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I. 

REPORT ON THE TECHNICAL CONFERENCE FOR THE 
STUDY OF VACCINATION AGAINST TUBERCULOSIS 

BY IIEANS OF BCG 

The Health Committ~e, at its twelfth session, having consi
dered the proposal received from Professor Calmette that it 
should examine the results of vaccination against tuberculosis 
by BCG, authorised its President to convene a few experts to 
establish and submit a plan of international studies on 
this question. 

This. Conference of Experts took place at the Pasteur 
Institute, Paris, from October 15th to October 18th, 1928. 

The aim of this meeting was to establish 'the most appropriate 
methods to bring .out the immediate and remote results of 
vaccination by BCG in laboratory animals, cattle and man. 

The study of these various prQbl~ms was undertaken by 
three Commissions, made up. of b~cteriologists, clinicians and 
veterinary surgeons. The questions of common interest to the 
three Commissions were considered in plenary meetings; other 
questions of special interest were discussed in session~ of the 
Commissions. 

* ·* * 

Dr. E. Roux, Director of the Pasteur Institute, presided 
over the Conference, the Bureau of which also included : 

Professor Th. MADSEN, Directo-r of the State Serological 
Institute, Copenhagen, President of the Health Committee 
of the League of Nations. . 

D.r:. L. RAJCHMAN, Medical Director of. tM Health Organ
isation of the League of Nations, Geneva. Secretary (~x 
officio). · 

_The thr~e Commissions were made up as foilows : 

1. · Bacteriological Commission: 

Professor BoRDET, Director. of the Pasteur Institute, Brussels 
' (President); . . . . 

Professor R. KRAus, Director of the State Sero,-therapeutical 
- Institute, Vienna ; : . 

Professor NEUFELD Director of the Robert Koch Institute, 
· Berlin· ' -
Dr. TzER:~NOVITZER, · S~nitary and Bacteriological Institute 

of Ukraine, Kharkoff; • 
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Honorary Secretary: . Professor C. ~RAU~NITZ, Director f 
the Hygiene Institute of the Uruvers1ty, Breslau. 0 

The Commission invited Professor J. CANTACUZENE, Direct 
of the Institute of Experimental Medicine, Bucarest and Dor 
A. REMLINGER, Directo_r o! the. Past~ur Institute of Morace~· 
Tangier, to take part m Its discussions. • 

Mr. S. A. PETROFF, of the Bacteriological Laboratory of the 
Trudeau Institute, . Saranac Lake, N.Y., als_o presented the 
results of his expenments at one of the meetmgs. 

2. Clinical Commission. 

Professor Leon BERNARD, Professor of the " Clinique de Ia 
Tuberculose ", Faculty of Medicine, Paris (President)· 

Dr. J. HEIMBECI<, Physician at the Ulleval Hospital, Oslo: 
Professor E. NoBEL, .Pediatric Clinic of the University of 

Vienna; 
Professor G. RoNzoNr, Director of the Institute fot· Tuber

culosis, Milan ; 
Professor L. SA 'YE, Professor of the Faculty of Medicine, 

Director of the Service of Assistance to Tuberculosis 
Patients, Barcelona ; 

Professor A. ScHLOSSMANN, Director of the Pediatric Clinic, 
Dusseldorf. 

Dr. VAN BENEDEN, of the Bacteriological Institute of the 
University of Liege, and Dr. WEILL-HALLE, Director of 
the Ecole de Puericulture, of the Faculty of Medicine, 
Paris, attended one meeting of this Commission and 
related the results of the vaccinations carried out by them, 

3. Veterinary Commission. 

Professor J. NowAK, Director of the Institute of Research 
. · . in Human and Veterinary Medicine, Cracow (President); 
Professor A. Ascou, Istituto vaccinogeno anti-tubercolare, 

Milan; 
Dr. H. BERGER, Chief Jnspector of the Veterinary Services 

of the_ Netherlands, The Hague; assisted by Dr. FRENKEL, 
Vetermary Section of the State Hygienic Laboratory, 
Utrecht; 

Professor VALLEE, Director of the National Research Labor
atory of the Ministry of Agriculture, Alfort (Seine); 

Dr. ZELLER, Veterinary Section of the Reichsgesundheitsamt, 
Berlin. 

Professor GERLACH, of the Federal Institute for Comb!lting 
Cattle 'Disease, MOdling, near Vienna also attended the 
meetings of this Commission. ' 
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Professor A. CALMETTE, Deputy-Director of the Pasteur . 
Institute, Paris ; and · · , 

M. c. GuERIN, Chef de Laboratoire at the Pasteur Institute, 
Paris, took part in the proceedings of the Conference 
and of its Co:rp.m.issions. 

Secretariat : 

Dr. Y. BrRAUD, Health Section of the General Secretariat 
of the League of Nations, Geneva; · · 

Dr. E. BuRNET, Secretary of the Leprosy Commission of the 
Health Committee, Geneva; · · 

Dr. G. IcHOK, Paris; 
Dr. G. Porx, Paris. 

* * * 
The conclusions adopted hy the Commissions of the Confer

ence are the following : 

1. CoNCLUSIONS OF THE BACTERIOLOGICAL CoMMissioN. 

·' · The bacteriologists attending the meetings of the Com
mission agreed unanimously on the basis of the experiments 
carried out, that BCG was a harmless vaccine (Ascoli, Berger, 
Bordet, Cantacuzene, Frenkel, Gerlach, Kraus, Neufeld, Nowak, 
Remlinger, Tzekhnovitzer, Vallee, Zeller). 

Professor Nobel, however, held that, under exceptional 
conditions, BCG was capable of inducing fatal tuberculosis in 
laboratory animals. . . · 

The Commission considered that the mass of experiments 
on laboratory animals, published hitherto, showed clearly 
that BCG does not give 1ise to progressive tuberculosis 
(tuberculose euolutiue, progrediente Tuberkulose). . 

The Commission took note of the researches undertaken at 
the institutes mentioned in Annex I. 

* * * 
In order to make these studies comparable and to allow 

conclusions to be drawn therefrom at a further meeting, the 
Commission suggested the desirability of solving the following 
problems (set forth in detail in Annex II) : 

1. Methods to be adopted in order to maintain unaltered 
the fixed properties recognised as· characteristic of BCG. 

2. Methods to be adopted for the study.of the influenc~ 
on BCG of passages through. animals .. · " · 



· 3. Methods to be adopted for imm~nising experilne . 
determination of doses of BCG and VIrulent bacilli t~~ • 
used in them; adoption of strains of known virulence f e 
the virulent inoculations. or 

4. Methods to be adopted in the studies on the "Va • 
ability and dissociability of BCG. ri-

5. Methods to be adopted for the comparative study of 
the histological changes p~oduc~d. by inoculation of BeG 
and of virulent tuberculosis bacilli. 

6. Necessity of entrusting the preparation of BeG 
(culture make and distribution of vaccinal emulsions) to 
institut~ of recognised scientific standing. 

2. CoNCLUSIONS OF THE CLINICAL CoMMISSION. 

1. It appears from the documents of which the Commission 
took cognisance : 

1. That BCG, when administered per os to infants 
within ten days after birth, or hypodermically to older 
children and adults, was incapable of producing virulent 
tuberculosis lesions ; 

2. That, as regards the premunising properties of BCG 
against tuberculosis, a certain degree of immunity was 
induced by this vaccination. 

* * * 
Further research work upon vaccinated children, continuing 

for a more lengthy period and carried out in a uniform man~er 
-and, in particular, a fuller knowledge of tuberculosis morbidity 
and mortality among indi.viduals of varying age and environ
ment ~ are necessary before the ~ommission is able ~o p~ss 
a final Judgment on the value of anti-tuberculosis vaccmation 
with BCG. 

2. To this end the Commission requests the Committe~ of 
~xpert ~tat!-sticians of the League of Nations Health Orgam~a
tion to md1cate the best methods of collecting and analySlng 
data on the morbidity and mortality of infants, unvaccinated 
as well as vaccinated. 

3: . In order to obtain these data under strictly comi?arabl1 
conditions, the Commission has prepared a draft Ind1Vl~ua 
Case Record_ (Annex III) designed for the use of the institu~tons 
entrusted Wlth the studies mentioned above · this draft IS to 
be submitted to the Committee of Statisticians' for its o'pini?~~ 

The Commission has also prepared a standard " ChD1 f 
Case Record " (Annex IV), to which is attached a schedule 0 
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post-mortem examination, indicating the special information 
to be obtained from the autopsies for the purposes of these 
studies. . . . . .. 

The Commission Is of opmwn that these studies should 
be entrusted to a limited number of ~isp~ns~ries and hospital 
clinics. The da~a collected by these mstitutlons according to 
the method which may be proposed by the Committee of 
Expert Statisticians, making· use of the standard Clinical and 
post-mortem Case Records suggested, should be compiled and 
analysed by th~ Healt~ Se?tion of the League of Nations, with 
a view to their exammatlon by the Conference at a future 
meeting1• 

The Commission requests the Health Committee to invite 
the co-operation of the institutions that are selected for these 
studies. 

The Commission feels the more justified in recommending 
these further studies by reason of the conclusions adopted by 
the Veterinary and Bacteriological Commissions. 

3. CONCLUSIONS OF THE VETERINARY COMMISSION CONCERNING 

THE PROPHYLAXIS OF BOVINE TUBERCULOSIS. 

1. The mass of experimental data published and the 
.unanimous opinion of practitioners who have ·used BCG upon 
bovidre 'indicate that vaccination performed according to the 
technique advocated by Calmette and Guerin upon animals 
of this species is entirely innocuous. 

2. The same experimental data and the observations made 
of. the practical use of BCG upon bovidre show conclusively 
that this strain of bacilli possesses premunising properties 
against both experimental and natural tuberculous infections. 

These acknowledged premunising properties provide justifi
cation and encouragement for the extensionofthe experimental 
use of BCG in the prophylaxis of bovine tuberculosis. 

The use of BCG should be continued in the various countries 
in accordance with the international experimental protocol 
whi~h is attached, under the supervisi?n of official veterin~ry 
services aiJ,d .competent bacteriological and pathologiCal 
authorities, and in close touch with the Commission set up for 
the study of this problem by the Health Organisation of the 
League of Nations. 
. Wherever possible, the trials should be carried out strictly 
~n accordance with the experimental rules.(Protocol I_, An~ex V); 
ln ~ther cases, trials may. be made more m conformity With t?e 
ordmary conditions of cattle-rearing, under continuous offiCial 
.supervision (Protocol II, Anne..x. VI). 

I Professor NEtJPELD Director or the. Robert Koch Institute, Berlin, gener
OUsly O!Tered the hospita'lity oi this Institute for the. next ConCerence on BCG. 



ANNEXES TO THE RESOLUTIONS OF THE TECliNICAL 
CONFERENCE FOR THE STUDY OF THE VACCINATION 

AGAIN~T TUBERCULOSIS BY BCG 

Austria: 

Belgium: 

Canada: 

Denmark: 

Fr(,Uice: 

Annex I.·· 

RESEARCH INSTITUTES 

State Sero~therapeutical Institute, Vienna. 
Federal Institute for Combating Disease of 

Cattle, Modling, near Vienna. 
Institute of Pathological Anatomy of the 

University, Vienna. 

Pasteur Institute, Brussels. . 
Bacteriological Institutes of Liege, and Mons. 

· Laboratories working on behalf of the National 
Research Council of Canada. 

State Serum Institute, Copenhagen. 

Pasteur Institute, Paris. 
National Research Laboratory of the Ministry 

of Agriculture, Alfort (Seine). 

Germany: Robert Koch Institute, Berlin. 
Laboratories of Bacteriology and Veterinary 

Medicine of the Reichsgesundheitsamt, 
Berlin. 

Institute of Experimental Pathology, Frank
fort. 

Pediatric Clinic of the Academy of Medicine, 
Dusseldorf. 

Institute for Tuberculosis Research (Professor 
~rauer), Hamburg. 

Hygiene Institute of the University, Breslau. 
Great Britain: Laboratories working on behalf of the Medical 

Research Council of Great Britain. · 
Holland: Veterinary Section of the State Hygienic Labor-

atory, Utrecht. 

Italy:· Istituto- vaccinogeno antit~bercolare, Milan. 



Morocco: 

Poland: 

Roumania: 
United States 

of America: 

U.S.S.R.: 
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Pasteur Institute of Morocco, Tangiers. 

Institute for the Experimental St~dy of Human 
and Veterinary Pathology, Cracow. 

Serological Institute, Bucarest. 

Laboratories of the New York City,Department 
of Health, New York City. 

State Bacteriological Institute, KharkofT. 

Annex II. 

PLANS FOR FURTHER BACTERIOLOGICAL STUDIES 
ON BCG 

2. METHODS TO BE ADOPTED FOR THE STUDY OF THE 
INFLUENCE ON BCG OF pASSAGES THROUGH 

ANIMALS (Professor A. Ascou and Professor BoRDET). 

The experiments must apparently consist of: 

(a) Injecting into new animals the inflammat01·y exudate 
taken at the site of inoculation after varying periods following 
the injection of BCG into these animals. 

(b) Microscopic study and culture of this exudate; search 
for BCG and other micro-OJ:ganisms which might also be presel!t. 
If BCG can be obtained from the culture of the exudate, xts 
virulence must be determined as well as its biological properties 
in order to establish whether BCG can be considered as a 
definite type of organism with definitely fixed characters. 

3. METHODS TO BE ADOPTED IN THE IMMUNISING EXPERIMENTS. 

A. - Experiments proposei by Professor Cantacuzene and 
Professor Vallee.. · 

The experimental animals selected will be guinea-.pigs, 
rabbits, monkeys and bovines. 

~· The doses of BCG will vary according to the animal 
spectes considered and the route of administration selected 
oral, subcutaneous, intracardial and intravenous routes). The 
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doses are those prescribed by the authors of the methods, i.e 
0

• 

Guinea-pigs (8 to 30 days old) : ··· 
Subcutaneous: 10 injections of 2 mgr f 

BCG at 48-hour intervals. · 0 0 

Oral route: 6 meals of 10 mgr. and 4 of 
20 mgr. at 24-hour intervals. 

If the intracardial route is preferred, 1 single injection of 2 to 
5 mgr. of BCG. 

Rabbits (15 to 20 days old) : 
Oral route: 10 doses of 20 mgr. each at 

24-hour intervals. 
If the intravenous route is preferred, 1 single injection of 

20 to 30 mgr. of BCG. 

Monkeys 

Bovines: 

(pithecians and chimpanzees) : 
Subcutaneous route : 1 single inoculation of 

50 mgr. of BCG suspended in 10 cc. of a 
fluid made up of one part of Santon's 
solution to three parts of normal saline 
solution. ' 0 

Oral route : 5 meals each of 50 mgr. of BCG 
within 8 or 10 days. 

One single subcutaneous injection in the dew
lap of 50 mgro suspended in 10 cc. of a 
fluid made up of one part of Sauton's 
solution to three parts of normal saline 
solution. 

