The kind of materid desiral
was sample of persors living undea various conditiors of whom
the influenzd records through two or three periocs were
accurate i.e., we desiral to know how mary of the group were
attackel in the summe and how mary not how mary of eadh
of thee classs were attackel in the autumm and similar
information respectig the third wave

That the effed of difference in environmem and geographich
situation might be noted sampk censuss were macde in severa
cities and inquiries were alo directed to some boardirg schools
Data relating to membes of the University of Cambridge and
to a police force were also secured The origind materid so
far as relevan to the presem inquiry is recorda in Table I.
(further particulas of certan data are given in the appendices)
The appraisemenof thes resuls is a matte of considerabd
difficulty and it will therefoe be prope to discus in detal the
method employed

All statisticd inquiries involve two ordes of difficulty,
materid and analytical The materid difficulties are thos
due to imperfectiors of the crude dal themselves Sud
imperfections or errors are of two kinds systemat and
unsystematic Systemati errors are introducel in two ways
The first, and less important is deliberaé or unconscios
bias of recorders Thus a recorde who believel a priori
that an attak of influenza did confe@ immunity, might
accep evidene that a persomn who was not attackel in the
autum had been attackel in the summe with less criticism
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than he would apply in othe cases This sour@ of systemat
errar (anothe form of which is to rejed observatios making
againg a theoy with greate readines than thos making
in its favou has we think, na occurr@ in our series A
more prominert sour@ of systemati erra is introducel by
the methal of samplirg used If a hou® to hou® visitation be
the soure of the statistis it may be easie to obtan information
from particula types of househad amd it was actualy fourd
that this happened Families containirg yourng children are
proportionaly over-representk in the censusg becaus tene
mens occupi@ exclusivey by aduls were more likely to be
empy a the times of day when the particulas were collected
Hence the samples are nat randon sample of all households
but only of household of aparticula class The effed of this
upon our investigatia is not however of seriols importance

In the schod inquiries it is possibé tha sone systemat
error may hawe bea introducel by afailure to recod accurate}
the change of the populatimm i.e., we haw an insufficiert
guarante tha all said to be expose to risk throughotu the
period of observatio were realy so exposd ard tha no
others were exposed It was obviousy nat possibé to subjet
such dal to the rigid contrd practicabé when the whole
investigation was guided by the staf of the Ministry or by
experiencd medica officers of health Ther is, however
no reasm to beliewe tha ary importan erra of this kind
has occurred Upon the whole it is felt tha the prejudicid
effed of systemat erra has been sufficiently slight to disregard
Unsystemati errois are thoe due to carelessnesor randam
inaccuray on the patt of the recordes or toinheren difficulties
in making exad specifications The® haw indubitabl enterel
largely into the matter Marny of the particulas haw bea
gathere by untrainel or partly trained observes working often
unde pressurewhile, even for the expet clinician or epidemi
ologist to decice upon the evidene of an uneducate withes
whethe he or a membe of his family had had an attadk of
"influena" is a matte of delicacy Hene we do not suppos
that a high standad of accurag has bee reached

There is, however an importan differene@ betwea the
statisticd consequenceof systematt and unsystemad errors
of record The formea might lead to a totally false conclusio :
the latter would in generd merel blur the analytica results
althoudh they might lead to a negative conclusim where goal
data would warrart a positive conclusion In some inquiries
notably thog of psychologists allowane is made for the
attenuatio of the statistich resuls due to sud unsystemat
errors  We shal not, however attemp ary sud refinemens
here since for reasos abou to be discussedthe rang of
fluctuation in resuls deduce from perfecty accura¢ dat of
the presen clas is so gred tha it is unprofitabk to paug upm
minutiee
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We now turn to the analyss of the data and the expressio
of their meanimg in the form of statisticd averages From the
outset two points are obvious One is that if a first attadk of
influenza does confa any protection then the cas rate of thos
previously attacke will be less than that of thos not before
attacked The othe point is that variatiors of cas rate might
and do occu quite irrespectie of previows history.

