
MSAY I2, 1928] CALMETTB'S STATISTICAI BtUDY OF B.C.G. VACCIATION. IMA 793

REERENCES.
Smith, Priestlev: The Eve of the Ox and its Internal Bloodvessels, Brit.

Joeurn. Ophthalmol., 1921, p. 385.
2 Bryson: The Capillary System in its Relation to Clinical Symptoms,

Reports of St. Andrenrs institute for Cliniical Research, vol. iii, p. 35.
3 Herring, P. T.: The " Law of Fluctuation " or of Alternating Periods

of Activity and Rezt. in Living Tissues, Reports of St. Andreui s
In8titute for Cliniical Research, vol. ii, p. 133.

Dale, H. H., and Richards, P. P.: The Vaso-dilator Action of Histamine
and some other Substances, Journ. Phiysiol., 1918-19, vol. 52, p. 110.

* Derby, Waite, and Kirk: The Light Sense in Early Glaucoma, Trans.Oph1thal. Soc. U.K., vol. 45, pt. 1, 1925, p. 301.
6 Bur(lon-Cooper: The Conservative Treatm-lent of Glaucoma, British

Medical Journal, 1925, ii, p. 510.
7Meesmann, A. (Berlin): Contributions to the physical chemistry of the

modification of the intraocular fluid under normal and pathological
conditions, particularly in glaucoma. Arch. f. Augenheilk., vol. 97,
1925.
Noah Morris and Stanley Graham The Regulation of the Acid-base

Balance of the Body, Glas. Med. Journi., March, 1928, p. 239.
&Hamburger, Carl (Berlin): The New Treatment of Glaucoma, see

abstract by Harrison Butler in British Journial of Ophthalmiiology,
vol. xi, p. 239.

Bailliart and Magitot: The Behaviouir of the Circulation in Glauicoma,
Ann. d'Ocull., 1925.

PROFESSOR CALMETTE'S STATISTICAL
STUDY OF B.C.G. VACCINATION.

BY
M. GREENWOOD, F.R.C.P.,

PROFESSOR OF EPIDEMIOLOGY AND VITAL STATISTICS IN TIE
UNIVERSITY OF LONDON.

IN the January issue of the Aunales (le l'Iistititf 1asteill-
Dr. Calmette publishes an article' oii the statistics and
results of his method of prophylactic inoculation from July,
1924, to December, 1927. Dr. Calmette's earlier report2
was subjected to some little criticisnm botlh in the editorial
columns of the Brttish Medical Journa13" and from indi-
vidual writers5 6. riecetly Dr. Monod7 has expressed the
hope that the latest report might allay the doubts that
had beeni expressed as to the sufficienicy of the statistical
evidence.

Briefly, the objectionis w-Iiiel r-elce ulrged against the
earlier report were these: (1) tllat the eniormous i'ate of
imortality from tuberculosis said by Dr. Calmette to apply
to the children of the tuberculouts, or to children exposed to
massive infection, in the first year of life was deduiced
from inadequate data or depenided upon misinterpreta-
tions of published literature, and did niot agree rith such
evidence as that of Kjer-Petersein and Ostenfeld8; (2) that
the positi-ve evidncne of a statistical kind supplied by Dr.
Calhette was amiibiguous.

Thus, witlh reslect to the first objectioni, I poinited out
that Weinberg's -very careful statistical study lhad been
misrepresenited; that, far fronm supporting the suggestion
that anything like 25 pler cenlt. of the childreen of the
tuiberculous died of ttuberculosis in the first year of life,
Weinberg's figur-es were in reasonable agreemenit with those
of Kjer-Petersen anid Ostenfeld, Bergmani,9 and DOrner 10
making the rate of mortalitv of the order of 5 to 10 per
cent. rather than of 25 per cent. Witlh respect to the
seconid objection, I shiowed that the data liandled by Dr.
Biraud, who used an adequate method of analysis, became
so scanty withini a few months of birth that it w-as dlifficuilt
to lhave great confidence in the inifereiies-prinia facie
favourable-which appeared to be deducible fromn them.
An attentive study of Dr. Calmette's latest paper leads