2. If the Vallee strain of tubercle bacillus is used for the 
virulent test inoculations, the doses of this organism mlfst be 
as follows: 

Guinea-pigs : 

Rabbits : 

Monkeys 

Subcutaneous route : eye-instillation a'f~e~ 6 
weeks of 1 drop of an emulsion contaimng 
1 cgr. of bovine bacilli per cc. 

Oral route : 2 infecting meals of 5 mgr. each 
at 24-hour intervals (3 months after vac
cination). 

Intravenous route : 2 months after vaccina· 
tion, inject 0.01 mgi-. (or even 0.0001 mgr.). 

Oral route : 3 months after vaccination, two 
infecting meals of 10 mgr. each at 24-hour 
intervals. 

(pithecians and chimpanzees):: 
Subcutaneous route : ·lflOO,OOOth of a mgr. 
Ora~ route : 2 meals of 1 mgr. each at 48-hour 

mtervals. · 
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Intravenous inoculation: according to the 
animal's size, 3 to 5 mgr. of virulent bacilli 
(1 month at least after the premunisation). 

If other strains than the Vallee strain are used, the doses 
given above must be considered as optimum. 

B. - Experiments proposed by Professor Neufeld. 

1. Experiments of Parallel Vaccination in Bovines: 

(a) With BCG. 
(b) With a culture of tubercle bacillus of human type and 

of normal virulence in the guinea-pig. 
The vaccinations (premunisation) should be practised with 

the same technique for both vaccines, though with possibly 
different doses, either subcutaneously or intravenously. 

The subcutaneous route would have the advantage of resem
bling more closely the vaccinations already made with BCG; 
the intravenous route (preferable in my opinion) would have the 
advantage of enjoying a more precise technique, dosage, etc., 
thanks to the great number of experiments (Behring, Koch) in 
which it was used and proved more efficacious. 

Whatever route may be selected, it is absolutely necessary 
that in every case the test inoculation be carried out on the 
vaccinated animals and controls on the same day and with the 
same bacillary emulsion, i.e., made up from the same culture 
tube and not only with the same strain. 

This strain should be of a virulent bovine type ; it should be 
injected intravenously in sufficient doses to kill all control 
animals in a few weeks. 

N.B. - These experiments are not intended to show the 
immunising properties of BCG, which are already recognised, 
but to measure quantitatively the latte1· by means of a process 
recognised as capable of giving 11uch ~.measure. 

2. Reproduction of the Monk~y Experiments (Wilbert's and 
others) : · · 

Premunisation with BCG: (a) per os; (b) subcutaneously. 
The virulent test inoculation might be done through any 

~oute, but at doses certainly fatal to the controls. 

3. Laboratory Experiments: 

. Experiments resembling as closely as possible those publis~ed 
hitherto concerning human premunisation with BCG, z.e., 
premunisation with smaller doses than those used in most of 
experiments·published hitherto: (a) per os; (b) subcutaneously. 
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4. METHODS TO BE ADOPTED FOR THE STUDIES ON l'Ii:E 
VARIABILITY AND THE DISSOCIABILITY OF BCG 

(Professor KRAUS, Professor TzEKHNOVITZER 
and Professor VALLEE). 

It is essential, if aberrant. forms be discovered, that their 
bacteriological type be deternuned (separate!~ for each). With 
this' in view, one should u~e the va,nous contnvances ?f culture 
and inoculation to 'the var10us species of laboratory ammals and 

. to bovines. 
The culture obtained from solid media and inoculated to 

bovines should be weighed with the utmost care so as to 
determine the weight of bacterial bodies employed. The bacilli 
should be suspended in physiological saline solution. A certain 
number of animals should be inoculated in the jugular vein 
with doses of 2 mgr., others of 5 mgr. ; in others 10 mgr. should 
be injected under the skin of the dewlap. Any animal not 
dying spontaneously will be killed and autopsied one year only 
after the inoculation. 

If lesions are found at autopsy, one should· attempt the 
isolation of the bacilli contained therein; if the lymph-glands 
corresponding to the lungs do not show any lesions, they should 
even then, be inoculated under the skin of guinea-pigs. ' 

Annex III. 

PROPOSED CASE. RECORD FOR A CHILD LIVlNG IN 
A TUBERCULOUS ENVIRONMENT. 

1. ESSENTIAL DATA TO BE COLLECTED BY ALL THE DISPENSARIES 
PARTICIPATING IN THE ENQUIRY. 

DispensaJ'y: ......•.... .- ............... . 
At: ................................ . 

· 'I. Civil status: Date of birth .................. . 
Name...... Sex..... Legitimacy ....... · 
Name. of father... . . . . . . . Address ............ · · . ~ 

II. Weight at birth .. ." ................ ·..... grammes: 
or a few days after birth (state date).. grammes. 

III. Source of tuberculous injection~· 

1. . No ~nown contact with tuberculous person ? · · · 
2. Wbic~ members af the fainily or other persons 

suffenng from tuberculosis are or were in contact 
with the child. ? ............... _ ...... _. .... . 
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3. Have tubercle bacilli been demonstrated in this 
(or these) case(s) ? ........................ . 

In large numbers (mass infection) ? ..•.... 
In small numbers ? ... , ................ . 
In numbers unstated ? ................. . 

4. Duration of the contact(s) with the tuberculous 
person (s): 

From the age of. .... to the age of ...... . 
Was the contact continuous or intermittent ? 

5. If possible, state the clinical type of tuberculosis 
in the contact(s) .......................... . 
Date of death of the contact (if dead) ....... . 

. IV. Prophylactic measures adopted;· 

A. Was the child " premunised " with BCG ..... . 
or not ............................... · ..... :,·,. 

In case of premunition by mouth: 
Who controlled the absorption of the 

vaccine doses (parents ; visiting nurse; 
.midwife; doctor) ? ................ . 

How many days old was the infant when 
given the : . . 
First dose ....................... : 
Second dose .................... . 
Third dose ...................... . 

In case of subcutaneous premunition : 
How old was the child when inoculated ? 

(if very young, state it in days) 
After how many tuberculin tests ? •.•.. 
At what date were those tests performed ? 
Which method was used for these tests 

(intradermal or skin tests) ? ....... . 

B. Separation from the source of infection. 

1. Was the child : 
Isolated in hospital or in a special 
institution (state which) ? .•...... 
Since when ? ....... until when? .. . 

2. Sent to a healthy environment : 
Since when ? . , .... until when ? ... 

3. Partially isolated. in the family (precau-
tions) ......... · · · . · · · · · · · · · · · · · · 

C. Education of the family from the prophylactic 
point of view : 
Frequency of the visits of the district nurses 
• • . • . . • • C\TI'Y. • • . . . . l:l~l:th ••••.•••••• 
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V. Social Position : 
(Result of the social enquiry by the dispensary) 
In the dwelling : how many inhabitants ? . . . . . · 

how many beds? . . . . . . . . . . . • • . · · · · 
Has the child a bed or a cot for himself ? ..•.. 
Does the chil~ live? in the same room as the tu.be~: 

culous patient ............... . 

VI. Feeding of the Child~· 
Maternal breast feeding ? . . . . . . . up to ? ..... . 
Feeding by a wet nurse ? . . . . . . up to ? ...... :: 
Mixed feeding ? . . . . ... . . . . . . from what age ? .. . 
Artificial feeding? ........ from what age? ..... . 

Is the feeding controUed by a welfare institution ? 
Frequency of nurses' visits ? ............. , .. . 
Frequency of attendance at the clinic? ...... . 

VII. Clinical and pathological history of the child: 
Frequency of medical examinations ............ . 

every ....•.......... months. 
(a) Weight chart .....••.•.... Weight every 3 

months .................................. . 
(b) Pathological phenomenons noted ........ . 

VIII. If the child died: Date of death . .••....•..... 
Clinical diagnosis of the cause of death ......... . 
Anamnesis and laboratory findings, if any ....... . 

Post-mortem findings ( cf. Annex IV, Section II) ... 

2. SUPPLEMENTARY DATA WHICH CERTAIN INSTITUTIONS MAY 
BE IN A PoSITION TO FURNISH. 

IX. Supplementary information on pregnancy and confine
ment: 

1. Condition of the mother during pregnancy; if 
tuberculous, at what stage of the disease?·· 

2. Prematuration? .•...... · .............. · · · · · 
3. Conditions of labour : 

Where did it take place ? . . • . • . . . . . . (at 
home, at the maternity hospital). 

Delivery attended by ? . . . . . . . . . . . . . . . (a 
doctor, a midwife, an unqualified person). 

X. Tuberculin tests (see note suggesting technique): 
Method used : Skin test (Pirquet) ? . . . . . . Date 0~ 

reading ? . . . . . . . . Intradermal tes 
(Mantoux) ? .......... , .....• · · • · · 
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Tests performed by a physician ? . . . . . . . . If not, 
what other person '1 ••••• : •••••••••••.••• , •• 

Tests read by a physician ? ..... , . . . . . If not, 
.. what other person ? ~ ........•...... ~ ...... . 

XI. X-Ray examinations (see note suggesting technique): 
Method used ................................. . 
Resu!ts of the ~ead_ing (mediastinum, lun~s. pleura) : 

F1rst exanunatxon: date .•... findmgs . , .... 
Second examination : date. . . . . findings ....•. 
Third examination : date. . . . . findings ..... . 
Fourth examination: date ..... findings . , ... . 

, 3. PROCEDURES SUGGESTED IN ORDER TO ATTAIN UNIFORMITY 
AND MAKE THE RESULTS OF THE V ARlO US ' 

EXAMINATIONS COMPARABLE. 

(The procedures ought to be described in detail.) 

1. Tuberculin tests. . 
Use preferably the intradermal test and indicate the doses 

of tuberculin employed. 
If the intradermal test is not practicable, use the skin test 

and indicate the technique adopted. 
Repeat the tests serially, at intervals of a fortnight or a 

month. 
2. X-Ray examinations. 
3. Post-mortem examinations (cf. Annex IV, Section II.) 

Annex IV. 

STANDARD CASE RECORD FOR A·CHILD VACCINATED 
AND DECEASED, PROPOSED BY PROFESSOR 

LEON BERNARD. 

'1. Birth. 
1. CLINICAL OBSERVATION: 

Date. 
Full term or premature. 
Weight. 

2. Tuberculous contact. 
Nature: father, mother or' others. . 
~ummary of the clinical history of the contact, especially 

findings of T.B. . . 
Character of contact : precautions taken or not. 
Housing conditions. 
Supervision by doctors or nurses. 
Length. 
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3. Vaccinq(ion wi(li BCG by mouth (or by other routes} 
State .precisely how vaccination was performed. · 
At .what- age ? · · 
At what doses-? · · . 
Was the child separated from tuberculous contacts 

immediately after vaccination? 
For how long ? · · 

4. Tubercul,in.tesls. 
Method used. 
Number of tests. 
At what ages .. 
Results. 

5. Clinical and pathological history of the child. 
Note the apparent clinical cause(s) of death. 
Age at.death. 

II. PosT-MORTEM. 

Macroscopic examination of the organs. 
Viscera. 
Tracheo-bronchla1lymph-glands. 
Mesenteric lymph-glands. 
Note every alteration observed, tuberculous or otherwise. 

1. If one finds one or several tuberculous lesions (caseous 
nodules or lymph-glands; other lesions), one must : 

(a) Examine ·smears. of this lesion; 
(b) ·Make cultures from it and determine the type of 

the bacillus recovered (T.B. or BCG); 
(c): ·Inoculate the lesion to gui:qea-pigs (by subcutaneous 

· · and intravenous routes) and to rabbits (by intra
venous route). 

These animals,' inoculated directly from the lesion(s} : 
(1) Must be submitted to repeated intradermal 

tuberculin tests at varying intervals; 
(2) In dead or killed animals, the organs, and 

especially the tracheo-bronchial and mesend
teric lymph-glands, must be examine 
macroscopical1y; 

(3) Smears of their lymph-glands must be sub
mitted to a prolonged examination; 

(4) Cultures must be. attempted from their lymph
glands and some of their viscera ; the type 
.of the bacilli recovered must be determined 
(T.B. or BCG); 
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·(5) Their· organs must be inoculated to other 
animals . (secondary. inoculation). These 
organs will be the obJect of the same exami
nations as the former~ as indicated in items 

. (1), (2), (3), (4). . . . . 
· 2:: If no . visible t11bercrilQ~s lesion is found, one must ; 

'(a) .Make a histological examin~tion of. the lungs, the 
liver, the ~pleen and the tracheo-bronchial and 

. mesenteric lymph-glands; 
(b) ·. Bacilli must be looked for in smears oUheir organs; 
(c) A culture must be atte~~ted from their organs and 

. the type of the bacllh recovered niust be deter-
, · mined as in paragraph 1· (b); ·. 

(d) . Their. organs must be ino.culated to animals which 
will be submitted to the tests indicated in 
paragraph 1 (c). 

,Annex y. 
PROTOCOL I. 

VACCINATION OF CATTLE PERFORMED UNDER STRICT 
ExPERiMENTAL CoNDITIONS. · 

·1. · The innocuity of the BCG for the bovine being recognised, 
the efficacy of this strain as an immunising agent against 
tuberculosis can be demonstrated in an strictness only after a 
prolonged period of observation: through controlled experiments 
involving an equal number of animals vaccinated and of 
controls living in the same infected· environment . 

. ·2. For such experiments, farrns containing at least twenty 
~d:nlt cows and a bull, and in which th~ normal practice consists 
m re~ring ·calves wfth. a view to the. progressive replacement 
of the older animals, will be selected, · 

:.3. The experiment must be carried out·in farms where at 
least 40 per cent of the cattle react positively to tuberculin at 
the beginning of the experiment. 
. 4. ·. These farms must of necessity be provided with a small 
1Tsolation-byre carefully. disinfected at the start and kept cle~n. 

he only animals to be admitted to this byre are the newborn 
~alves which are to be vaccinated. They will be admitted 
zmmediately after birth and after the dressing of the ·umbilicus . 

. 5 .. These calves will be reared exclusively by means of 
ar~fic1al feeding with boiled milk (with feeding-bottles or from 
Palls), or preferably the milk of cows giving a negative tuber-
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culin test. The calves .must on no account be given the 
colostrum of the parent animaL . 

_6. One-half only of the ~alves born, males _and. females, i 
equal numbers must be vaccmated. The vaccmation must b n 
performed hypodermically within th~ fir~t fift~en days of lifee 
and repeated every year. Each ~a~cmation Will consist of th • 
injection of an emulsion of 50 mllhgrammes of BCG ih 10 c e 
of a fluid compos~d of o!le part ?f Santon's solution to three~ 
parts of physiological sahne solut10n. 

7. The other half of the ca~ves bo_rn, males ~nd females, 
in equal numbers, as far as possible, Will be submitted strictly 
to the same conditions of life as t.he animals of the vaccinated 
group. They m_ust, however, be ~s?lated from th~ latter, in a 
special byre, until the day of the ID!Xmg of both lpts m a common 
byre. . 
. 8. The pedigree of each of the calves in both lots must be 

carefully noted, so as to allow the tracing of tuberculosis among 
their parents. . 

One should endeavour to have in both lots an equal number 
of calves born of tuberculous cows. 