We can display the principle with the help of a time
honourel illustration. If we draw countes a randan out of
a bag containig equd numbe of white and red counters
we shal rarely draw precisey equd numbes of ead kind. If
in a series of trials, or in a single trial, there is a clea majority
of red counterswe shal not infer that it is really easie mechani
cally to extrad the reds unles we can shaw that the discrepang
is much greate than would be likely to arise by mere chane
in the extraction of samples of the given size from a bag
containirg perfecty similar and equally accessitd red and
white counters The arithmetica criterion applicabe to suc a
cae is simple If the proportion of red countes is p, and of
white countes 1 — p — q, then if n are drawn (it is assumd
that eithe the totd numbe in the bag is indefinitely grea or
that eadh counte is replacal after drawing we shal on the
averagedraw np red countes per sampk of n, and the chances
are that a considerabd majority of the drawing will not differ
from this averag@ by more than two or three times npq.
Why then shoud we not apply this methal to the cas of
influenz& If a previows attak confes no immunity, the n
persors attacka in the summer and the m persors not attackel
in the summe may be likened to samples drawn from a bag
which bag is to be composd of red and white countes in the
proportiors representig the tota attackel and totd not attackel
during the autumn, and if there be no immunity, the differene
betwea the proportiors of attackel in the two sample shoutd
not greatly surpas the expecte fluctuation determine by the
formula quoted above

There are two objectiors to this process The first, and
more important is tha the formula measurilg the extert
of fluctuatiors is deducel on the assumptio that the draw
ings are independent that if the first counte drawn in
arny trial happes to be red it is neithe more nor less likely
that the secom will be red than if the first had been white.
Suppoe the bag of countes subjed¢ to othe conditions That,
for instance the colours in the bag were changing sometims
white countes turning red, sometims red countes turning
white. Suppoe tha the mere drawing of a counte and its
replacemet macde a difference that when a white counte was
drawn and thrown badk into the bag arny red counte it
impinged upon turned white. Clearly the law of fluctuatiors
in samplirg such a bag as this might be very unlike thos of
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the time honourel and static "universé of countes which
provides our simple formula But a moments though shows
that the statisticd nightmae we hawe just conjured up is more
nearly in point when we are discussiig an infectious diseag
than the orthodox scheme The chane of contractig an
infectious diseae is ill representd by taking the proportion of
those affecta by the diseag in the " universe| and using that
proportion as the constam measue of risk for eah person
The " countes " are not all alike in shap and smoothnessand
the drawings are not independent Thes two departurs from
the schene will affed the variatiors of the composition of sample
in different ways but, in the generd case the combina bias
will deprive the formula of much practicd value In fact a
very goad statisticd criterion of infectivity is to note that the
fluctuatiors of samples e.g., the numbes of house with 0, 1,
2, &c. cases of diseass in differert samples are quite unlike
those which would occu upon the hypothess from which we
started

Are we, then to concluce that arithmeticd computatiors
baseal on the theoly of simple samplirg are mere wase of time
in the presen connectim ? The answe is that such calculatiors
althoudh of very limited value are not entirely worthless The
presen differs materialy from such a statistica recod as for
instance the numbe of case of infectious diseag in ead of a
series of years or the distribution of case in houses In eithe
of thee the methal is valueless It would be useles to use it
to measue the probability that the attak rate in Mancheste
(measurd on a sampk of the inhabitans of Manchestey differed
significantly from a sampé in Leicester But the data we are
to analy® consists in eah sample of persos undeg a comma
environmen all expose to a considerabd averag risk of infec-
tion. Thos previousy attackel were not segregaté in any
way from those not previousy attacked while the evidene we
have analyseé in anothe chapte makes it a mattea of douhkt
whethe variatiors of domestc conditiors (which in any evert
do not apply to the school3 are very compellirg factors Henae
it may well appea that the time-honourd ted is not altogethe
uselessbut may at leag serw to indicat a lower margin of
fluctuation sothat deviatiors found by it to be within the limits
of chane fluctuatiors may certainy be dismisseé asinsignificant
It may still be objectel that there is anothe difficulty; even
were the counte drawing analogy tolerable we do not actually
know the contens of the bag We know the numbes attackel
by influenza in our samplesnot in the univere of which they
are samples This objecticn is, however much less formidablke
than the forme becaus the combinal totals of the samples
are large and if the analoy were valid, the risk of assumim
the proportin obtaine in the combinel sample to be that of
the whole universe does not import any gred error into our
calculations
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If we are to use thismethal as a preliminayy test the questiam
nex arises as to whethe we can rende our resuls comparale
by the eye if we use sone function of the proportiors insteal
of the proportiors themselvessince the latter will vary with the
severiy of the epidemcin the particula town or communiy
studied A methal which suggedst itsef is to compae 100
(p1-p2)/A for the differet sampls where plis the proportimn
attackel in the secom epidemc of thoe nat attackel before
and p; is the proportin attackel among$ thoe who had been
attackel before This expressionwhich has beea termeal the
percentag efficiengy of protection has the merit of varying from
0 to 100 when pl is equa to or greate than p,, but it has
various demerits For instane if plis less than p, the range of
negatiwe efficiencies is unlimited and to read a corre¢ mea
value need a series of comparisos strictly in pari materia*