me to think that its distinguished author has either niot
read or niot understood the criticisms of his former report,
because, to put the matter quite plainly, this new paper
repeats and even- exaggerates former inlaccuracies wlhile
introducing statistical errors peculiar to itself. I take first
the contention that Dr. Calmette has again misrepresented
the published work of other wr-iters. Of Weiniberg lie
writes under the headiing Aiortalitl par Tubereulose dles
nourrissons de z6ro a' on an, ves et Her s en iiilietu
bacilliftre:
"D'autre part, une statistique (deja ancienne, mais portant{; stir

un grand noinbre d'enifanits) publi6e par Weinbe'rg, avait etabli
qu'a Stuttgart, de 1873 a 1889, la morlaIit6 des enifaits de z6ro

a un an par tuberculose dtait due: pour 30, 53 p. 100 a la tnere
tuberculeuse; pour 29, 88 p. 100 au pbec tuberculeux; pour 31,
92 p. 100 i la fois a la mnAre et au pvre tuberculeux."
This passage repeats the misrepresentation to which atteni-
tion had already beeni drawn. The figures qcuoted are iiot
for the mortality from tuberculosis, but from all causes,
anid, at the same epoch, the death rate in the first year of
life of children of mothers who were not tuberculous was
as higlh as 23.82 per cent. The presenit misrepresentation
is rather worse than that of the first report (p. 210),
because there the attributio-n of the niortalitv to tuber-
culosis was not quite so explicit.
Of Kjer-Petersen and Ostenfeld's recent work (again in

the section dealing with m-ortality from tuberculosis in the
fir-st year of life), Dr. Calmette writes that they
"nW'o--it enregistrd, pour 245 nourrissons suivis par eux, qu'une
mortalith de 7,7 p. 100 de zdro i un an. Mais il faut remarquer
d'abord que les 245 nourrissons dont il s'agit ne comprennent pas
seulement des enfants nes dc m&es tubercutletsess, mais aussi et
suitout des enfants qui ont simplement et6 en conitact, pendant
une periode plus ou moins longue, avec un tuberculeux."
The mortality rate of 7.7 per cent. in Kjer-Petersen anid

Ostenfeld's series is the rate of mortality from all causes-
namely, -19 deaths among 245 children, and of these 19
deaths only 12 were assigned to tuberculosis. The complete
specification in the paper is as follows. Tuberculosis:
3 from tuberculous meningitis, 5 from pulmolnary tuber-
culosis, 1 fr-om abdominal tuberculosis, 1 after oper-ation
for tubereiulous -disease of the ear, 2 from -generalized tuber-Iculosis. The other deaths were thus classified: 1 cholerine,
1 influenza and inflammation of the lung, 2 measles and
iniflammationi of the lung, 3 inflammation of the lung. [f
uwe assume that the last thiree were really instanices of
tuiberculous infection we shall reach 6.1 as the percentage
death rate from tuberculous disease.

Tlie authors set out their categories quite clearly, and
one finds that 101 of the children had the mother or both
parents tuberculous, and of these 101 children 4 died of
tuberculosis, wh-ile the remaining 8 deaths from tuber-
culosis occuirred among the 116 children whose fathers only
wvere tiuberculous. In other words, these data show a
higher incidence of fatal tuberculosis upon the children of
tuberculous fat1lci-s than upon the childien of tuberculous
viothicrs.
The fundamiiental importance of Kjer-Petersen and

Osteiifeld's paper depends on the fact that it is basod
uponl data compiled on statistically sound lines. Their
neanis of access wvas the tuberculosis station of Copen-
lhagen. They obtained a record of all births from July 1st,
1919, to June 31st, 1925, to families with at least one case
of open tuberculosis, and they have excluded from the
series instanices where the- child was born at least a montli
after a tubereculouis fatlher's death, or- was isolated from tho
mother dluring thle first year of life; that is, their data
should give a maximal incidence for the class of popula-
tioni conicerned. I -shall return to the point later; at
present I am morely describing Dr. Calmette's treatment
of his sources. It is, I think, evident that no reader
of his report who had not had access to Kjer-Petersei
and Ostenfeld's paper (the locus of publication of wlhiel
is not given by Dr. Calhiette) could have formed a just
inipi-ession of what these authors actually did.