9. When the immunity: induced by vaccination may be 
considered as acquired by the animals, i.e., thirty days at 
least after the inoculation, both the vaccinated and control 
calves will be left to live in common the normal life of the 
animals on the farm. 

A permanent marking of the vaccinated, and a detailed 
description allowing their recognition when needed, must from 
that time be the only distinction between the animals of both 
lots. 

10. In order to avoid any disturbance in the susceptibility 
of the animals of both groups, .one should avoid all tuberculin 
tests .among 'them. before or after vaccination. 

11. Post-mortem examinations .alQne, performed at t~e 
slaughter-house either at the end of the period of economiC 
usefulness of the cattle, or'after spontaneous death, or emergency 
slat;ghtering, will allow judgment to be passed on the compa· 
rative state of health of the animals vaccinated and of the 
controls. · 

· The autopsy protocol must mention the conditions and 
lesions which might exist at the sites or the vaccine injections, 
in t_he .Prescapular, prepectoral, retropharyngeal, bronchial, 
mediastu;tal and mesenteric lymph-glands and the variou~ organs. 

If lesiOns are found ·which may be suspected of bewg of a 
t!Jber~ulous nat~re, their etiology must be determined by bacte· 
r10logtcal and histological examinations. · 

12. The experiments must be continued under the same 
conditions for_five consecutive years; conclusions may be drawn 
from them only when the sixth year has elapsed. 
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... Annex ·VI. 

PROTOCOL II. 

PROCEDURE FOR THE PROPHYLAXks OF TuBERCULOSIS IN CATTLE 
ADAPTED TO THE IMMEDIATE .NEEDS OF THE CATTLE

BREEDERS AND TO BE CARRIED OUT UNDER THE 

SUPERVISION OF THE VETERINARY SERVICES. 

1. This method of prophylaxis is applicable 'to all cattle
farms infected with tuberculosis and in which local practice 
tends to the breeding of calves for the gradual replacement of 
older animals. 
· 2. These farms must of ne<;essity be provide~ with a small 

isolati.on-byre, carefully disinfected at the start and kept clean. 
The calves which are to be vaccinated will be placed in this 
isolation-byre immediately after birth and after the dressing of 
the· umbilicus. 

3. These calves will be reared exclusively by means of 
artificial feeding with boiled milk (with feeding-bottles or from 
pails} or milk from cows which do not react to tuberculin. The 
calves must on no account be given the colostrum of the parent 
animal. 

4. The newborn calves, or at least the females intended for 
raising, will be vaccinated with BCG subcutaneously within the 
first fifteen days of their life. 

5. The animals vaccinated will be re-vaccinated every year. 
. 6. When the immunity induced by vaccination niay be 

considered as established, i.e., thirty days at least after vaccin
ation, 'both the vaccinated and control calves will be left to 
live in common the normal life of the animals on the farm. 
· A permanent marking and a detailed description of the 
vaccinated animals allowing of their· recognition will be made. 
: . 7. Post-mortem examinations alone, performed by a specia-

list or by the veterinary inspector of.the slaughter-house at the 
e~d of the period of usefulness of the animal, or before that 
ti!De after its death from natural causes or its emergency 
slaughter, may permit a judgment to be passed ou the state 
of health of the animals vaccinated and conclusions .to be 
~~awn concerning the changes brought about by vaccination 
1't'l~h BCG in the frequency of tuberculous infection of the 
ammals on the farm. 
. The post-mortem findings must be set forth as indicated in 
Paragraph 11 of Protocol I (Annex V). . . · 

8. The experiments thus conducted may be carried OU;t !or !8 Ion~ a period as may be necessary to base a reasoned op1mon 
n this method. of prophylaxis.: 
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PRELIMINARY STATEMEiVT ON THE METIIOD OF 
PREVENTIVE VACCINAt:~ON FOR TUBERCULOSIS 

WITH BCG 
(Calmet~e-Guerin Bacillus). 

· By Professor A. CALMETTE 

(Assistant Director of the Pasteur Institute, Paris) 

(Translation.] 
·A. 

One of the most curious and unexpected facts recently 
revealed by experimental research is that, especially in urban 
areas, most human beings spontaneously vaccinate themselves 
in infancy; because they absorb, either in food, or through the 
various mucous membranes, or even in certain conditions 
through the skin, a few tuberculosis bacilli. These are so widely 
spread in our environment, and are so easily disseminated by 
the. coughing or ·expectoration of consumptives, by dust, by 
flies, by unpasteurised · or unboiled milk, and even by the 
intestinal excreta of subjects who are apparently healthy but 
have concealed tubercular lesions, that it is almost impossible 
to avoid. them, and such precautions as may be taken with 
that object can only protect us in exceptional cases. 

These very slight infections, however, caused by a few bacilli, 
produce no physiological disorder in the system. As a general 
rule, they merely sensitise it to tuberculin, and tins sensitisation 
.:..._ which is inconstant- is sometimes transient and sometimes 
lasting. As a rule, these infections are readily tolerated, and, 
what is more surprising, they produce - provided always tha~ 
no repetition occurs before a sufficient period has elapsed -a 
special state of immunity .which makes other and more abundant 
doses of infective organisms harmless to the same subject. 
. This kind of immunity, represented by resistance tore-infection, 
IS onl.Y found (as in syphilis and the piroplasmoses) if ~he 
orga~nsm harbours. some representative of the specific parasrte, · 
and If .these parasites are alive, but in small enough num~ers 
and With a low enough virulence not to produce arave lesiOns 
or functional disorders fatal to·life. · t:t 

· ~xcept for a very short period, ·this immunity cannot. be 
obtamed. by. using bacilli killed by heat or by various physr~al 
or chenucal agents, nor by substituting for these the vaned 
substances that can be extracted from them. · 

It was for this reason that first Mafucci in 1899, then 
M.acFa~yean, Pearson and Gilliland, and subsequently Behr~ng 
With Romer and Rtl.ppell in 1902, proposed to use for vaccinatrng 
cattle the human. type of. bacillus whose low virulence· for the 
bovine species had been first demonstrated by Theobald Smith: 
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It will suffice to poi':lt out here that the principal reason 
hy the large·scale expenments undertaken in various countries 

~th a view to the practical applicat~on of the method of" bovo. 
V'accination ", advocated ~y Be~nng, were not pursued was 
that it was found that a~nmals_ moculat~d with bacilli of the 
human type under the skin or m the vems emitted intermit· 
tently an~ often over. a long period, _with their excreta or milk, 
germs which, not bemg always aVIrulent for the guinea·pig 
:might be dangerous to man and other sensitive animals. ' 

In the hope of outflankin~ these obsta~les, ot~e~ experi· 
menters endeavoured to vaccmate cattle With bacllh derived 
from birds (MacFadyean, Sheat~er, Edwards and Minett, 1913). 
In France, H. Vallee used a bacillus of equine origin which had 
little virulence for laboratory rodents. Gerald Webb and 
w. Willian;ts. in the _Dnited ~tates, and more recently Seiter, 
at Bonn, d1d not hesttate to moculate not merely animals but 
even children of various ages with very small doses of virulent 
bacilli of human origin. 

It can hardly be imagined that the use of bacilli which are 
virulent for man or domestic animals, including poultry, will 
ever have the slightest chance of becoming a regular practice, 
because subjects thus injected and not vaccinated must inevitably 
remain under the continual threat of a possible generalisation 
of tuberculosis in consequence of the slow caseiflcation of the 
tubercle. 

As we had long been convinced of this truth, from 1908 
onwards we endeavoured, in collaboration with C. Guerin, to 
obtain a strain of tuberculosis bacilli which would be genuinely 
and finally attenuated in Pasteur's sense, that is to say, made 
incapable of producing re-inoculable tuberculous lesions in the 
systems of the most sensitive animals. 

The experimental researches we had till then been pursuing 
into tuberculous infection through the digestive tract bad shown 
us that with pure bile it was possible to prepare very fine and. 
stable emulsions of bacilli, and that these biliated emulsions . 
were particularly favourable to intestinal absorption. In order· 
to obtain cultures that could be more easily emulsified, we had 
the idea of inoculating the bacilli into media consisting primarily 
of pure ox·bile, and we found that, notwithstanding the strong 
alkalinity of these media, the culture developed with a very 
peculiar_ aspect, resembling, on potatoes cooked in 5% 
glycerinated ox·bile; cultures of Bacillus mallei. 
· Under the continued influence of the bile, the physico· 

chemical constitution of the cero-adipose envelope of the 
bacillus changes, as has been demonstrated by Albert Berthelot's 
analyses! and its pathogenic properti~s gradually al~r, so that 
a!ter tlurty successive cultures on bile the attenuation of the 
Virulence for the young bullock was already plain. After 230 
cultures, the sub·culture· taking place every 20 to 25 days (this 
took thirteen years hi all), the ·bacillus had become incap!tble 
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of producing re-inoculable ,tuberculous lesions in the gu· 
pig, even in such large ~oses as ~roii!- 1. to 2 centigramnies:~ea. 
the pathological alterations which 1t IS caJ?able of .causin nd 
~uch high doses _disappear spontaneous~y m a few week~ ~t 
months, leaving no trace, even of sclerosis. . . . . . r 

As the attempts we then made t? restore Its 1mtml virulen· 
to thls hereditarily ~ttenuated bacllh~s b~ successive passag: 
through s~nsitive aromals regu~arl_Y fooled, ~~ seemed clear from 
our expenments that we were m possess10n of a strain of 
" vaccine-bacilli "whlch w~re apparently. harrnle.ss to ~ll animal 
species capable of contractmg tuberculosis. This stram, which 
has since been studied by many research workers, is generally 
known as BCG. · 

I. EXPERIMENTAL PROOFS OF THE . INNOCUOUSNESS OF BCG 
TO ALL ANIMAL SPECIES. 

When, by subcutaneous, intraperitoneal, intravenous, intra
ocular,· intraspinal or intracranial injection, we introduce up 
to one _Inilligramme of BCG into the system of the guinea-pig 
or the rabbit, we do not produce in these animals any lesion 
presenting the characteristics of tuberculous lesions. Stronger 
doses (5, 10, 20 or more milligrammes), injected subcutaneously, 
cause the formation of a cold abscess, which, after the evacuation 
of its contents, is cured spontaneously without tumefaction 
of the neighbouring glands. In intraperitoneal or intravenous 
injections, these strong doses produce on the epiploon and the 
peritoneum, or in the viscera (lungs, liver, spleen), tuberculous 
nodules which, after a few weeks, or at most a Iew months, are 
re-absorbed and disappear, the animals having sustained no 
ill-effects. 

If animals so inoculated are killed during the reactive 
period, when their organs contain small tubercles, and if these 
tubercles are pounded and emulsified and then re-inoculated 
into fresh animals, the latter remain completely unaffected, 
and do not_ contract tuberculosis. 

Subcutaneous or intravascular inoculations of 50 or 100 
milligrammes of finely emulsified BCG- are readily tolerat.ed 
by young or adult cattle which do not react to tuberculin. 
BCG is ~lso harmless to monkeys of every species, including 
anthropoids, and to horses, goats, sheep, pigs, dogs, and po~ltry. 

A healthy man can tolerate 1 milligramme injected Intra
venously, and tuberculous subjects themselves are not injuriously 
affecte~ ~y s1;1bcutaneous in1ections of doses up to 1 centigraro~e. 
These lDJectlons merely give rise to cold abscesses at the s1te 
of- inoculation, without tumefaction of the .neighbouring_ 
lymphatic glands. . 

Dos~s of 1 centigramme administered per os and repea.ted 
t~ree t1mes . at 48-hour intervals produce no physiologtcal 
distu~bance m young children or in young sucking animals. 
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All these facts, established by ?ur exper!ments, have been 
confirmed by a larg~_number of ex~enmenters, mcludingR. Kraus, 
Gerlach, H. Schrotter, . Prausmtz, Kolle, Kirchner, Lange 
(of. the Re!chsges,un~heitsa.m.t), Aldershofl', S~nley Griffith, 
Lyle cumnnngs, 0 Bnen, Wllham Park, A. Ascoh Cantacuzene 
Tzekhi1ovitzer and the Ukrainian Commission, Georges Blanc' 
Silberschmidt, Carlo~ Chagas, Arena, Martirene Fontecilla, Ima~ 
mura and Takahas~, etc. Bruno Lange and K. Lydtin, at the 
Robert Koch Instxtute, have further demonstrated ti1at BCG 
emulsions can be inhaled without ill-effects. 

II. EXPERIMENTAL PROOFS OF THE EFFICACY OF BCG AS A 
PREVENTIVE OF VIRULENT TUBERCULOUS INFECTION. 

The first demonstration of the protective effects of BCG 
against a virulent ex;perim~ntal infection was. furnished by the 
experiments we published m 1913 and 1914 m the Annates de 
r Institut Pasteur.1 

· These experiments showed that young cattle which have 
been given BCG intravenously without ill-effects can, a month 
later, be tested with a dose of virulent bacilli which is fatal 
to controls in five or six weeks. Animals thus vaccinated 
and tested retain in their glands (principally the bronchial 
glands) living and virulent bacilli from the test for as long as 
18 months, without these bacilli ever betraying their presence 
in the system by progressive tuberculous lesions. 

Some of these bacilli are eliminated from the system, espe
cially in the freces. The remainder are tolerated and continue 
to be harmless as long as the immunity conferred by the living 
" vaccine-bacilli " persists. . 

In our experiments the duration of tlus protection from 
virulent experimental infections was at least 18 months in 
cattle. In laboratory rodents it did not exceed a few weeks. 
In the·guinea-pig it quickly vanished, as was demonstrated by 
the experiments of A. Boquet and L. Negre, and later by those 
of. Remlinger and Bailly, which covered a great number of 
ammals. On the other hand, it is marked and prolonged 
~gain~t natural contamination (through cohabitation _wi~h 
mfectxous cases) in such animals as the monkey, whose hfe IS 
much longer, and this is certainly also the case in man. The 
e:-periments made by Wilbert on chimpanzees in Guinea are 
highly evidential in this respect. They have been confirmed 
by Kraus and Gerlach's more recent experiments. 