Consequenyl this metha of comparisa is nat very good
Actually we provide the following statistich deductios base
on the metha of simple sampling

(1) The numbe attackel in the secom of ead pair of
epidemis from amongs the previousy attacked and
the ratio of the differene betwea this and the " ex
pected numbe to the latters probabé erra on the
assumptio of independen liability, the chane of
attadk being definal by the ratio of attacls to persors
at risk in the combineal secon samples

(2) A comparisa of percentag attak rates

(3) Percentag efficiencies togethe with the probabé fluc-
tuation of sud a measue arourd the value zeio which
would be almog its mea value in an undifferentiate
populatian (the probabé fluctuation has been calcu
lated on the hypothess of independenchances}.

This metha being admittedy imperfe¢ althoudh eay to

grag we turn to others The mod usua is to tabulae the data
in sud aform as the following:— 2nd Epidemc

EZ Attacked. | Not Attacked.
=

i

CEDL- Attacked - - i a ‘ b

g. Not attacked - 1 c d

* For a full discussia of this and othe points toucha on in the
text, see Greenwod ard Yule, Proc Royd Soc Med (Section of Epi-
demiolog/ and Stat Medicing VIIIl, 1915 pp. 113-190

t le., if p were the proportion attackel in the secomd epidemic and n
and m the numbe previousy attacka or not attacked we have—

67-449 x /l1—p(1 1
x\/——-—P <n+m

for the approximaeé probabé errar of zew efficiency It is assumd that
square of deviatiors from the mean values are smal in comparisa withthe
squars of the mears themselvesotherwi® (3) suprais inexact

O 10699 &c I
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Ore then calculate the probability tha sud a distribution
into the four subdivisiors might hawe arisen by chance addirg
some coefficiert designé to measue the tendeng to co-varia
tion, or correlation of the attributes

This methdl is free of some of the more serios objectiors
urged agains the countersschene of our previows argument
It is quite true tha the measure of improbability deducd from
the tables 2a-2N are bas@ upon theoretich reasonig perfectly
akin to tha involved in the deductiom of the formulae of simple
sampling But the statisticd" univere " sampld is different;
It is in fad the univer®e of "attacked amd "not attacked ;
the law of variatim postulatd of that univere is na
subje¢ to quite sud damagimg criticism as when employea
above In fad s0 far as the measue of mere improbability
is concerned the theoretich objectin is rathe tha it some
what overestimateshe likelihood tha the sampls are homeo
logous Hene ary resuls which pas this tes may be
receivel without hesitatim as somethig more tha a mer
freak of samplirg a univere wher the incidene@ of a diseas
is idealy equa upon the two classe compared Hene the
values of the entries in Tables 3, 4, 5 (columm 11) are a
sufficiert rough ard read/ criterion of the likelihood that

TABLE 1.
o \
AN 2 Numbers having Influenza in
A o =
ocality. 5.9 & g g a5 B : HE S
T 15E 8 E |3oE B |BoEELEECE
2 g 2 |§8E E ESEE3S sg.s
A g1 2 2 & B & BE BIZ £ B
<
South Shields - | 462 14 27 1 31 1 3 0
Leicester - - 14,619 | 825 | 662 16 | 323 22 37 2
Wigan - - | 1,075 45 81 1] 117 0 2 1
Newcastle - on - 4,461 | 277 | 225 4 | 326 39 17 2
Tyne. .
Manchester - 14,686 | 709 | 403 70 73 26 11 3
Blackburn - - 11,284 | 111 82 '8 83 6 10 1
Widnes - . (8,417 | 423 | 274 14 | 340 21 8 0
Cambridge TUni- 1,766 | 423 | 406 41 | 130 17 38 8
versity.
City of London | 746 50 | 113 4 241 0 5 0
. Police.
Clifton College - | 451 | 162 99 22 85 71 61 18-
Haileybury -| 515 180 73 41 | 106 22 25 10
Eton - - -] 753 | 3931 172 29 * — — —_
Harrow - -1 429 90 | 258 29 * — — —_
Finchley Elemen- | 1,224 | 134 | 387 18 29 5 4 (1]
tary Schools.