Thle niext example of Dr. Calmette's literary researches
is ev-en more interesting. On page 7 of the report under
notice we are told that:
"Mairarete Roepke, dans un tableau qui rdsume l'histoire do

78 enifants, trouve une mortalitd de 30.8 p. 100 pour les nourrissons
en conitact avec des malades arrivant a la pdriode ultime de leur
tubericulose; de 25 p. 100 lorsqu'il s'agissait de Iesions avances,
tanidis que la mortalitk 6tait nulle lors des contacts avec des
formes 16g6res de la maladie."

Dr. Calmette does not actually give a reference to the
locUs of publication of M. Roepke's paper, but there is nio
doubt that the paper in question is that printed on
pages 252-263 of vol. 54 (1923) of the Beitraigc zur Klini7i
dccr Tj'ibec kulose. Thle source of the above-quoted state-
inent of Dr. Calmette is in fact the following table, which
1 hlave takenl from Frl. Roepke's paper (p. 260), the onlly
change I havle made beinlg to tranllsate the letterpress inltO
Enlglishl.
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TABLE IV.-Mortlity from Tlaberculosis of Inifantts Exposed to ant
Imifection, it Reltation to the Severity of the Disease in tle Carrier
01o Iiifectim..

Calriers or
Infant3 in Families wvth
Infectious Tuberculosis. Tn the

Last Stage. Adanced.

Infect^d ... ... 23 10 7

Not infected. ... 13 3 1

Total number of
infants 36 13 8

Deaths from tuber-
cul sis ... ... ... 6 4 2

Percentage deaths of
exposed to ri k 16.7 30.8 25.0

f Infection.

Slight. Not
Reported.

5 1

8 1

13 2

0 -

The reader will recogniize in this table Dr. Calmette's

percentages of 30.8 amid 25, but what, he will ask, is
the source of the 78 infants upon whiclh, according
to Dr. Calmette, tIme table is based? The answer is that
if one adds up all the figures in the second column except
the p)ercentage, the sumln is 23+13+36+6=78; that is,
we reaclh 78 by ecunting all the children who survived
twice and all those who died three times! It is not easy
to under stand how this mistake could have been made,
because even a person completely ignoranit of German
and witlhout a dictionary would surely wonder why there
were four categories of absolute figures, and wouild have
noted that 6 is 16.7 per cent. of 36, not of 78. However
this may be, the simplc fact is that the percentage rrortali-
ties of 30.8 and 25 are based respectively upon 13 anid 8
observations.

No further remarks upon Dr. Calmette's treatment of
literature seem neededl. pass now to the conitention that,
in the present report, in addition to repeating errors in

the citation of the literature, Dr. Calmette has introduced
statistical errors of a novel kinid. On page 11 of the

report there is a section headed " Enfants vaccin4s depuis
moins d'un an an ler d4cembre 1927." The first para-
graplh of this section reads as follows (italics are as in the

original):
" Sur les 5.749 enfants qui figurent dans notre ficier, 3.808 ne

sont vaccin6s que depuis moiiis d'une ann6e au ler decembre 1927.
A cette -date, on avait compte parmi eux 118 deces dont 34 par
maladies presumees tuberculeuses. Leur inortalitM gen6rale (par
toutes causes de maladies) etait done de 3.1 pour 100, alors qu'en
France..la mortalite g6n6ralc des non-vaccines, avec ou sants contact

tuberculcux, est de 8.5 pour 100 ngs vivants. La snortalitE
g6n&erale de zero a un ant cst donc de plus de inoitie mnoindre chez
Ics raccin6s ce? contact tuberculeux que chez leas non vaccim6s acec

ou sans contact.-
Now the ratio of 8.5 per cent. is the ordinary measure

of mortality in the first year of life; that is, it purports
to tell us-and, urnless the fluctuations of na-tality or
mortality from montlh to month and year to year are very
large, it does effectively tell us-what is tIme proportion of
live-born children who, being exposed to risk of death
for a whole year from birth, will actually die within that
year. But the 3,808 cllildren in Dr. Calmette's report
are definitely stated to have been vaccinated less thain a