Further· evidence of the protective effects of BCG again~t 
the natural tuberculous infection is furnished by our expen
ments on close and prolonged cohabitation between vaccinated 

~ 

1 Annales de I' lnslitu! Pasteur, Vol. 27, Fcbruary"1913; and Vol. 28, April1914, 
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and·tuberculous cattle,1 and by ~ho~~ carried out on iat·m b 
c. Guerin, A. Richart _and M. Bms.siere•, by A. ~coli in 1~1 Y 
more recently, in BraZil, by de As~1s and Dupont, m Canada ?• 
the Edmonton Experiments Committee (Secretary : Dr. R.ankin)'J 
etc. ' 

The innocuousness of BCG to all animal species sensitive t 
the tuberculou_s i!'fection, and ~ts eff!cacy ~s a preventive of lh~ 
natural or artzficwlly produced znfectzon, bemg thus demonstrated 
the next step was to attempt to use it for the protection of man. ' 

Ill. PREVENTIVE VACCINATION OR " PREMUNISATION " SHOULD 
"AIM AT PROTECTING THE INFANT, IMMEDIATELY 

AFTER BIRTH, FROM THE NATURAL INFECTION, 

Since the tuberculous infection is much more serious for 
the infant, particularly in the ·first few months of Jife, than for 
the older child or the adult, it is all the more necessary to 

. endeavour to protect the infant immediately after birth, because 
at that period of its life it is completely dependent upon its 
mother and the persons who look after it. When these persons 
are germ-carriers, the risk of infection is so great that the infant 
scarcely ever escapes. It is for that reasori that the tuberculosis 
death rate is so high during the first year among children born 
or brought up in infected surroundings. It is possible to 
question the figures which have been given by various authors 
and by ourselves on this subject, since in no country are there 
official statistics relating solely to children of tuberculous 
parents; but all phthisiologists agree that infants exposed to 
tuberculous infection in the family die in large numbers before 
reaching their second year, and that the forms of tuberculosis 
which develop during adolescence or adult life are, as a rule, the 
results of an infection contracted when very young, not fro~ a 
few bacilli but from a larger number, the infection haVIng 
remained latent or concealed until various circumstances arose 
favourable to it. 
. U vaccination to prevent tuberculosis is possible, therefore, 
1t. should be done to the infant during the first few days after 
bzrlh! because it is only at that .age that - apart from the 
relatively rare cases of infection in utero by the ultra-viru~ or 
b~ the .. tuberculosis virus - there is any hope that the su~JeC~ 
will still be free from any pre-existing tuberculous infect~ on • 
but as, on the other hand, this vaccination cannot be-immediate, 
but takes s~me time to establish 1tself (about 25 days with 
BCG, accordmg to experiments on animals), every effort should 

~ Annales: d; l'lmlltut Pasteur, Vol. 34, September 1920, page 553. 
Annates 1U flmlltul Pasteur, Vol. 41, Mareh 1927. · 
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be made during its inactive stage,. by me.as~res of sep~ration 
r isolation, :or at any rate by stnct hygtemc precautions to 

0 revent the young artificially premunised subjects from b~ing 
~xposed to virulent infections. 

JV. PossiBILITY OF VACCINATING NEWBORN INFANTS 
per OS ON ACCOUNT OF THE FACT THAT, DURING 
THE FIRST FEW DAYS OF LIFE, THE INTESTINE IS 

HIGHLY PERMEABLE BY BACTERIA. 

· Infants in the first few. days after birth might, like calves 
be vaccinated by the subcutaneous injection of a small quantity 
of fresh emulsion of BCG. On the other hand, apart from the 
fact that the families would probably object to such inoculations, 
they have this disadvantage, that they fairly frequently cause 
in the newborn child a c.old absce~s (though a harmless one), 
the spontaneous evacuation of which may be a nuisance. 

For that reason, it has been found preferable to resort to 
vaccination per os, taking advantage of the fact that the 
intestinal mucosa of the infant less than two weeks old, like 
that of young sucking animals, is as yet composed only of 
incompletely differentiated cells, having a strong phagocytic 
power and capable of absorbing and conveying into the lympha
tic and blood circulation the microbes introduced into the 
digestive tract. This phenomenon - first reported by C. 
Weigert - was demonstrated by Disse. 1 Later, A. Boquet, 
P. Nelis and L. van Boeckel, Romer and Behring, Ehrlich, 
Vaillard and, subsequently, Ramon and Grasset showed that 
not merely bacteria but even toxins can pass with the greatest 
ease through the intestinal mucosa of newborn animals, whereas 
this happens only irregularly and to a smaller extent in full-grown 
animals. 
· In recent publications, Pirquet and his pupils E. Nobel, 

Chiari and Sole have denied - though without ofieririg any 
experimental proof of their contention- that newborn children 
can be vaccinated by this route. They do not believe that 
bacteria can be absorbed through the intestine. 

It is easy, however, to establish the fact of such absorption, 
~rst, because, after 6 months or more, microbes are to be found 

. In the system of vaccinated infants who died of diseases otlter than 
tuberculosis (Calmette, C. Debarge and R. Girod, Zeyland and 
Mrs. Piasecka-Zeyland), and secondly, because, as we have 
demonstrated with C. Guerin' in cattle and laboratory rodents, 
the bacilli thus absorbed are eliminated to a great extent through 
the biliary ducts and the intestine. An experiment which is 

: Deutsch. med. Woch., 1903. No, 1. . . 
1913 C. R. Acad. ~ Sc., 1909, Vol. 148, page 601,_and Annales del' Imlitut Pasteur, 

• Vol. 27, page 162. . · 
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highly evidential in this resp~ct was made at the· Pasteur 1 . 
tute .by A. Boquett with tl~e Thimotee ~acillus, which ca~sij, 
cultivated on the usual media. A!l that. Is necess~ry is 'to llla~e 
guinea-pigs -even full-grown gumea-p1gs -whiCh have b e 
fasting for 24 hours ingest a few centigrammes of this ger111 w~~~ 
bread-crumbs, then to kill them after vmiable periods and\ 
seed the blood from the heart and the contents of the gall 
bladder on glycerinated potato or on the Dorset-Petroff mediu111-We then find that the blood and bile thus taken 3 or 4 hour· 
after the infected meal nearly always cause the development 0~ 
pure colonies of Thimotee bacillus, whereas after a longer period 
the cultures are generally sterile. 

Further proof of the absorption of tuberculosis bacilli through 
the intestine is furnished by the work of P. Nelis2 and of this 
scientist with L. van Boekel. They demonstrated the rapid 
fixation of BCG in the lymphatic organs and the lungs, a few 
hours oill.y after the absorption of a single meal of sterile food 
~o which BCG h~d ~een added. Thi~ absorptio~ is par.ticularly 
mtense and rap1d m very young ammals (suckmg gumea-pigs 
and rabbits). P. Nelis also endeavoured to ascertain the exact 
moment of appearance and the duration of the intradermal 
reaction in the adult guinea-pig after ingestion of BCG. He 
found that sensitiveness to tuberculin appeared between the 
first and second month after three ingestions (at 48-hour inter
vals), and persisted for from 6 to 10 months, subsequently 
disappearing. 

It is therefore beyond question that the administration of 
BCG per os is a process that can be perfectly well used with 
newborn infants, and~ as we shall see later, its efficacy can no 
longer be disputed. . 

On the other hand, there is no denying that, for children 
more than a fortnight old, for adolescents, and for adults, only 
subcutaneous vaccination can be 'considered. We shall return 
to this point when we report the experiments already made on 
the subject. · . 

V. FIRST ExPERIMENTS IN PREM:UNISATION, 1921-22. 
THEIR ENCOURAGING RESULTS MAKE THE PASTEUR 

INSTITUTE DECIDE TO E~TEND THE ExPERIMENT . 

. , Havi~g become convinced of the .innocuousness of BCG 
mJected mto, or absorbed per os, even in strong· doses, by .a 
large number of animals of every sr.ecies we felt justified Ill 
sharing with our colleague, Dr. \Veil -Hall~ Medecin des Hopi
'taux de Paris and Director of the Child Welfare School of the 
Faculty of Medicine, the responsibility for an experiment which 

. : C.R .. Soc. de Bioi., 1927, Vol. 96, page 176.· 
C.R. Soc. de Bioi., 1927, November 26th. 
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roposed we should attempt in July 1921 on an infant which 
h~f doomed to tuberculosis because it unavoidably lived with a 
w nsumptive grandmother - the mother, also consumptive f0 vincr died immediately after the child's birth. The child wa~ 
:ade .,to ingest three doses ~f 2 milligrammes of Jresh BCG 
culture in a teasvoonful. o~ mllk on .the 3rd, 5th and 7th days 
respectively, making 6 milhgrammes.m all. No incident ensued. 
The child has developed on nor~al lines and has since remained. 
completely free from tuberculosis. 

Between July 1921 and July 1924, our collaborators B. Weill
Halle Turpin and. Mlle. Coloni have thus, with our approval 
vacci~ated 317 c~i.ldren, whom they ~ave been able to keep unde; 
reoular.observatlOn; 67 of these children were born and reared 
in"' an infected, environment, and the others in an apparently 
healthy one. The doses of BCG given to them were raised to a 
total. of 3 centigrammes. Up to January 1927; only one death 
from tuberculosis was reported among these children, this being 
that of an infant 4 months old which had been nursed by its 
tuberculous mother for 3 months after its birth until the mother 
went to hospital, where she eventually died. 

Apait from 14 of these children, who died of various diseases 
other. than tuberculosis, they were all perfectly well developed, 
and had shown no sign of any functional disorder and no setback 
in their increase of weight. 

In these circumstances, as it seemed perfectly clear that 
BCG was harmless to infants as to animals, young or full-grown, 
which are sensitive to tuberculosis, it was decided to pursue the· 
experiment not only in the maternity wards of hospitals; but 
also among the patients of tuberculosis dispensaries and of such 
doctors as desired it. 

Accordingly, from July 1st, 1924, the Pasteur Institute saw 
that it was able· to respond to all requests, and a service for the. 
preparation and free distribution of vaccine was organised to 
meet the needs of all France. At the same time, seed-cultures 
of BCG were placed at the disposal of all foreign laboratories• 

As it appeared that the method was unquestionably 
harmless, the next necessity was to collect as much and as 
~etailed information as possible in order to ascertain whethe1· 
It was effective, as we had been convinced by the experiments 
?n young cattle, and by those carried out on anthropoid apes 
In an infected environment at Kindia (French Guinea). 

VI. TUBERCULOSIS DEATH RATE A.ND GENERAL DEATH RATE 
OF lNFA.NTS BORN ·oR REARED IN AN INFECTED 

ENVIRONMENT. 

To judge of the value of BCG as a preventive of tubercul.osis, 
we shall obviously have to wait until we know more precisely 
the duration of the immunity conferred by the first vaccination 
after birth, and by any subsequent re-vaccinations. 
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We can at least, howev~r, observe the influ~nce of the \'a . 
on the decrease in m~rtahty from tu~ercul~s1s and the gece1ne 
infant mortality, proVIded· we haye su1ta~le data ~or co1npa ~eral 

Such data cannot be found m the VItal statistics re ~son. 
published by all civilised countries. The figures for tube~url.Y 
mortality at different ages are of no use to us, partly bee 081s 
they are inaccurate owing to failures to notify the accurate·C:Use 
of deaths, and partly because they cover the en!ire populati~e 
and not exclusively those born. or reared ln an infect~ 
environment, with whom we are chiefly concerned. 

Hospital statistics also are useless, because they concern 
only hospital patients, with the result tllat the proportion of 
deaths from tuberculosis at different ages is much higher there 
than in families where one or more members are tuberculous 

Our only hope, therefore, is to endeavour on our own account 
to obtain from tuberculosis dispensaries, which are now numerous 
in France and many other countries, information as to· the 
subsequent history of children belonging to families under the 
supervision of these institutions, which are, as a rule, directed 
by phthisiological specialists and trained and enthusiastic 
visiting nurses. 

In 1925 we undertook an enquiry among all the tuberculosis 
dispensaries then in existence, and we received 99 replies, which 
may be summarised as follows : 

Out of 1,364 children born in 1922 of 1,362 tuberculous 
mothers (there were two pairs of ~wins), 327, or 24 per cent, 
succumbed to diseases presumed to be tuberculous during the 
first year of life. . · · 

This figure in itself was much lower than that (80 per cent) 
given by Leon Bernard, Robert Debre and Marcel Lelong for 
Parisian children born of tuberculous mothers, who could not be 
accepted by the "Placement Familial des Tout Petits ". It was 
also much lower than the figures published by Professor Forssner 
of Stockholm (70 per cent), Professor J. Parisot of Nancy 
(53 per cent up to 2 years), and P. de Elizalde of Buenos Aires 
(?9 per cent up to 1 year). On the other hand, it was slightl.Y 
higher than the. figure given by the Belgian Anti-Tuberculosis 
League (20 per cent), and much higher than that of R. Kjer· 
Petersel! ~nd J. Ostenfeld of Copenhagen (7.7 per cent) and 
than W1_lham Park's figure for the United States (7.6 per cent). 

_The mves:Ugation carried out in 204 antituberculosis dispen· 
sanes or .soCial hygiene centres had the great advantage oyer 
the pre.vtous one of providing us with precise informati~n 
con~e.rrun~ _non-vaccinated as well as vaccinated children lD 
families hvtng under identical social conditions and envi~o.n· 
~ent, and looke~ ~ter by the same staff of physicians and vis:t· 
mg nurses. !hi~ Information is contained in the' social enqu!l'Y 
cards of the Institutions. · 

This material made it easy to compare accurately, nodt 
only the mortality from tuberculosis in the vaccinated an 
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non-vaccinated g~oups, but als? their general mortality, the 
latter figures bemg beyond dispute, whatever defects the 
diagnoses of .the causes. of death may P?ssess. 

It is obv1ous that, 1f genera~ mortality (from all causes) is 
markedly lower among_ the ~accrl].at~d than the unvaccinated in 
the population attendmg d1spe~sar!es, all other things being 
equal it is because BCG vaccmat10n succeeds in preserving 
child;en from i_nt:ection in tuber.culous families ; it constitutes 
also the best chmcal demonstratiOn of t.he .complete innocuous
ness of the method - a demonstrat~on which amounts to 
experimental proof. . 

we shall first determmc, from the answers given us by 
204 dispensaries, what the tuberculosis and general mortality 
have been in 1925, 1926 and 1927 among unvaccinated children 
eared for by these institutions. These children numbered 4,854; 
1 989 of whom were born of tuberculous mothers, while 2 865 
~ere born and reared in contact with tuberculous persons: 

Since the statistics of the results of vaccination, published 
hitherto by ourselves and other workers and clinicians in France 
and in other countries, were criticised by professional statisti
cians such as Professor Greenwood, in England, Rosenfeld and 
Gotzl in Austria, we decided to make a new and comprehensive 
enquiry covering : 

(1) All the tuberculosis dispensaries or social hygiene 
centres in France, controlled by the Ministry of Health and 
in operation for over 4 years (there were 204 such dispensaries 
on July 1st, 1928, and all of them kindly answered our 
questionnaire); 

(2) · AIL the. physicians (972) who, between July 1st, 
1924, and July 1st, 1927- i.e., for 4 years as a maximum 
and 1 year as a minimum- had vaccinated children born 
of tuberculous mothers or reared in notoriously tubercle
infected environment. 

1. Children not vaccinated with BCG, born· of 
mothers, not separated: 1,980. · 

(a) Born ·in 1925 
" 1926 

" 
1927 

Total 

tuberculous 

777 
694 
518 

1,989 

· . (b) Of these 1,989 children, the following numbers 
died of diseases presumed to be tuberculous at the ages of : 

1 month to 6 month~. · · 119 
6 months to 1 year 109 
1 year to 4 years . 130 

Total 358 
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(c) Of these 1,989 children, the following n 
died of diseases not presumed to be tuberculous at the auglllbers 

6 es of. 
1 month to months . . . 59 · 
~ months to 1 year 32 
1 year to 4 years 34 

Total •. 

To(al deaths for this group . 
General death rate 
Tuberculosis death rate 

- 125 

483 
24.3% 
18.0% 

2. Children not vaccinated with BCG, born and reared in 
infected surroundings (excluding children of tuberculous 
mothers).:- 2,866. 