* No returrs for the Winter Epidemic
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there is ared differene ; so long as the figure in this column
excee@ seven or eight we "may infer that differentiaticn has
been rendere highly probable
coefficiert baseal ultimately upon this function and comparabé
from sampek to sampek yet free from the grave objectiors urged
againg the coefficien entere in column (5) is difficult and the
value of such coefficiens is a matte of controversy For presem
purposa we beliewe that the cogeng of the individua resuls
shoul be judged by the recod of column (11)—columm (12
merely translats the resut of column (11) into a scak of pro-

babilities—while colum (5) may be usda

To devie an averag or

to compae one

—experiene with anothe but always subjet¢ to the restrictiors
and criticisms abow noted The significane of the remainirg

columrs has been explained

the various " probabk error "

tess are of subordina¢ value althoudch actually there is in the
series no instane of conflict, i.e., no sampk which passim the
imperfed tes would be rejecta by the more reliable one (the
auturm and winter comparise of Wigan is a partid exception)

With thee necessaril long yet incomplet explanatios we
pas to the numericd resuls shown in Tables 3, 4, and 5 basel
upon the materid tabulatel in No. 1.

TABLE 2A.
SOUTH SHIELDS. Four-fold Table.
R ~ Automn, —_ Winter, — Winter,
+ | - + | - Quirver~ | 4 | —
Summer 4 1 13 14 | Summer+ 1 13 14 | Summer+4- 3 25 28
- | 27 421 448 — | 34 414 448 - | 32 402 434 -
28 434 | 462 35 427 462 35 | 4271 462
TABLE 2B.
LEICESTER Four-fold  Table.
-—— Autumn. —— Winter: - —_ Winter.
+| = ol L I
Summer 4 | 16 309 325 | Summer+ | 24 | 301 | 325 | Summer+ | 39 | 639 678
—~ 662 | 3,632 | 4,294 i — (360 3,934 |4,294 = (3451 3,596 | 3,941
678 13,941 [4,619 | - ¢ 1384 |4,235 [4,619 |: 384 | 4,235 {4,619

I2



138

TABLE 2C.
WIGAN. Four-fold Table.
_— Aut’umn. —_— Winter, —_ Winter. .
+ | = : + | - + | -
Summer + 1 44 | 45 ]| Summer+ 1 44 45 | Autumn+ 3 79 82
~ | 81| 949 1,030 -~ 119 | 911 [1,030 — 117 | 876 | 993
82 | 993 (1,075 120 | 955 [1,075 120 | 955 {1,076
TABLE 2D.
NEWCASTLE Four-fold Table.
—_ Autumn, —_ ‘Winter. -— Winter.
e
+ | - + | = + | -
Summer + 4 273 | 277 | Summer+ | 41 236 | 277 | Autumn+ | 19 | 210 | 229
- 1295 3,959 |4,184 ~ 1343 13,841 4,184 — |365 |3,867 | 4,232
229 | 4,232 | 4,461 334 4,077 | 4,461 384 | 4,077 | 4,461
TABLE 2E.
MANCHESTER Four-fold Table.
J— Autumn, —_ Winter. —_ Winter,
+ ] - + | = + ] -
Summer-+4 | 70 | 639 | 709 | Summer+ | 29 | 680 | 709 JAutumn+ | 14 | 459 | 473
LS Tla08 (3,574 (3,077 ~ | 84 (3,893 |3,977 — | 99 |4,113 [4,213
o 1478.14,213 “4,686 113 | 4,573 | 4,686 13 4,573 4,68’61'
TABLE 2F.
BLACKBURN. Four-fold Table.
JR— l Autumn. —_ Winter, —_— ‘Winter.
A+ - + | - A+ -
Summer+ | 8 103 111 | Summer 4 7 104 111 | Autumn+ | 11 79 90" .
© = | 82|00 1,173 = |93 11,080 | 1,173 — | 89 (1,005 | 1,194
B I9o |1,194 1,284 100 | 1,184 | 1,284 100 |1,184 |1,284
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TABLE 2G.
WIDNES. Four-fold Table.
— Autumn, ——— ‘Winter. —— Winter.