year from the date of closing the observations. Therefore,
if tIme record of mortality extended from birth to the first
anniversary of birtlh it covered some part of the first
year before they hlad been vaceinated at all; if it only
covered the period during' which the infants belonged
to the vaccinated class it is not a record of the mortality
of the whlole of the first year of life, but only of a part
of that year. On either hypothesis the ratio of the number
of deaths to tlhe number of children cannot be compared
vith the rate of mortality in the first year of life. From
a consideratio-n of the details printed amiiongst Dr.
Calmette's documents it would appear that the second
method was that adopted in compiling tIme data. Omitting
threo cases of death after the age of 1 year it is found
that no less than 38.26 per cent. of the total deaths were
at ag,es 6-12 montls, and only 12.17 per cent. in the first
niontli of life. It is well known that the greatest propor-
tjua of deatlhs in the first year occur in the first mionth of

life. Thus in England and Wales (1l26) 45.38 per cent.
of the total deaths under 1 year occurred in the first
month of life,, alnd only 23.28 per cent. at ages over
6 months. The explanation of Dr. Calmette's figures is

presumably that he is dealing witlh the mortality, not from

birth, but from (onl the average) an older age, hence thet
large proportion of detaths at older ages. An elementary
mistake in the handling of statistics lhas been made, and
a mistake which would necessarily show a result favourable
to any treatment.

I do not thilnk that it is necessary to examine Dr.

Calmette's statistical metlhods further; it seems to me to
be proved that tlhe latest report, where it differs from its

pr(edecessor, differs fr om it for the worse, anid that it

cannot be regarded as a serious contribution to scientific

literature at all.
If tho question were merely one of academic discussion

it might well be left ther e-indeed, it might well never

have been raised. To paraphrase Mr. Shaw, Dr. Calmette's
exciursion iiito statistics miglht properly have been received

with that silence wlhich falls upon ordinarilv good-natured
people wheni a man of distinction offers, as his contribution

to the discussion of a matter he has never studied, an

absurd blunder. But it has been suggested that those wlho
are unable to accept these strange bibliograplhical anid

statistical methods are indiffer ent to the possible impor-
tance of the subject in its practical applications. As a

statistician I natur ally attaclh value to the statistical

method as an instrumelnt of researelh. If a scientific man
claims that he has proved by some other method than the

statistical that such-or-such a meanis of treatment is good,
I am naturally not very ready to believe him; but I nieitlher
have nor claim the right to impose my belief upon others.

If Dr. Calmette had stated that, onl experimental grounds,
ho was satisfied that his method of vaccinationi was a valu-

able prophylactic, and had confined himself to the kind of

reasoniing contained, for instanice, in tlhe first pages anid
the fifth anid sixth sections of his report, I slhould not have

been convinced because, inter alia, I do not- understand
how a living vaccine-that is, sonmething quantitatively
indeterminate--can be a satisfactory means of therapeusis;
but I should have felt that my kniowledge of the literature
and technique of modern immuniology was so amateurish
that it would have been an impertinence to bandy words

with ani investigator who has devoted his life to such

studies. But Dr. Calmette has not adopted this course;
he has deliberately appealed to tIme statistical method, and,
in my submission, his use of that method has been so

gravely defective that no confidence canl be placed either

in his statistical inferences or in the reliability of the data

which he has assembled. The collection of data is at least

as delicate a business as their analysis, and a writer whio
shows so little respect for logic in analysis is not likely to

have been more circumspect in assembling data for analysis.
I see no hope of obtaining statistical data from France.