(a) Born in 1925 
1926 
1927 " .. 

Total 

1,097 
1,007 

761 

2,865 

(b) Of these 2,865 children, the following numbers 
.died of diseases presumed to be tuberculous at the ages of: 

1 month to 6 months 112 
6 months to 1 year 160 
1 year to 4 years 122 

Total ... 394 

(c) Of these 2,866 children, the following numbers 
died of diseases not presumed to be tuberculous at the ages of: 

1 month to 6 months 59 
6 months to 1 year 46 
1 year to 4 years 41 

Total ... 146 

Total deaths for this group. . . . . . . 540 ~ 
General qeath rate . . . ·. . . . . . . 1138:~ :~ Tuberculosis death rate . . . . . . . . 11 

(It may be pointed out that· for the whole population 
of France the general infant mortality was 8.3 deaths per 
100 children born aliue in 1927.) . . 
Therefore, general mortality for the years 1925, 192.6 a:~ 

1927 was 21.4 %~or the whole group of 4,854 unvacc1na ~s 
children born of tuberculous mothers or reared in a tubercula 
environment. Their tuberculous mortality was 15.9 %· 
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Tllis latter figur~ is mark~dly low~r than the one we obtained 
. 1925 in an enqmry covermg 99 dispensaries. 
Ill Tllis mortality, however, is still very great and it is doubtful 
whether hygienic education of the families and stricter adherence 
to health rules can bring it lower ~han 7 %, a figure now reached 
by certain selected ~nd supel'Vlsed groups in Scandinavian 
ountries and the Umted States. 

c We must now find out whether by the systematic use of 
BCG it is possible to obtain an important additional saving in 
human lives. . 

Observations on children of tuberculous families supervised 
by the same dispensaries a~d vacci:1atcd in 1925, 1926 and 1927 
will give the answer to th1s questw.n. 

VII. EXPERIENCE FROM 1924 TO 1928. - INFORMATION 
SUPPLIED BY TUBERCULOSIS DISPENSARIES AS TO 

THE NuMBER AND SuBSEQUENT MEDICAL HISTORY 
OF CHILDREN BORN OF TUBERCULOUS MoTHERS OR 

REARED IN INFECTED FAMILIES, VACCINATED WITH BCG 
AND AGED FROM 1 TO 4 YEARS ON JULY 1st, 1928. 

These vaccinated children have been classified in exactly the 
same way as the non-vaccinated. . 

1. Vaccinated children born of tuberculous mothers, not 
sepamled : 87 9. 

(a) Born in 1925 
1926 
1927 " 

" 
Total 

' . 
145 
311 
4231 

879 

(b) Of these 879 children, the following numbers died 
of diseases presumed to be tuberculous at the ages of : 

1 month to 6 months 19 
6 months to 1 year 13 
1.year ·to 4 years 6 

Total .. 38 

(c) Of these 879 children the following numbers died 
of diseases not presumed to be tuberculous at the ages of : 

1 month to 6 months 73 
6 months to 1 year 17 
1 year to 4 years . 13 

Total .. . . 103. 

nat~ T~e annual increase in the number of children vaccinated shows that vacci
ton IS not merely accepted, but desired, by the families. 

8 
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Total deaths for this group . 
General death rate . . . . 
Tuberculosis death rate 

141 
14.8% 

4.3% 
2. Vaccinated children reared in infected surroundi 

(excluding children of tuberculous mothers): 1,489. ngs 

(a) Born in 1925 185 
~ » 19~ ~7 

" 1927 827 

Total 1,489 

(b) Of these 1,489 children, the following numbers 
died of diseases presumed to be tuberculous at the ages of: 

1 month to 6 month~ 12 
6 months to 1 year 7 
1 year to 4 years 11 

Total . 30 

(c) Of these 1,489 children, the following numbers 
died of diseases not presumed to be tuberculous at the ages 01 : 

1 month to 6 months 58 
6 months to 1 year 30 
1 year to 4 years 16 

Total ... 
Total deaths in this group 
General death rate 

104 
134 

8.9% 

(fhis is approximately the same as the general death 
rate under 1 year of age for France per 100 live-born children.) 

Tuberculosis death rate . . . . . . . . . 2.6 % 

It will be seen that, for vaccindted children born of tuberculous 
mothers teared by the latter or born and reared in infe~te_d 
surroundings, the general death rate is 11.8 %, whereas. 1t 15 

21.4 % for unvaccinated children, and that for vaccinated <:hildr~h 
born and reared in infected surroundings the tuberculosls deah 
rate is 3.4 %, as against 15.9 %, i.e., four times larger fort e 
unvaccinated. 

Even if there are errors of diagnosis in diseases not presumed 
to be tuberculous, nevertheless, it is clear that the death rate~! 
vaccinated children is four times smaller than the ra~t; for d 
unvaccinated, though they are living in the same conditiOns an 
under the same medical supervision. der 

Consequently, the value of vaccination for children un 
the age of 4 years cannot be disputed. 
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VJIJ. VACCINATION EXPERIMENTS MADE IN FRANCE IN 89 
DEPARTMENTS.- INFORMATION SUPPLIED UP TO JULY 1st, 
1928, AS TO THE SuBSEQUENT MEDICAL HISTORY OF 
. 3 607 CHILDREN IN TUBERCULOUS SURROUNDINGS 

v'ACCINATED WITH BCG iN THESE 8~ DEPART
MENTS BY 972 PHYSICIANS, 

These 3,607 children vaccinated at birth may be <;lassified as 
follows: 

(a) According to age on July 1st, 1928: 

1 year . 
2 years . 
3 years .· 
4 years . 

Total 

1,254 
1,572 

696 
85 

3,607 

(b) According to tuberculous contacts to which they have 
been exposed : 

% 
Tuberculous mother . . . . . . . 1,212 = 33.6 
Tuberculous father . . . . . . . 1,150 = 31.9 
Tuberculous father and mother. . 188 = · 5.2 
Tuberculous grandparents or colla~ 

teral relatives . . . . ·. . . 502 = 13.9 
Tuberculous contact not specified 555 = 15;4 

Total. ...... . • 3,607 . 

(c) Of these 3,607 children, the following numbers 
died of diseases. presumed to be tuberculous (including all 
deaths diagnosed as from " meningitis ", though we know 
that most of these deaths in very young children, particu
larly those under 6 months old, are due to the pneumococcus 
or to Pfeiffer's bacillus) at the ages of : . 

1 month to 
6 months .. 

6 months to 
1 year· .... 

1 year to 4 years 

Total . .....•. 

29 ~ · 54 = 1.5 % (including 5 

25 
j under 3 months). 

12 = 0.3% 

66 = 1.8% 
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(d) Of these 3,607 children, the following 
died of non-tuberculous diseases at the ages of : numbers 

1 month to· 
6 months·. 

~months to 
1 year 

1 year to 
4 years 

Total . .••. 

176 l 266 = 7.3.% 
90 ~ . 

63 = 1.7% 

329 = 9.1% 

The total number of deaths was therefore 395, i.e. : 

General death rate from all causes: 10.9 %-
Death rate from diseases presumed to be tuberculou.~: 1.8 %. 

It might be objected that possibly not all deaths of vacci
nated children have been reported to us, and that the present 
number of vaccinated children in France (110,000 up to October 
1st, 1928) is so large that there is a flagrant disproportion between 
the total number of children as to whom we have recent inform
ation and the number of vaccinated children in the whole 
country. . 

To this we reply : first, that there has been so much publicity 
through the medical Press in the medical world, and~even through 
the general Press among the general public, particularly during 
the last few months, that every doctor who had observed some 
incident or had any deaths among children vaccinated by him 
has made them known to us; so have the families themselves. 

Moreover, it will be readily understood that we cannot a~k 
directly for news of all the children vaccinated with BCG m 
France (110,000 up to October 1st, 1928) and in the French 
colonies (45,000 in Indo-China alone up to March 1st, 1928). All 
we could do was to write to doctors who had reported that they 
had vaccinated children born of tuberculous mothers, or reared 
in infected surroundings, and to all the tuberculosis dispensaries 
which had been in operation for at least three years. 

We deliberately sought to place ourselves at the grea~est 
possible disadvantage by applying our comparative investiga
tion of the general death rate and the tuberculous death rate bot~ 
to unvaccinated and vaccinated children of the same age an 
living in the same surroundings, these children bei~g drawn 
exclusively from the patients of tuberculosis dispensanes. lts 

Our feeling was that if we did this our figures and resu 
would be beyond any possible dispute or question. ve 

In order to check accurately' these figures and results, we. ha en 
carried out another enquiry dealing exclusively with clzzldr d 
born of tuberculous mothers, not separated from· the latter ag~d 
vaccjnated between July 1st, 1924, ·and July 1st, 1927, a. 
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ow, therefore, 1 to 4_years, ~ho lived in continual contact with 
tlleir mothers fr?m btrt~ unti! death or un~il October 1st, 1928. 

We did not t?-clud_e 1!1 this study the mfants whose tuber
culous mothers dte_d .":~~bin a few weeks or months of birth, thus 
removing the posstbiltbes of maternal contagion before the end 
of the first year. . 

The number of children regularly observed under those 
conditions was 814. Of these, 20 (2._4 %) d!ed of diseases 
resumed to ~e tuber~~lous. (u!l~e~, this headmg we include 

~II deaths ascnbed to memngtbs ), even though 6 of them 
occuned before the age of 4 months, and were not likely therefore 
to be tuberculous. . . 

Sixty-five (8 %) d1ed of vanous non-tuberculous diseases. 
In this special group of children, therefore, who remained 

in constant contact with their tuberculous mothers, general 
mortality (from all causes). was 10.4 %between 0 and 4 years, 
that is to say, scarcely higher than the general mortality of 
infants between 0 and 4 years ~nth~ wh~le. of France (11.1 % 
in 1926, and 9.27 per hundred live-births m the first year of life 
in 1926). · 

During the same period, the 204 dispensaries and anti-tuber
culosis centres which answered our questionnaire had registered 
1,989 children born of tuberculous mothers who were neither 
separated from them nor vaccinated. The tuberculosis mortality 
of these infants was 18.0 %, instead of 2.4 %, and their general 
mortality 24.3 %, instead of 10.4% among the vaccinated. 

The premunising value of BCG is therefore clearly proved 
in this class of children who have so few chances of escaping 
maternal infection. 

It is nearly certain that the results of vaccination would be 
better still were it possible to remove the children - as we can 
easily do for calves - from the source of virulent infection, 
for a:bout a month after birth, i.e., the period required for 
the establishment of tuberculous immunity as shown by the 
experiments. · 

It is also possible that the method may be perfected and 
made more precise, especially in the method of administration 
of BCG to children. 

The reduction of the general infant mortality brought about 
by BCG vaccination is always obvious when nearly all children 
born in a city or a district are vaccinated, whenever children of 
apparently tubercle-free families or infected families. This is 
the case in certain parts of Roumania. 

As instance of this fact, we shall describe what was done 
5mong_ the population of Ligny-en-Barrois, a small town of 
,000 Inhabitants in the Department of Meuse. 

192 
Vaccination was adopted as a routine procedure on July 9th, 

. 6. From. July 9th, 1926, to September 24th, 1928, 237 
children were born at Ligny · 210 were vaccinated with BCG, 27 
Were not. · ' 
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Of the 210 vaccinated, 5 died from various non-tubercui 
diseases. Of the 27 :unvaccinated, 5 died also from van ous 
non-tuberculous diseases. ous 

··The general mortality of the 27 unvaccinated was therefo 
18.5 %, as against 2.3% among 210 vaccinated,l re 

· What arguments can stand against such a fact ? 

IX. RESULTS oF PosT-MORTEM EXAMINATION OF CHILDREN 
, WHO DIED OF DISEASES NOT PRESUMED TO BE TUBERCULOUS, 

In France, only a small number of pos"t-mortems have been 
made. on children vaccinated with BCG who died of diseases 
not presumed to be tuberculous (for instance, by Leon Bernard at 
the Hopital Laennec (7 autopsies)). One was made by us at the 
Pasteur Hospital on a heredo-syphilitic child which was vacci
nated and separated from its mother at birth, and died ahhe 
age· of 6. months, presenting no tuberculous lesions ; in its media
stimiland mesenteric glands we found intact BCG which stained 
with Ziehl solution. Inoculation of these glands and of the 
pounded spleen of the child into a series of guinea-pigs produced 
no effect. 
· Two. other post-mortems, equally negative, of vaccinated 
children who died oJ gastro-enteritis at five and six months 
respectively-have been reported to us. 

A larger number have been made abroad, particularly in 
the· Ukraine by Iakhnis, in New York by William Park, and 
in Mad~d by Bravo y Friar and Muneyerro. At Poznan 
(Poland), Dr. Zeyland and Mme. Piasecka-Zeyland have per
formed many autopsies recorded in the Annales de l' lnslitut 
Pasteur (December 1928, supplement) . 

.In no case was it possible to discover any suspicious lesion 
in vaccinated children who died of non-tuberculous diseases, or 
to. isolate virulent bacilli in children who had not been exposed to 
tuberculous contacts. 

X. THE TuBERCULIN REACTION IN <..HILDREN VACCINATED 

per os. 

. B. Weill-Halle: and Turpin, J. Parisot and H. Saleur ~a~e 
found that the tuberculin skin-reaction became positive ~thidn 
from 1 to 6 months in about one-third of the children vaccmate . 

. with BCG. H. Buschmann, • atBieialf (Eifel), obtained approXI
mately the same figures, but they are higher for children who 

1 Note by the EdifDr. - 11 these figures are corrected and account is taken ~~ 
the fact that all early deaths· (occurring before the age of vaccination) a~oth 
course, Included in the mortnlity of the unvaccinated group, the rates for 1 groups are stU! ~ignificantly di!Icrent : 13.7% and 2.as %. a ration nearly· 6 to · 

• Monalschrifl far Kinderheilkunde, Bd. 37, 1928, page 393. 
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ve been vaccinat~d and exposed to infectious contacts than 
ba children rea~ed m appar~nt~y healthy, surroundings. This 
for 5 that in children reared m mfected surroundings a virulent 
~:~ion frequently i~ter':"enes, but remains harmless, thanks 
I the protective vaccmatwn. 
to Pirquet and Nobel emitted the hypothesis that those of the 
bildren who do not react to tu~erculin, although they have 

~ ested BCG, are not really vaccmated at all. In support of 
~s opinion they offer no proofs, but they maintain it because 
theY are convinced that an~bo~y who i_s .to resist tuberculous 
re-infections must be ~llerglc, l.e., sensitive to tuberculin. 

Experiments 01_1 ammals, however, and also the results of 
vaccinations, of childr~n born of tuber~ul?us mothers and sepa
rated from them ~t b;rth, or reared m mfected surroundings, 
run counter to this VIew. 

Let us first consider what happens in the case of cattle. 
We inoculated 20 milligrammes of BCG intravenously into 

eight young bullocks which did not react to tuberculin, and a 
dose of 50 milligrammes of the same BCG subcutaneously into 
eight other bovines of the same age, which equally did not react. 