I + | = ) o=
Summer + | 14 409 423 | Summer+4- | 21 402 423 1 Autamn+ 8| 280 [ 288

— 1274 12,720 | 2,994 ~ |348 {2,646 2,994 — [361 [2,768 | 3,129
o 288 | 3,129 |3,417 369 | 3,048 | 3,417 369 | 3,048 |3,417

TABLE 2H.
CAMBRIDGE UNIVERSITY. Four-fold Table.
_— Autumn, _ Winter. —_— ‘Winter.

N T N R )
S_ummgr-—h 41 382 | 423 Summer+ | 25 |, 398 | 428 | Autumn+ |;46 401 | 447
e — |406-| 937 {1,343 T~ (168 1,175 {1,343 o~ 147 1,172 (1,319
o 447 1,319 | 1,766 S 1198 1,573 [ 1,766 193 {1,573 1,766‘

TABLE 2I.
CITY OF LONDON POLICE Four-fold Table.
—_— Autumn, —_ ‘ Winter. —_ " Winter.
+ | - + ‘ - + | -
Summer + 4 46 50 | Summer-- 0 50 50 | Autumn + 5 112 | 117
©— 113 | 583 | 696 - 29' 667 | 696 — | 24| 605 | 629
117 | 629 | 746 29‘ 717 | 746 ) 20| 717 | 746
TABLE 2J.
CLIFTON COLLEGE Four-fold Table.
_— Autumn. T —= Winter. ) —_— Winter.,
+ + | - + | -

Summer +'| 22 | 140 | 162 | Summer+ |84 | 78| 162 |Autumn+ |74 | 47 | 121

o — 99| 190] 289] .~ |146| 143 289 -~ [156 | 174 | 330

Lo ety 3o o4t | o f230 221 | 451 230 | 221°| 451
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HAILEYBURY . Wour-fold Table
—— Autumn. —_ ‘Winter.: e Winter.-
- + — . -+ — +- —
Summer 4 | 41 139 180 | Summer+ | 32 | 148 180 | Autumn+ | 351 -79 ( 114
- = (73| 282 | 335 = {131 | 204 | 335 -~ [128° 273 | 401
114 | 401 515 o hes| ss2 | 515 o hes| ss2| 515
TABLE 2L.
FINCHLEY ELEMENTARY SCHOOLS Four-fold Table.
- Autumn. — ‘Wipter.-r — Winter.-
Summer + | 18 116 134 | Summer+ 5 129 134 | Autumn 4 4 401 405:
= 1887 | 703 |1,090 = {83 1,067 1,090 ~ | 34| 785 | 819
: la05 | 819 1,204 38 (1,186 | 1,224 38 1,186 | 1,224
TABLE 2M. . TABLE 2N.
ETON. HARROW,
— Autumn, —_ Autumn. -
L + — B + -
Sammer + 29 364 393 [Summer + 29 61 - 90
- 172 188 360 - 258 . 81 339
201 552 753 287 | 142 | 429

We conside first the influence of summe attak upon the
fates of the sample in the autumm wave of influenza In five
of the 14 instances viz.,, Souh Shields Wigan Manchester
Blackburn the City of London police, and Haileybury College
sud differene of percentag attak rates as appeas cannd be
regardel as beyord the range of chane having regad to the
size of the samples In two of these Wigan and the City police
the differene of attadk rates is greatly in favou of thos who
, had had summe influenzg but the magnituce of the epidemt
was too smal to enabk the resuls to pas bur test In the
three othe case there is not even a'prima facie advantag on
the side of the summe victims. The balance six samples all
shov a considerabd and statisticaly significant superioriy of
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the summe patiens in face of the autumm epidemic If we
avera@ the so-callal efficiencies using as weights the square of
reciprocas of the "probabk errors "—we find that the averag
value is 54. 3 per cent which would mean were the severiy of the
different epidemic constam that the previousy attackel persm
had only half the risk of contracting the diseag incurred by his
unprotecte neighbou (for reasos abow explained this is a
crude approximatim to the unattainabé truth). When we
compake the winter experiene of the persors attackel or not
attackel in the summer the proportin of undifferentiatel
sample increass ; in fact Haileybuly (the single schod which
showal no measural# differene in the previouss comparison)
Newcastle Widnes and Cambridge University give significart
values ; 36 per cent of the samples agains 57 per cent in the
previouss comparison The numericd measue of averag
efficiency sinks to 16.0 per cent The autumn-winte com
parism leads to resuls not much bette than the last four out
of 11 are significant the averag efficienoy 25.2 per cent