If an appeal is to be made to statistical methods in other
countries, we slhould be quite clear what conditions have

to be fulfilled to give the statistical court jurisdiction.
If we confine ourselves to the case of the incidenice of

fatal tuberculosis in the first years of life, and desire to

learn whether a particular treatment applied at tIme

beginning of life reduces the risk of death, our first

difficulty is the smallness of the material. The total

number of registered deaths from all forms of tuberculosis
at ages under 1 year in England anid Wales in 1H26 was

only 862, or 1.8 per cent. of the whole number, 48,757, of

deaths under 1, and 1.24 per 1,000 of the total number of

live births, 694.563. Suppose, then, V`e were to take by lot

every tenth registered live birtlh anld to divide the -sample
of, say, 70,000 live births into two sets of 35,000 each,
to treat one moiety and leave the otlher as a control series.

We should expect, on the average, some 43 deaths from
tuberculosis in tho control series, the expectation being

subject to an error of samnpling of approximatelY 6.6. If,

then, in the treated series thero wvere 23 or fewer deatlhs
from tuberculosis, weo should r1easob)ll colnc-11(le that it

was easier to believe that tlho trcal'm-emm t lha(l really been

bemleficial than that a vceiy improlably Itarge divergence lhad
arisen by thlo luck of sanpling. Suchi a comparisgon, if the

conditionis of random samplingLi ad Cell strictly fulfilled,

r TRw liarTis
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would be perfectly satisfactory. But in actual practice the
larger the " samlple " the less probable is it thlat the con-
(litionis wvill be fulfilled, and the possibility of controlling a
saml)le of the order of 10 per cent. of the whole annual..
births is virtually all impossibility. Take a less ambitious
scheme, and suppose that in some town. of moderate size,
a town of some sixty or seventy thousand inhabitants, with
all annual quota of, say, 1,000 births, the children could
be treated randomly-for example, every second child
whose birth was registered from January 1st in some
year to be treated. We should expect on the average
less than one registered death from tuberculosis in the
control 500, and no strong presumption of advantage would
be raised by a nil return from the treated series, taking
only a year's experience.

Evidently it was a sound instinct to seek for a decision
amongst the class of material where a higher rate of mor-
tality w'as to be expected. That is the significance of Kjer-
Petersen and Ostenfeld's work. What can we conclude
from their investigation as to the probable range of mor-
tality in the first year of life of in-cantacts? We can, of
course, at once dismiss the preposterous suggestions of rates
of mortality of the order of 25 per cent., even from all causcs.
Had such a rate really prevailed in the population sampled
by Rjer-Petersen and Ostenfeld, their --" expectation
w-ould lhave been 61 deaths with a standard deviation of
6.77. Actually they observed 19, and thle odds against such
a. deviation as 42 are of- the- order of a thousand millions
to. one. If, however, one might l)ostulate a rate of mor-
tality from tuberculosis in the first year of life even of the
order of 5 to 10 l)ei cent., the comparison of samlles of
ordei 500 would not be waste of time. We should expect

in our control 500 from 25 to 50 (leatlis, and if the treated
sample returned,- say, only some 15 to 30 or fewer deaths.
a case would have been miade out whichb wfAould be raathlerl
strong. Whether it would be l)ractically 1)fsihle to uise
this method, here or in Anerica, it is hai'd to sav. The
number of instances of births in families with one or lmlore
cases of open tuberculosis which come to the notice of the
public health authorities within any one area aend within
a limited period of time is small, and the difficulty of strict
random sampling is great. We are concerned, not with
guinea-pigs, but with human beings, and it is not casy to
induce those who have the medical charge of human beings
to administer to any of themi a treatment which they regarld
as worthless, or to abstain from administering to any of
them a treatment which they regard as Calualle. None of
us can dramatize this conflict with the art of Mr. Sinclair
Lewis in Martin A rmoi(l-ith,, but all of us have, to a
greater or less degree, parti ipated in it. 1 do not expect
that the value of B.C.G. wzill be determined on t-hlese lines.
Like most methods of tie stment, its usew or neglect will be
determined by psychological considlerations. But to the
still small, but incriasing, nuumoer of medlical men who
attach importance to statistical accuracy it is of some
m.oment that methodological eriors having the sanliction of
the nanae of a distiigouished investigator slmould at once
be pointed out. T1hat is my season for writing this a'rti(le.
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VITAL CAPACITY IN HEART DISEASE.*
BY

H. WALLACE JONES, M.Sc., M.D., M.R.C.P.,
SENIOR HONORARY ASSISTANT PHYSICIAN, LIVERPOOL ROYAL INFIRMARY,

(From the Heart Department of the Royal Infirmary.)