The animals in these two batches were then subjected to the 
tuberculin test after 2 months and after 6 months. We found 
that after 2 months only four of the eight beasts in the first 
batch (intravenous inoculation) had become aller~c, and after 
6 months none of them was allergic, while the eight animals in 
the second batch (subcutaneous inoculation) were allergic after 
2 months and still allergic after 6 months. 

After 12 months only one reacted positively to the intra
cutaneous test. This means that intravenous inoculation, which 
disperses the BCG bacilli throughout the system, producing 
(at all events with this dose of 20 milligrammcs uery finely 
emulsified) only minute tuberculous lesions which are rapidly 
cured and re-absorbed, confers only a transient allergy, whereas 
subcutaneous inoculation, which creates a large local lesion 
persisting for some considerable time, causes a tuberculin 
sensitisation of much longer duration. 
. This notwithstanding, all our animals retained their immu

~ty, and resisted, 15 to 18 months after vaccination, the 
mtravenous inoculation of a dose of virulent tubercle bacilli 
Which was fatal to controls in 5 or 6 weeks. 

~t is clear, therefore, that subjects vaccinated with BCG 
letam the benefits conferred bv vaccination long after they have 
ost the power to react to tuberculin. 

~or is it necessary that a subject should have already 
Illa_mfested sensitiveness to tuberculin for him to be able to 
~es18! virulent infections. Thus, in the adult guinea-pigs 
0CCmated b~ Neli~l by ingestion of a strong dos~ of BCG 
( ·30 gramme m three doses of 0.10 gramme at48-hour mtervals), --1 So d c. e Bioi., November 26th, 1927. 
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the intracutaneous reaction was, in general, positive only 
2 months, and became negative after from 6 to 10 m after 
It was between the 25th and 35th days after absorbing th~¥:hs. 
per os that these animals presented the maximum resistan CG 
virulent infections likewise produced per os or by 

0 
ce

1
to 

instillation. cu ar 
In ¥OUng guinea-pig~, a~ Freund1 first, and then J. Val . 

2 
found, both after vaccmatwn and after virulent inoculatibs, 
the tuberculin reactions are irregular or absent, even when °:· 
animals have already tuberculous lesions; and J. Valtis h e 
recently found that it is the same in young children. Thesas 
even if born of tuberculous mothers and harbouring ultra virus~ 
their system, sometimes remain for a long period insensitive to 
tuberculin. 

Lastly, we know · that the bacillary proteins, bacilli of 
aviary tuberculosis killed by heat, and paratuberculous bacilli 
sensitise animals to tuberculin for a varying period of time 
without conferring any immunity on them. 

Accordingly, immunity, that is to say, resistance to bacillary 
infections, and hypersensitiveness to tuberculin are two distinct 
and independent conditions in organisms infected with I\och's 
bacillus. 

The reason why sensitiveness to tuberculin does not always 
appear, or is ordinarily belated, in vaccinated children is that 
BCG (except when absorbed in heavy doses) does not as a rule 
produce follicular lesions (characterised by the formation of 
giant cells) in the lymphatic organs. If it does produce such 
lesions-which is the case in reacting subjects- these promptly 
and spontaneously disappear, as may readily be seen in experi
mental animals, and, in that case, the subject remains allergic 
so long as they are not entirely cured, or if he chances to b_e 
infected by virulent bacilli from his environment; but lus 
health does not sufier in any way. 

This is shown quite clearly by clinical observation of our 
vaccinated subjects in tuberculous surroundings. 

Leon Bernard has recorded particulars of children born ~f 
tuberculous mothers and separated from them from birth, vacci
nated with BCG, then submitted to a tuberculin skin-test nearly 
every month for 2 years. . 

These children, though removed from all contact w1th 
tuberculous persons, showed the allergic reaction in the prop~r
tion of 50 % after 1 1/ 2 to 12 months ; generally after 3 mont 8• 

We have never considered that tuberculin allergy was us~Iess 
to the individuals vaccinated with BCG, though certai~ m:e~s 
have misquoted us in this connection (Bessau in Leipzig, 010 

in Heidelberg, Seiter in Bonn, Degkwitz in Greifswald). We 
have only stated that a subject could be immune, that is to say, 

' Journal of Immunology, 1927, Vol. XIII, pngc 285. 
• Soc. de Biol., July 21st, 1928, page 554. 
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. tant to. tuberculous infeclion_s, witho_ut presenting tuberculin 
reszs . and we have proved 1t expenmentally. 
alle\fe 'consider i~ necessa:y to brin~ about as promptly as 

"ble the allergtc ~tate m the subJects vaccinated because 
P~;{hue allergic rea~t~ons (and ~specially the intrade;mal test, 
Phi h is more senstti~e and rellable than the skin-test) enable 
"'s ~0 slate with certamty that th~ vaccin_at.ed subject is really 
Xarbouring germs - whether ~acc!ne baczllz or virulent bacilli. 

That is why we are cons1dermg the use of subcutaneous 
in"ections of BCG in th~ va~cin~tion of ~ndividuals who are past 
t~e age when oral vaccmatwn 1s practicable, i.e., over 10 days 

oldWe also think tha~, in !uture, the subcutaneous route must be 
used for the re-vaccmat10n after one, two or three years of 
children who, having been va~cinated a~ birth, do no.t react, 
or no longer react~ to tube:cuhn ; for this absence of reaction 
after the first year 1s .a warmng that they. have l?st, or very soon 
will lose the protectiOn conferred by their previous vaccination. 

We ;hall return to this subject a little later. 

XI. OBJECTION coNcERNING PossiBLE RECOVERY oF 

VIRULENCE. 

It is common knowledge that there are some viruses, spon
taneously or artificially attenuated, which can recover their 
initial virulence by growing in the system of animals, at first 
very sensitive or weakened, and then increasingly resistant or 
vigorous. 

May not the case be the same with BCG, and is there not 
reason to fear that this bacillus, which is at present devoid of 
its original virulence, may gain it after a more or less prolonged 
sojourn in an organism as sensitive as that of the young child 'l 

We asked ourselves that question long ago, of course, and it 
will be believed that, if we consented to test the preventive 
action of BCG against tuberculosis on infants, it was not until 
we had acquired the completest conviction that this " vaccine
bacillus " is and remains harmless, not only to the child, but 
to all sensitive animals. 

Many experimenters have endeavoured, like ourselves, to 
restore its virulence to BCG · R. Kraus and Gerlach at Vienna, 
Bruno Lange at Berlin Staniey Griffith at Cambridge, William 
~~rk in New York, Aidershoff at Utrecht, A. Ascoli at Mi1an, 
~rc~ner at Hamburg, Tzekhnovitzer and the Ukrainian Com
wssion at Kharkoff, Elbert, Gelberg and Zonkerman at Minsk, 
. ast~ and Catzap in Bucarest, G. Blanc in Athen.s, C. ~hagas 

.
1n Rio de Janeiro, etc., have never succeeded m domg _so. 
Tzekhnovitzer's experiments have been especially nu~~rou~ an~ 
prolonged. He has tried to make BCG virulent by mJectmg It 
Into organisms (gui~ea-pigs or monkeys) poisoned, for example, 
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by small doses of diphtheria toxin, or by increasing do 
tuberculin, or by a :vitamin-free diet; and into animals pre~es or 
infected with other germs, such as the streptococcus . anousiy 
successive passages from animal to animal ; all these' mett by 
failed; so did the partial or complete exclusion or the reti Ods 
endothelial system (removal of the spleen) (Tzekhnovj~~lo
Korshun, Elbert, etc.). er, 

None of these methods has been successful, so that R. Rra 
was able to state, and rightly, that _BCG was really a strain ~s 
Koch's bacill~s- finally and hereditarzly attenuated, like Pasteur•! 
anthrax vaccmes. 

It is only S. A. Petroff, of .the Tr~deau Laboratory, at 
Saranac Lake (N.Y.), who, notw1thstandmg the conclusions of 
all the bacteriologists throughout the world, claims to have 
succeeded in restoring the virulence of BCG by inoculating it 
by successive passages in the testicle of the guinea-pig. On the 
other hand, neither Cantacuzene nor Bruno Lange nor R. R:raus 
nor ourselves, nor any- of those who have taken the trouble t~ 
repeat this experiment, have obtained the same results. It is 
therefore to be supposed that S. A. Petroff must have used a 
culture containing, perhaps, some virulent bacillus of human 
origin. This is the more probable because he says that he 
isolated from his culture two kinds of colony""""7" R" non-virulent, 
and "S" virulent, for the guinea-pig, but of very little virulence 
to the rabbit. All the experimenters, however, who have 
studied the BCG culture coming directly from our laboratories 
have satisfied themselves that it is never capable of communicat
ing are-inoculable tuberculosis to the guinea-pig; it is, in fact, of 
purely bovine origin. It is therefore obvious that S. A. Petroff's 
S colony is derived from a virulent human bacillus accidentally 
introduced into his culture. 

In fact, S. A. Petroff told us in our own laboratory that be 
found only one "S " (virulent) co~ony in about 50,000 "R" 
(non-virulent) colonies. If this were so, 1 milligramme of BCG, 
which contains 40 millions of bacilli, should include 800 virulent 
germs. As 10 virulent bacilli are sufficient to induce fatal 
tuberculosis ,in guinea-pigs, all guinea-pigs which receive s~b
cutaneously 1 milligramme of BCG should die of tuberculosis; 
~n fact, however, it is easy to observe .that such a dose of BCG 
IS not only never fatal, but not even pathogenjc. 
. There is ~o j!lstification for the supposition that s_uch a 
recovery of VIrulence can take place in the system of vaccmate_d 
children, particularly as BCG is of bovine origin, and therefore IS 
naturally of low virulence for man. 
. We have already alluded to the researches of Zeyland an.d 
Mme. Piasecka:..zeyland with cultures isolated from mesentenc 
lymph-glands of children vaccinated who died from non-tuber
culous diseases. 
, J. Parisot, L. Fernier and H. Saleur inoculated guinea-pigs 

with the pus of cold abscesses caused by the subcutaneous 
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. culation of BCG to 11 i~dividuals of various ages. The 
~~~r could produce t~e shgh·~est tub~rculous lesion in th~ 
~ ulated animals. This pus dtd contam acid-fast bacilli but 
~~~ after remaining ~ months in the human body the l~tter 
e ved completely aVIrulent. 
pro Some of our ~linical colleagues have put forward the hypo
thesis that posst~ly, much later on, a~ter some years, BCG, 
having long re~amed a harmless. parasite,. may again become 

pable of causmg tuberculous les~ons. This apprehension also f: quite u~justifi~d •. !,or o~r expen~ents on a1~I!lals show that 
the " vaccme-baCllh - like t~1e _vu·ulent bac~Ih themselves in 
many cases -.are gradually eh~nnate~ and disappear, leaving 
no trace, and m tha~ cas~ the 1mmumty to tuberculosis, i.e., 
the resistance to ~e-mfect~ons, gradually. declines, so that the 
orcranism recovers 1ts capacity for contractmg tuberculosis under 
th~ same conditions as an organism which has never pre:viously 
contracted an infection.. . 

It is possible that, m the future, some laboratory device, 
different from any that has yet been tried, may succeed in 
restoring the virulence of BCG and making it capable of convey
ing tuberculosis to experimental animals; but what we can say 
with certainty is that, in the present state of our knowledge, no 
clinical observation and no laboratory experiment confirmed by 
several workers either proves or justifies the fear that BCG may 
be a source of danger to the subjects vaccinated. · 

XII. EFFECT OF BCG vACCINATION ON THE GENERAL 
INFANTILE MoRTALITY. 

It is surprising to observe that, wherever BCG vaccination is 
practised among children living in an apparently healthy envi
ronment, as well as among those whose families are tuberculous, 
the general mortality (from all causes) decreases progressively 
until. it reaches two-thirds or even one-half of the mortality 
ob~erved previous to the use of BCG, and still prevailing in 
neighbouring localities. 
· This fact is apparent in the statistics of Roumania. It is 