From this comparism we may infer that on the average
summe influenza did confe a measue of protection againg
the auturm and a smalle protection againg the winter disease
(2) that the diminisheal value of the summe attacls in protectirg
againg the winter form was not entirely a matte of the wearirg
out of an acquira immunity, sine the autunm exposue did not
confa a much greate beneft than did that of the summer but
more probaby due to some immunologicéd differentiation of the
third from the first and secom waves a surmis which is con
cordan with the clinical experiene that winter influenza was
unlike that of the autumn

Although we may be reasonabl certan that the advantag
—howeve measured—b those previousy attackel is in a
majority of the instances ared phenomenon the resuls as a
whole are unsatisfactory discordant Why shoull we find
such a differene betwee Leiceste and Mancheste or betwea
Eton and Haileybury? Had we merely been furnished with
one or othe sd& of data we shoul hawe bee led to seriousy
erroneol conclusiors as to the epidemiologich importane of
naturally acquirel immunity, hawe dismissel it as of no momen
or hawe attributed to it a generd importane it is far from
possessing Before considerig the matte in detail we may
med a criticism which has no doult already occurra to the
reader

We remarkel in an earlig chapte that the age incidene
of the autumm influenza was different from tha of the
summer hence in town censuses judging immunity with-
out referene to the ages of the exposeé may lead to a
fallacious resut (it cannda of cour® do so when as in
schools the population is of uniform age) This point was
taken early in the enquiy and it was found that a separag
evaluation of age groups both at Mancheste and Lieceste did
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not sensiby modify the conclusios derived from the generd
tabulatin of the data No obvious explanatimm sud as this is
practicable We hawe therefoe to face two possibilities (1)
that the wide variation of the cas rates in different sample
accounsg for the varying resuls as to immunity, (2) tha the
biologicd properties of the materies morbi were distind in
different cases

How hypothess (1) might reconcik the conflicting resuls
may not be immediatey obvious; the possibility reposs upon
the following considerations

The usud theory of immunity is that the average resisting
powe of the immuniseal is raised whethe by actud addition
to the store of anti-bodies as in a passie immunity, or by
stimulation of the physiologicd source of supply, in active
immunisation by vaccination Werewe to represen pictorially
the resistirg powers of unimmunisel persors to varying doses of
infection we might liken the group to acurvethe talles ordinae
of which measure the frequeny of persors of averag resis
tance while on eithea side the ordinates diminished a very few
persors are highly resistahm and a very few extremey sensitive
Now if this populatian is exposé to the diseag the numbe of
victims will deper upon the resistirg powe and the virulence
of the infection (see Diagram) One epidemc will perhap
cut down all whos resistane is less than a certah amount
measurd by apoint on the bas line of our curve all persors
representd by the area to, say, the left of the ba® point
fall victims, thus in our diagran the ordinates numbere
1,2, 3, 4, 5 correspod to epidemic of decreasig severity
In a more virulent epidemc the limiting points will lie to
the right of that marking the critical value in the first case the
proportion of victims will be larger Now let us suppog that
immunisel persors can belikened to a similar curve but having
its mean to the right of the mean of the uninoculated Then if
we make the sane critical point of division we shal find that a
smalla proportion of theinoculatal or immunisel will be victims
than of the uninoculate provided the distribution on eithe side
of the mears is identicd for inoculata and uninoculated But
if this is not so; if for instan® the inoculatel althouch
"having a highe meax resistane are more variablke abou the
mean at sone point to the left the curve of inoculatal will Cros
that of uninoculatel and for all epidemic so mild that the
critical resistirg powea (the point on the bas line) is at or
beyord the crossirg of the curves the proporticn of inoculatel
who fall victims will actually be larger than the proportion of
uninoculated Conversef if the inoculatel were less variable
than the uninoculatel there would be a point of crossimg to the
right hand for all epidemic of greate than a certah severiy
the attak rate upon the inoculatel would be greate than upon
the uninoculated Thes purely geometrich consequencesare
of course perfecty compatibke with; biologicd considerations
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since a prophylactt measue conferrig a gred averag
beneft may place a smal minority at a disadvantage But
Greenwod and Yule, who extende this conception—originalf
due to Maynard—b the comparise of inoculation data found
no instane in which the critical point fell within the range of
practicd importance the differentiation againg the inoculatel
only commencig at (in the cae of a more variablk inoculatal
population) a mildnes of attadk tantamoumh to no red epidemc
at all, thus on the scak of our diagram it is impossibe to
indicate the position of the critical point which is reache
when the attak rate is less than '04 per 1,000 Still, since
the theoreticd possibility existed it seemd well to tes the
influenza data in its light. The resut of using the methdl
describel in the memor of Greenwod and Yule cited
abowe on the statistics of towns was to demonstrag that the
discrepancie could not be interpret& in this way. The
correlatin of attak rates upon immunisel and unimmunised
which on the theowy would be very large was found to be but
moderate We hawe failed to reconcik our heterogeneou
resuls in this way and rejed the explanation