IT h1as been the aim .of investigators for juaiy years to
(devise sonl- simlple test to estimate the ftunctional capacity
of the heart, apart from the subjective sensations of the
patient. Many tests have be-en introduced fromi time to
timie for this lpurl)ose, based as a ride on the response
of lthe heart to some form of exercise-the simplest consist-
inig of taking, the IplIse rate b)efore. a fixed *almotnlit of
exercise, immediately after tile exercise lhas cl(eed, and
after an interval of a few minuftes. Ani exercise tolerance
test of this type has largely been minade uIse of by the
Ministry of Pensions for purposes of assessment of cardiac
disabilitie.
A test like this one, bas'ed on changes 'in the p)ulse rate,

1owevlery, is open to the objectioni that it is more a measure
of the excitability of the sino-auricular node than asn indli-
cation of the capacity of the heart, alxd depends on miany
other factors quite independent of the cardiac reserve
power. After vital capacity had been introduced as a
measure of the extent and progress of certain lung con-
ditions this test was applied to. patients suffering from
cardiac disabilities by .several. observers (see references
1 to 4), wiho found that the vital calacitv was very
muclh below normal standard when any serious cardiac
coildition was present; while Peabody and Wentworthi3
also drew attention to the fact that there was a definite
relationship between dilninution in tile i-ital capacity and
a tendency to dyspnoea on exertion.
Before considering the changes which occur in cardiac

patients it is advisable to consider what is meant by vital
capacity. Hutchinson5 many years ago divided the volume
of air in the lungs into the foLlowig (divisiolls:

1. J?(sididal air-air which cannot be expelled and is left in
the lungs.

2; ftcs(rc (air-air which can be expelled by effort at the end of
normal expiration.

3. T'idal abir-air which is inspired or cxpired during n-ormal
respiration.

4.4Complementary air-air which can be inspired after normal
inspiration.

5. Vital capacity-the sum of the reserve air, tidal air, and
complementary air--that is, the greatest amount of air which can
be expelled after t-he deepest possible inspiration.
In this investigation a siml)Ie water spirometer (Fig. 1)

has been used, graduated in cubic centimcetrvs ati lbalanced(l
so that no effort is required to raise the cylinder. A large
number of glass mouthpieces w-ere provided, so that they
could be readily disinfected be-
tween each patient w-ithout loss
of time.

It is alwavs advisable to ex-
plain fully tile working of the
machine before actually taking
the measulrement, as it is
necessary to get the patient's
whole-hearted co - operation to
obtain an accurate re'sult. E.ach
1atielit was -given three attempts,
the highest being taken as the
vital capacity. In taking the
reading, if there is any tendency
to expire through the nose, this
;houkld be closed- by pinching
during expiration. When patients
were not confined to bed thle
record was always taken stand-
ing, andi gener-ally in thleir
ordinary clothes. With regard-
to the patients who were con-
fined to bed they were all able

I ..

rI4I

FIC. 1.-Wtater spirorneter.
to sit ull) in bed when taking,
the reading, so that it was not necessary to corriect
the reading for the 5 per cent. diminution in thle vital
capacity which has been shown by Christie and BWams6
aiid Rabnowiteh7 to occur when the readino iS taken in thle
recmubent position. Owing to thle variability of the vital
cal)acity; according to the height, sex, age, and race of tho
individulal. concerned, the simple rea'diug. of the number
of cubic centinmetres expired gives little indication of the
deviation fromt the ntormal, tie ending is ex)prcsed
in p)ercentages of the standar ( vital capacity for that
individual.
In this investigation the vital cai)paitv is expressed as

jercentages of the standard -vital capacity for that parti-
cular 13atient.. It woulihel out of the seo0)e of this paper
to enter into all the different methods for calculating the*Based on a paper read before the Liverpool Medical Imstitution.