also a clear consequence of the vaccination campaign, already 
:eferr~d to, in the small town of Ligny-en-Barrois (Meuse). It 
Is noticeable also in other more important towns, such as La 
Ro~helle, where, since March 1927 until July 1928, 52 out of 
~~~ants born each month (832 out of 1,156) were vaccinated. 
lSmle the mortality of the· non-vaccinated was during these 

months 9.9 %. it was only 3.8% among the vaccinated .. 
d What are the causes of this difference between the general 
eath rates of the vaccinated and non-vaccinated, which clearly 

exce.eds the difference in mortality from tuberculosis directly ' 
a~cnbable to vaccination? Perhaps it may be ascribed to a 
8 mulation by . BCG of the lymphocyte · and lymph-gland 
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defences, since the BCG absorbed circulates in the lym h 
system. Whatever the explanation, the fact remains P atic 
reported in the answers to our investigation questionna. It is 
many physicians, who wonder why, during epidemics of ll!.~re 

1
hy 

whooping-cough or influenza, the vaccinated children sh as es, 
stronger resistance and die less than the non-vaccinated ~w. a 
their resistance is also higher to the gastro-intestinal inf~cti hile 
so common in infants. This is an additional proof andns 
particularly strong one, not only of the protective efficac a 
BCG against those infections the main or the secondary ageJt 0~ 
which is the t~bercle bacillus, but also of ~ts complete inn~
cuousness, for, 1f BCG were capable of producmg toxic effects or 
severe infections, the general death rate of the children vacci 
nated would be increased instead of being decreased, as it 8~ 
obviously is. . 

The use of the BCG method of vaccination against tuber
culosis may, therefore - as Jules Renault advised it, basing 
his judgment on his own clinical experience at the H6pital St. 
Louis -be extended to all children, whether born in healthy 
suspicious or infected environments, without fear of the slightest 
incident. 

XIII. ExPERIMENTS ON PREVENTIVE VACCINATION BY SuB
CUTANEous INOCULATION OF BCG INTO CHILDREN 

NOT PREMUNISED AT BIRTH AND INTO ADULTS. 

Even when we began our experiments on the vaccination 
of newborn infants per os, we thought that it would surely be 
possible to use BCG to premunise subjects of all ages who do 
not react to tuberculin, and who therefore stand some chance of 
being not yet, or no longer, infected by virulent bacilli. 

We therefore applied to the Health Departments of those 
of our colonies in which tuberculosis is still uncommon, and 
from which contingents of native troops are recruited to serve 
in certain home garrisons. . . 

Thanks to the very kind co-operation we have received, Jt 
was possible to make an initial experiment, beginning in 192~)' 
on some hundreds of young soldiers in West Africa (Senega 
and Madagascar. 

It is common knowledge that the African native, particular!~ 
if he lives in a district remote from the coast and has bad b~ 
little contact with Europeans, is sensitive to tubercuiosJs. 
When transported to the European continent, the natives very 
quickly contract severe forms of tuberculosis, which dev~o~ 
rapidly, closely resembling those observed in infants. .Tf e 
behave like organisms free from all previous immunising Ill e~ 
tion. The obvious thing to do, therefore, was to try to protecd 
them, not by ingestion of BCG - whose efficiency seerne 
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"kely to be too irregular, because the intestine of the adolescent 
h adult bas no longer m~re than a very doubtful and limited 
or acity to absorb bactena - but by subcutaneous inoculation 
~~pa dose which w~ set a~ one-tenth or on~-(wenlielh of a milli· 

mme because tlus dose IS as near as possible to the dose which 
~:longer produces a cold abscess at the site of inoculation. 

The e..'tperi~en·~ has const~ntly devel~ped, and at the end 
f l927 an official circular was Issued ordermg its extension to as 
~any as possible of t~1e young negro soldiers serving in France. 

We cannot yet g1ve the results, but we are already in a 
position to say that none of the Senegal~se or Malagasy (about 
2oo of each race) who ~ave been vaccmated and distributed 
among the F~ench ~arnson~ has cont~acted tuberculosis. 

Parallel With this expenment, We1ll-Halle and Turpin in 
Paris, J. Parisot at .Nancy, .and Wallg~en at ~othcnburg (Swe
den) were undertaking a senes of expenments m the vaccination 
of chlldren and adolescents of various ages by subcutaneous 
injections of varying doses of BCG. .The results are plainly 
interesting and encouraging. 

The same applies to the large-scale experiments in vaccina
tion of adult subjects which have been reported in recent publi
cations1 by J. Heimbeck of Oslo, and to those which have been 
carried on for nearly two years past by Scheel in rural districts 
of Norway. 

We are not yet quite certain of the proper dose of BCG to be 
injected subcutaneously at different ages. So far we have 
tried to avoid causing the formation of cold abscesses, and have 
accordingly injected only a very small dose of bacilli. J. Heim
beck and Scheel use 0.02 or 0.05 milligramme. Weill-Halle 
injects 0.05 millig1·amme even in very young children, and we 
have advised, for the expeliments now projected on Bantu 
negroes in South Africa, that the dose of 0.05 milligramme 
should be adhered to, since it scarcely ever causes an abscess 
and is sufficient to produce tuberculin allergy after from 4 to 
8 weeks. It might even be possible to reduce the dose further, 
down to 0.01 milligramme as J. Parisot and H. Saleur are doing 
in Nancy. 

The most impol'tant thing, however, to prevent the formation 
of a~s.cesses, while at the same time providing adequate pre• 
mumt10n, is that the emulsions injected should be ilzoroughly 
homogenous, uery fine and should contain no clumps or glass 
particles. ' 

Th7 preparation of these emulsions requires particular c~re, 
a special equipment (balls of rustless steel and not glass, flat Jars 
m(Sade of;" Pyrex" and not of glass), a diluent of ~onsta.nt pH 

.auton s synthetic medium of pH = 7.2, in a 1-m-4 dilution 
With sterile distilled water). Further, it is essential that before --

1 Anna.les de l'Inslilut Pasteur, 1928, Vol. 42, pages 170 and 956. 
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injecting BCG the vaccinator should satisfy himself b 
intracutane~'!s tuberculin tes~s (preferable to the .skin te~t Y ~UJo 
is less sensitive and less rehable), that the subJect to b~ Which 
nated is not in a state of allergy, otherwise he will cer~~ccj. 
develop an. abscess, ~s an expression of ~~ch's phenome 1nly 

We are mdeed satisfied that, even when lllJected in large ~011• 
(up to 10 mill~grammes) into tuberculou~ subjects, BCGs~s 
h~rmless, as Witness the numerous ~xper~ments of Sorgo ts 
VIenna, those of H. Maendl and 0. L1chtwttz at Grimmenst ~t 
(Lower Austria), and those carried out by us in collaborat~10 
with L. Guin:=trd; but if va?cinatio1;1 were ex~ended to sub·e~n 
already reacting to tuberculm, that IS to say, mfected in va J its 
degrees with virulent bacilli, it would be ineffectual. Its fa~~g 
would then be interpreted .in a had lig~t •. and the confidenc! 
which doctors and the pubhc may have m Its correct use would 
be lost . 

. . It is for that reason that, he! ore a~v?cating t.he extension 
of the method, we prefer to wait until Its techmque is more 
fixed, and we do not contemplate that it will be extended except 
with the assistance of phthisiologists or doctors familiar with the 
handling of tuberculin; whereas the vaccination of newborn 
infants per os can, as a rule, be satisfactorily carried out without 
prl,!.liminary training- as the wide expelience gained in France 
demonstrates- by medical practitioners, midwives, and visiting 
nurses from tuberculosis dispensaries. 
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. B. 

WORK ON BCG AND VACCINATION OF NEWBORN 
INFANTS IN VARIOUS COUNTRIES. 

(October 1928.). 

The bibliography of BCG is already considerable (more 
than 1,000 ~otes or p_ap~rs). In ~he following pages we shall 
merely mentiOn the pr!nmpal_expenmen_tal work and, as regards 
the vaccination of cluldre_n m the var~ous countries, we shall 
merely give, by countnes, summanes of the notes and 
observations which have been forwarded to us, 

I. ARGENTINE REPUBLIC. 

In the Argentine Republic, the _introduction of BCG for 
the preventive vaccination of newborn infants has been under
taken by Dr. Andreas R. Arena, Director of the La Plata Health 
Services. It has now been regularly used since 1925 on all 
children born of tuberculous mothers in the model maternity 
ward of the Tornu Hospital. By the end of August 1928, 
251 infants had been vaccinated. Their tuberculosis mortality 
(meningitis) was barely 1.1% and the general mortality 21.0 %. 
No ill-effects were observed, and the development of the 
premunised infants is absolutely normal. · 

Other vaccinations, numbering 715, until September 1928, 
were carried out in tuberculous families by several physicians 
in the province of Buenos Aires, without any incident being 
observed. 

In addition, animal experiments were performed . in a 
laboratory of the Ministry of Agriculture by Drs. Santiago 
S. Quiroya, Abel Rottgardt and Raphael Scisso, first on guinea
pigs, then on young pigs. They showed the complete inno
cuousness of BCG for these animals, and trials on a larger scale 
are being carried on in order to find out whether the method is 
practicable for the prevention of tuberculosis in pigs as the 
preliminary experiments tend to indicate. 

II. AUSTRALIA. 

Mr. Harold Woodruff Director of the Melbourne Veterinary 
School, has carried out' vaccination experiments with B~G, ~ 
bulture of which was supplied to him by the Pasteur Institute, 
ut We have received no recent report on the subject. 

III. AusTRIA. 

tl R. Kraus and Gerlach of Vienna, have, during the last 
e~ree. years, published so~e very importa':t papers on BCG 

penmental work. After numerous expenmen:ts, the results 
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of which had appeared to him at first to be contrary to 
he satisfied himself that BCG can determine the formati ours, 
tuberculous cells in the animal, and that consequently it c~n of 
be said to be free from all pathogenic properties; Whilstnnot 
the other hand, it is certainly not nosogenic, which mean' on 
sa~ that it i~ in~apable <?f cau~ing progres~ive tubercu~o to 
les10n_s. In his v~ew, !h~ m~oc~Ity of. BCG xs obvious, an~s 
in t~s respect, ~s ~pimon Is diametncally OJ?posed to that 
published by Ch1an, E. Nobel and A. Sole of Pirquet' 
School of Pediatrics. It should, moreover, be recognised tha~ 
the experiments described by the latter are anything but 
evidential. 

Working with Gerlach, R. Kraus carried out inoculation 
experiments with virulent tuberculosis, by scarification on the 
superciliary arch of monkeys vaccinated by BCG and of un
vaccinated monlceys, using the technique which R. Kraus had 
previously devised, jointly with Grosz and Volk, to show the 
efiects of re-infection on animals vaccinated with a benignant 
prima-infection. 

These experiments proved that, whereas tuberculosis becomes 
generalised in unvaccinated monkeys, it remains localised and 
not very aggressive in vaccinated monkeys. 

R. Kraus has asked the health authorities to allow Calmette's 
method of tuberculosis prevention to be used under their 
supervision in trials on children, and in large-scale experiments 
on cattle. • 

IV. BELGIUM. 

As early as 1924, Professor Malvoz and his assistant, Dr.J. yan · 
Beneden, organised a service for the preparation and distribut.ion 
of BCG at the Microbiological Institute of Liege University, 
and urged medical practitioners to use it. Their propaganda 
was so efiective that the number of children vaccinated in the 
provinces of Liege, East Flanders and Luxemburg has rapidly 
increased. 

In 1924, the number of children vaccinated was 38. . It 
rose to 147 in 1925; to 383 in 1926, to 867 in 1927, and durmg 
the first seven months of 1928 the figure of 1,200 has a~read1 
been reached. " Up to the present, there has been no sign °d 
trouble ", writes Dr. J. van Beneden, in a letter dat~ 
September 1st. "We have a few thoroughly typical I:istorieS 
of deeply infected families, with a record of babies dymg one 
after another from tuberculous meningitis up to the momen~ 
that the vaccine was administered. . . Everywhere we mee 
with nothing but praise and encouragement. " . 

Dr. Herman, of the Mons Institute of Hygiene, IS also 
preparing BCG for the western provinces of Belgium. 
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v.· BRAZIL ... 

rminary experiments carried out at the Oswaldo Cr~~ 
~fut~ in RiO de ~aneiro prove.d the innocuousness of the BCG 

rnsti to guinea-pigs and rabbits, even through intracerebral 
cuituf tion in the latter, of the enormous dose of 30 milli
inocu aes: The Di~ector of· the In~titut~. Professor Carlos. 
gra~ after reaching an understal!-~mg With the ':ital Brazil 
Cbaltute in Nictheroy anc:I. theB~azihan League agrunst Tuber
ruins • decided therefore m Apnl 1927 to increase the use of 
c 0515• . hihh db t" d . BCG vaccination, w c a een prac 1se on an expenmental 

ale since 1925. Until. June 30th, _1928, 656 children, 'th~, 
sc "ority of whom .were m contact With· tuberculous patients· 
Jll!le ·vaccinated. Their development was quite satisfactory 
w d no ·untoward incidents occurred. 
an On the other hand, from April 1926·to April 1928, A. de· 
Assis with Professor 0. Dupont, of the Graduate School of 
Agri~ulture and Veterin:try Me~icine, vaccina~ed 45 calves in a 
herd highly infected With boVIne tuberculosis (80 %). These 
caives remained in strict and continuous co-habitation with 
tuberculous animals. They were re-vaccinated after one to 
two years- each time ~ith doses of from 50 to 100 milligram
mes of BCG. The vaccinated calves grew normally and' at the 
end of the se<;ond year none of therri showed the slightest sigri· 
of tuberculous infection, though they had been exposed to !l: 
mass and continuous contamination· and though the controls,· 
when slaughtered, showed without exception cha.racteristic: 
tuberculous lesions. . · · 

It was decided to continue the use of BCG for. the prophy-
laxis of t~berculosis, both in infants and bovines~ · 

. VI. BULGARIA •. 

The BCG vaccine has been prepared and distributed by·; 
the Sofia Institute of Hygiene (Professor T. Petroff) sine~· 
October 1926, at the request of the Directorate of Publi( 
Hhealth, and afte_r a favourable opinion had been given by,· 
t e General Medical Council. . 
li ,In _1927, 352 c~ildren were vacc1nated, of wh?m 16 wer~, 
vlng m contact With a tuberculous mother, 11 With a tuber'
~S 0~5 father, 3 with a tuberculous mother and father,, 9:nd 
in With tu_berculous collateral relatives; 176 others were hvmg 
chiidn en':IrOnmen~ in which tuberculosis was ;ife. A single 
llloth which w~s m contact with ·a consumptlye father ·and 
day) e~_and which had been vaccinated too late"(llth·to 15th 
culo' Ied at three months from catarrhal - probably tuber~' 
be p~~f~~~~ncho-pneum~nia, . but a post-mortem could ~~~·: 
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Of the other children vaccinated, 12 ·died of non~tub 
diseases. The general death· rate was thus 5.8 Per erculoll& 
the tuberculosis death rate 0.48 per cent among tlie v:e~t and 
children. " Convinced as I am of the efficacy of the v~Cl~ated 
Writes .Professor T. Petroff, " I regard it as the most ccl~e ", 
means of preventing tuberculosis in this country es;eh.abJe 
at the present time when we are faced with such' had ec1~ly 
and economic conditions and a lack of hygienic educat~~~~~ 

VII. CANADA. 

The School of Applied Social Hygiene of the University f 
Montreal (Di~ecto~, D_r. A: Baudouin) u,n~erta~es the preparati~ 
of BCG and Its distribution and admxmstrat10n by its visitin: 
nurses after consultation with the medical practitioners. From 
June 23rd, 1926, to June 30th, 1928, 615 children were vacci
nated, 113 of these being more than 12 months old by the latter 
date ; 53 are living in contact with germ-carriers. Up to the 
present, 27 deaths in all have been recorded, all of them due 
to non-tuberculous diseases. The general death rate is thus 
4.3 per cent and the tuberculosis death rate nil among the 
vaccinated children. 

A Committee of Tuberculosis Research was set up in the 
province of Alberta in order to try the method of BCG vaccina
tion on newborn calves .. The Committee is presided over by 
Mr. Bow, Minister of Health. It includes all scientific authorities 
of the university and province. Its Rapporteur is Professor 
Allan C. Rankin. The Committee published a preliminary report 
on its r~searches b~gun in 1925. According to this reJ?Ort, ~ot 
only d1d BCG prove innocuous and incapable of mduCI~g 
progressive tuberculous lesions, but its immunising properties 
were demonstrated particularly through an experiment on 
23 calves, of which 16 were vaccinated and 7 used as controls. 
The vaccinated calves were first fed with pasteurised milk only 
for two months, then brought into contact with a tuberculous 
herd and fed with milk containing bacilli: One year later they 
were slaughtered and none of them showed any trace of tuber
culous lesions, although all controls with one exception, proved 
severely infected. · -~ 

T~e trials . ~ave now been largely extended to suit the 
practical conditions of cattle-raising. 

VIII. CHILE. 

BCG is prepared · for the vaccination of calves b¥ the 
laboratory of M. Descazeaux and for the vaccination of cbddren 
by Dr. M. A. S~pulveda at the. Husmul Hospital. . · 

From t~e begmning of 1927 to January 1st, 1928, 600 .c~Jldre~ 
were vaccmated, 80 of them in Dr. Monckeberg~s cbniC an 
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120 in .. that of Dr. 0 •. Salas. The majority are children -of 
tuberculous parents.. . " . , . -: ·. .: . :, 
. .. We are m a ~osition to state , wr1tes Professor .FontecilJa, 

,; ·that the method Is absolu~ely harmless. None of the vaccinated 
children has shown the . slightest pat~?logical reaction or any 
suspicions of tuberculosis symptoms. 

IX. CUBA. 

, Dr. Oscar Jaime, Professor at the Faculty of Medicine at 
Havana and Director ~f the Anti-Tuberculosis League Dispen
sary ltas started a vigorous propaganda campaian in favour 
of the use of BCG, whi~h is prepared by the Labo:'atory of the 
League and by the National Laboratory of Cuba. The vaccin
ation of newborn infants of tuberculous parents was first per
formed at the Municipal Hospital, in the last months of 1927. 

X. CzECHOSLOVAKIA. 

The National Veterinary Institute of Brno has undertaken 
the work of preparing the BCG vaccine for the prevention of 
tuberculosis in cattle. One of the members of this Institute, 
Dr. R. Harnach, has given special attention to the vaccination 
of poultry with a strain of aviary BCG which the Pasteur 
.Institute supplied to him. In a first note, published in the 
Annales de l'Institut Pasteur, he reported the highly encouraging 
results which he was able to obtain, although the strain used 
was not yet sufficiently attenuated (105 passages on bile). He 
found that chickens, and especially chicks, can be vaccinated 
with complete success, through the· digestive tract, against 
infection by heavy doses of virulent culture also introduced 
through the digestive tract. 

XI. FRENCH WEST AFRICA AND NORTH AFRICA. 

Since 1925, the Dakar Pasteur Institute has introduced the 
use of BCG as a general practice in the Dakar and St. Louis 
maternity hospitals. Nearly 2,000 children of the black race 
and 80 children of the white race born in -these two towns, 
have been vaccinated without the' slightest trouble occurring. 

In Algeria, since the end of 1924, Dr. Edmond Sergent and 
Mile,. Rougebief have been preparing BCG at the Algiers Past.eur 
Insti~u:te and supplying it free of cha~ge to all medical 
rractttioners or midwives who care to use It.. By October ls~. 
928, 2, 963 newborn infants had been premunised. Out of this 

number, 1,399 had been vaccinated within one to three years 
~~d 124 of ~hem ~ere born of tuberculous mothers or had b~en 

ought up 1n an Infected environment. Only one of them dted 
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from a 'presumably tub~rculous _infe'ction (diarrh~ pe .. 
for a month; with terminal memngeal symptoms). rs1st1ng 

The g~ilera1 mortality of the vaccinated during the first · 
was 7.0 %- . Year 

·• In Morocco, the bacteriological laboratory under the directi 
of Dr. Hornus at Rabat has, for some months past, be ?n 
a position to meet all the req~ests fo~ _BCG: w~ich are ~~In 
to it. Dr. Lapin is now engaged m orgamsmg distnbution centrde 
at Casablanca Mazagan and Fez, and Mr. Balozet, who is ~ 
charge of the iaboratory work of the agricultural departme ~n 
is carrying on interesting researches o~ the vaccination of you~ • 
pigs. · g 

At the. Tangiers Pasteur Institute, Dr .. ~emlinger prepares 
BCG and has done a great deal of experimental .work which 
bears witness to its absolute innocuousness, not only to labo 
ratory animals but also to man. Thus, having had the opportu: 
nity of observing a child of 10 years who was suffering from 
leonine leprosy, and who had come from Iquitos (South 
America), he attempted - though, it should be said, without 
any very considerable therapeutic result - to treat it with 
subcutaneous injections of BCG in gradually increasing doses. 

From September 1927 to March 1928, the child in question 
thus received without any ill-effects an aggregate dose of 
2 grammes of BCG, in nineteen injections under t~e skin of 
the thigh, the doses per injection ranging from 1 centigramme 
to 1 Y2 centigrammes. Each injection produced a slight thermal 
reaction with lassitude and fever lasting from 24 to 36 hours, 
and then gave rise to an abscess which was accompanied by 
no adenitis and which, after opening of its own accord, quickly 
healed. It is impossible not to regard tlrls as the plainest of 
proofs of the complete harmlessness of BCG. 

In Tunis, a BCG vaccination service for children has just 
been started by Dr. Charles Nicolle. 

XII. GERMANY. 

'A: large. number of pap~rs on experimental work haye been 
published m Germany dunng the last two years, particularly 
by B~no Lange (Robert Koch Institute), Seiter (Bonn) and 
~~~chner (Hamburg), Kolle and Gersheimer (Frankfort-on-