We now pass to the secom hypothesis

It is known that different strairs of an organisn equally
lethd for experimenth animak may differ in their utility for
stimulating the productian of anti-bodies Evenin the instan@
of b. typhosus, Hookerr and Weiss} haw though that a
classification might be base upon antigent powers It might
be that even were the preci®e materies morbicomma to two
localities its immunising efficiency varied the Leiceste strain
might be more potert than the Mancheste variety.

In a recen discussim of the epidemioloy of phthisis
Dr. Brownlee has offered reasos for thinking that epidemiole
gically considerd the diseas breals up into three types one
having its maximum incidene® upon early life, a secom form
prevailing in middle life, a third form chiefly affecting the
declining years

It was shown that the gros deah rates from phthisis in
various English registratiom areas could be reproduce by
combining the three typicad rates in different proportions and
that in thos districts in which the middle-ag type was pre
dominant phthisis as acau® of deah was sensitie to variatiors
of the socid environmen (overcrowding poverty, &c). It
should be understod tha the analyss into three types does
not imply that no young persors die of " middle age " phthisis
or that no old persors die of "young aduk phthisis® The
nomenclatue is derived from the position of the maximum
in the severd types Thus the decennih deah rate per
thousam was estimatel to be at age 20-25 459 from the

* Journal, Immunology,1916 II., 1.
Journal, Medical Research, 1917 XXXVI1, 135
T Medicd Researh Committee Specid Repot Series No, 18.
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"young adult," 211 from the "middle age; and 23 from the
"old age " type ; a ages 25-35 the three contributiors would
be at the rate of 422,36 and 36. Were two communities to
receive infection of, in one "middle age) in the othe of
"young adults' type, deatls would occu at all agesin both,
but the position of the maximum rate of mortality would not
be the same in both. From the point of view of immunity it
would appea that a communiy chiefly infected with " young
adult" phthisis might derive little or no beneft from, say
tuberculn derivaed from cultures of the variety of bacillus
responsibé for "middle age " diseag ; Brownlee has suggestd
that a reconciliatim of the conflicting testimonies as to the
value of tuberculh treatmen might be sough in thes
epidemiologich results

It is evidert that on this hypothesis one indication of
differentiation would be provided were the age distributiors
of attak significantly differet in homologos epidemics

TABLE 6.

Manchester and Leicester.

‘Age Group. Manchester. Leicester.*
SuM/MER.
0-5 - . . . . - 44 23
5-15 - . - - - - - - 180 82
15-25 - - - - - - - 131 73
25-45 - - - - - - - 261 117
45 and over - - - - - - 93 30
Total - - - - 709 325
AvuTjUMN. -
-5 - - - .. 84 93
5-15 - - - - - - - 136 198
15-25 - - - - - - - 54 108
2545 - . - - o .. 151 214
45 and over - - - - - - 48 65
Total - - - - 473 678

* This table has been constructd as follows :—

The Leiceste rates at ages hawe been applied to the Mancheste age groups and
the totals proportionatey increasd or reducel to bring the totd numbe of
cases at Leiceste into agreemenwith the observe total. The probability
that the two distributiors might hawe arisen by sampliy a commm
populatia is, for the summe pair, 30, for the autumm pair, 1.

In othe words ther isno strorg evidene of age differentiation in attak rates
as a whole we cannd asser that the observe differen@ is too grea to be
plausibly credited to chane fluctuations
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Thus, there is a grea divergene betwea the immuno
logicd resuls in Mancheste and Leicester if we found
either that the two summe epidemic or the two autumm
epidemis were not in pari materia from the point of view
of age incidence then it would be a priori probabke that
we were dealirg with different epidemiologich facts and
Brownlees cae would be in point If the tes of homo
geneiy due to Pearsoh be applied to the pair of summe
and also to the pair of autumm epidemis of thee sample
(Table 6, p. 147 it isfound that the chance that what differene
there is might be due to randan error of sampling are quite
substantial Hence sofar asthe age inciden® teg is concerned
no differentiatim can be established It is, however a note
worthy faa that Haileybury College the one public schod
which recordedno sensibé protection in the autum as a
consequene of summe attack is in striking contras to Clifton
(which showea a ,summer-autum advantagg by virtue of
conferring an apparenty considerald immunity agains winter
illness  This resul is explicabk in terms of a type differentia
tion, althouch naturaly one such contra$ is not enoud to
prove the proposition Since quite as grea differences emerg
amongs$ the towns or amongs$ the schoot as separa¢ any town
from arny school it is plain that variatiors of immunity cannd
be due to the differene@ of environmen betwee& an urban
working clas population and the pupils of a public schod or
to the differene betwee age homogeneif and heterogeneit of
contacts

It is much to be regrettel that the extert and nature of our
materid do not suffice eithe to prove or disprowe this hypothess
of type distinctions since it is of capitd importance If the
differene betwee Clifton and Haileybuly or between Mancheste
and Leiceste isnot due to some methodologich error and cannd
be explainal by sone environmenth cau® which has escapd
us, but really depend upon an essentih variation of the
materies morbi, then vaccinatim with the Mancheste or Hailey-
bury materid derivad from summe cass would hawe had very
different resuls from thos of the exploitation of the Leiceste
or Clifton material It may even be that the variatiors of
vaccind resuls reportal by different observes do not mean
that all were without value and the differences merely randan
or explicabk as gross methodologich errors (which often arise
by contrastip ca® rates derived from different stage of an
epidemic)

It may be that the immunologicd value of the inocularn
was not the sane for different epidemicst This doult will only
be resolval by a combination of experimenth and epidemio
logica research attention being paid to the particula biologicd
charactes of materid derivad from different locd outbreaks

* Biometrika, 1911 VIII., p. 250 T Vide supra,p. 118
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Measurs hawe been taken to clea up this point, althouch we
naturally hope that the opportuniy for so doing, only provided
by a widespred epidemi¢ will not be afforded

It may now be askal whether in view of this divergence
we are of opinion that on the avera@ it is likely that
some protection is usualy conferred whethe in terms of
our unproven but plausibke explanation homologos strairs
are commone than heterologos strains It is a delicate
tak to pick and choo® datg but had we to give a pref
eren@ we shoud suppog tha the data collected at Cam
bridge by Dr. S. M. Copeman F.R.S, are mog likely to
represeh average conditions These dat were compilad
with especia carg the informans were educatd men and
their places of exposue to risk in the summe epidemc
were widely scatterd (only a smal minority were in residene
at Cambridge throughou the epidemics) Thes dala shav a
Consideral# immunising powe in the summe attacks and we
conclude althoudh with naturd hesitation that it is probabe
on the avera@ that an appreciabé degree of active immunity
was attainal by those who passd through an attak of influenza
in its first and mildegs manifestation There isles evidene
that the active immunity afforded by an autumm attak was of
red value

A corollaly of thee deductiors is that, althoudh a naturally
acquirel immunity is often a valuabk safeguard and its
existene a justification for the further study and applicatio of
artificial immunisation the communéa value of any immunisa
tion proces is not sufficient for us to reckm it as at all likely
to preven the recurrene of epidemis in the future of the
surviving generation

We should add with referene to the question askal by Sir
Frederik Andrewes (supra, pp. 118-119) that the lower inci-
dence of influenza upon the inoculatel strengh of the Home
Forces is not cogen statisticd evidene that inoculatin did in
fact confe@ an immunity. Three inoculatiors appea to hawe
been carried out during the epidemi¢ and of course thos
attackel were not subsequenyl inoculated the period of
exposue to risk was not the same for the classs compared
being on the average less for the inoculated No conclusim
therefoe can properly be drawn from the fact that the attadk
rate upon inoculatel men was below the average