Only a few experimental vaccinations of children have been 
carried out up till now. From 1925 to the end of July 1927, 
H. Buschmann,t at Bleialf, in the Eifel vaccinated 89 children 
of tuber~ulous families without any iii-effects. The c~il?ren 
have thnven. · N~ne has died. OI these children, 30 were dmded 

• Monatachrltt fQr Kinderhellkunde, 1928, vol. 37, page 393. 
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. to cy.ro g:oups ; 15 were removed _from the tuber_culous environ
~ent at b1rth, ·and· ~roug~t. back mto cont~ct Wlth tuberculous 
erm-carriers i~ thei~ families at the end of t~e first year. The 

g tber 15 remamed m the tuberculo11s environment without 
0 thing being done to prevent contagion. · · .. 
anY The mortality ~rom various diseases was not higher amorig 
the vaccinated . children th~n among the :unvaccinated. Two 
cases of bronchial pneumoma among vaccmated children were 
completely cured. . . . . . . . 

.H Buschmann mfers from this that vaccmatwn IS completely 
barmiess. In his vie":, there i~ nothing to suggest that the BCG 
can undergo a _reversiOn to y1rule!lce. It proves efiective as a 
protection a~amst natural mfection. The method . is simple 
and inexpensive. 

From the experimental work which he has carried out alone 
or jointly with K. Lydtin on guinea-pigs and rabbits Bruno 
Lange, of the Robert Koch Institute, has been led' to the 
conclusion that BCG has completely lost its virulence and 
cannot recover it by passages through animals. The guinea-pig 
is able to tolerate large doses of culture injected by the parenteral 
route without any progressive tuberculous process being 
engendered. Small foci occur in the viscera, as was noted by 
Kraus, Korschun, Seiter and Blumenberg ; but the. infection 
does not develop. Nor does it develop after inhalation or inges
tion of BCG. The small foci heal and disappear. If a specimen 
is·taken from these in guinea-pigs or :rabbits, and inoculated 
into healthy animals, no recovery of virulence is observed. · 

B. Lange's research work bas also shown him that guinea-pigs 
inoculated with BCG acquire a much higher degree of sensitive
ness to tuberculin than those which have been given dead 
bacilli, a result which is contrary to those obtained by Bessau. 

Using the method of ingestion, B. Lange was unable, even 
with enormous doses of dead bacilli rising to 1 gramme, to 
render: 18 guinea-pigs sensitive to tuberculin, whereas with 
~CG 8 animals out of 10 reacted. Ten guinea-pigs which had 
mhaled large quantities of dead bacilli were not rendere~ 
sensitive, whereas, with BCG, 5 animals out of 8 became allergic. 

By preventive inoculation it is possible, as pointed ?ut by 
Cal~ette, t~ confer on guinea-pigs a certain pow~r o~ res1sta~ce 
to VIrulent Infection;, but the effects of protectiVe I~oculation 
?nly la~t for a certain time. This power of resistance IS e~erted 
In a ~1ghly effective manner against infection by strau;:ts of 
~w VIrulence, but it is also noticeable in the case of highly 

VIrulent strains, whether the infection by such strains is intrQ
~:eed subcutaneously in small doses, or by inhalation through 

e natural channels. . . 
in Generally spea~ng, B. Lange con~rms.A .. ~almette's r~sults 
hi regard to the Innocuousness and 1mmurusmg properties ~f 
exs c~lture. Recently; he attempted to repell.t S. A. Petroff 5 

penments. but was unable to- secure the same results.. : 
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In his very interesting work, 0. Kirchner endeavoured 
increase the virulence of BCG by successive passages to 
re-inoculations on the cornea of the rabbit. He succeeded~d 
carrying out three series of five to six passages, but no lll In 
He comes to the conclusion that BCG really is a bacillu~~· 
which the attenuation of virulence has been fixed. . . . ln 

At Frankfort-on-Main, Kolle and lgersheimer have expe. 
mented with the inoculation of virulent bovine bacilli into t~
anterior chamber of the eye of rabbits vaccinated with BCG 
by the intravenous route. They found- that in the vaccinated 
animals the lesion of the iris remains local, whereas in the 
unvaccinated it quickly results in the generalisation of the 
tuberculous process. 

XIII. GREAT BRITAIN. 

Up to the present, the public health services have taken 
no decision regarding the preparation and use of BCG. A few 
vaccinations have been carried out privately in London, Glasgow 
Leeds, Manchester, Cardiff and a few other places, with dos~ 
of vaccine. procured from the Pasteur Institute of Paris, and 
sent by air to tuberculous families at the request of medical 
practitioners. None of these families has had cause to regret 
it. for no ill-effects ha,ve been reported to us. 

Experimental research work has been undertaken by Stanley 
Griffith at Cambridge, by S. Lyle Cummins at Cardiff, by 
R. A. O'Brien, C. C. Okell and H. J. Parish at the Wellcome 
Physiological Research Laboratories. 'They all confirm the 
innocuousness of BCG to experimental animals. · 

XIV. GREECE. 

. On April 14th, 1925, the Greek Red Cross started a service 
for the vaccination of newborn infants against tuberculosis, 
fust 'in 'the maternity ward of the Athens Refugee Hospital 
·and then in the dispensaries. This service,. under the direction 
of Mlle. H. Vassilopoulo, had, by the beginning of 1928, premun
ised 699 infants. The vaccine is prepared by the Athens Pasteur 
Institute (Director, Dr. Georges Blanc).· 

· Of these infants, 74 remained in contact with tuberculous 
parents, whilst· 625 were living in uninfected surroundings or 
were not in contact with any known source of infection; 37 
were born of tuberculous mothers. 

The tuberculosis death rate of these infants was 0.8 per c~nt. 
(one single death from athrepsia and broncho-pneumonia po.ssih!Y 
tuberculous),· ·while the tuberculous proportional mortahty Ill 

Athens among. children unvaccinated, Jiving in tubercula~~ 
contact and ·supervised by the Red Cross. visiting nurses 15 

12 per cent. 
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XV. HUNGARY. 

Or J{oranyi and Professor Bokay have for some 
Profess · · th t' · ast been or~aniSl!i~ e preven lVe ~accmation of 

JllonthS l the Matermty Chmc of Budapest Umversity. The 
infa~ts ~ prepared by Professor Hugo Preisz. · 
"accine IS 

XVI. INDO-CHINA. 

F Ifi 1925 to January 1st, 1928, the Saigon Pasteur 
ti{0te reported that 48,000 children had been vaccinated· 

Ins t:e Saigon and Cholon maternity services, 17,000 being 
by It with in 1927. At Hanoi, where BCG is also prepared by t:! local Pasteur Institute, 6,500 infants were vaccinated in 
192~any of these infants are supervised by the dispensaries 
ttached to the maternity clinics. No ill-effects have been 

:bsef'\'ed. Vaccination is readily accepted and even desired 
by the native families. The medical profession and the public 
regard it as entirely harmless. 

XVII. ITALY •. 

Extensive experiments with BCG on a large number of 
animals (cattle and goats), and subsequently on children, were 
undertaken at the end of 1925 by Professor Alberto Ascoli at 
Milan and in the whole of Northern Italy; and, somewhat later 
(beginning of 1926), at Bologna by Professor Ottolenghi. 

In July 1928 Professor Ascoli published statistics1 relating 
to 222 infants vaccinated in Lombardy and Venetia and in 
Tuscany; 22 of ·them between the ages of 2 and 3 years ; 122 had 
tuberculous mothers, 50 tuberculous fathers, and 20 tuberculoua 
mothers and fathers. · · : 

Among these vaccinated children the general death rate :as 9.9 per cent, the tuberculosis death rate 0.4 per cent (a single 
eath, probably from tuberculosis, but not verified). 

XVIII. JAPAN. 

th BCG is being studied at Profess~r Sata's laboratory and at· 
De Juberculosis clinic of the Osaka School of Medicine by 
air. atake, J?r. A. Imamura and Dr. M. Takahashi, who have 

ready Published a summary of their first research work. 1 ---· . ~~~~ 1ga2c8cinazione anlitu.bercolare con bacilli vi~i negli animali e nell' uo~o • • 4' . 
lllUiles de l' Imtitut Pasteur, December, t927, pages 1330-1334. 
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Their experiments showed that a dose of 0.01 :rnur 
of BCG is sufficient to render guinea-pigs sensitive to t~f'atnllle 
and to produce local (cutaneous) immunity. ercuJin 

Doses .below 0.01 · milligra:mme are ineffectual. . 
•·. They also showed that, by a suitable dose of BCG . 
pigs can . be immunised against intestinal infection: runea. 
human type of virulent-tuberculosis bacillus; and the irnrf ~he 
is evident, even though the intradermal reaction shoul~'\ty 
negative in these animals.. . · e 

On June 18th, 1928, ·Professor Sata informed us that 
.had completely satisfied himself of the absolute harrniessn he 
of B~G ~?r laboratory animals. . ess 

XIX; . LATVIA. 

. Professor Kirchenstein, of Riga, has been preparing ·BeG 
$ince February 1925. By December 31st, 1926, 28 infants 
whose ages now range from 1 year and 8 months to 3 Y2 years' 
had been vaccinated; 3 died of non-tuberculous diseases. Th~ 
general death rate of these vaccinated children is 11.5 per cent 
Their tuberculous death rate is nil. 

. . . 
XX. MAURITIUS. 

In Mauritius there is a laboratory under the direction of two 
ex-students of the Pasteur Institute, Dr. Barbeau and Dr. Maya, 
who have been devoting their .. efforts since .1925 to spreading 
the p:ractice of .BCG .. vaccination. On. December 31st, 1927, 
~,400 newborn infants. had been premunised, that is: 

,)I;J..1925 .(four 'm,onths) ........... ·.• .. . . 62 
In 1926 • · ... ·, • :. .. . .• . .. . . .. •.• • . • . . . .. . 792 
In 1927 .....••....••.......... , .••.. · · t',546 

: ... , A~~th~ tim~--of dr~fti~g the last ~eport ·(March 31st, 1928), 
information had been obtained on 787 infants vaccinated by 
27. medical practitioners; 32 had died of non-tuberculous 
diseases. Their general death rate. w~s only 4 per cent, w~ereaJ 
the general death rate· 'in· the Island among non-vaccma~ 
children of the sam,e age wasJ1.9 per cent during the penod 
September ·tst, 1925, ·.to March 31st, 1927. . 
· ·. Of the vaccinated· ~hildren, 28 remained in· contact Wlth 
th~ir germ-carrying parents: . All of these develOped noJ1ll!ll1Y 
in spite of' very uiisatisfa'ctory conditions of hygiene and hous;ng~ 

From July 16th, 1926, to December 31st, 1927, 419 ca v:d 
were vacci~ated by M .. Lio_nnet, veterinary surgeol?- attach re 
to• the Agncultural Sel'Vl.ce m the Island. These annuals. !e • 
in no way affected in their gx:0:wth. . . . · · · .. · ' 
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:XXI. NETHERLANDs.· 

Dr. Heijnsiu~ van. den Berg, President of the 'Amsterdam 
Anti-Tuberculosis SoCie~y. had, from January 1926 to the end 
of l927, pers~nally vaccmated 80 newb.orn infants, all of whom 
were living m tuberculous su!roundmgs and all of whom 
developed ~ormally .. These children proved resistant to the 
cormnon childhood ailments - measles, whooping-cough, etc. 
Only one death from a presumably tuberculous disease occurred 
in a child of 18 months. Another of the vaccinated children 
died of her~ditary. syphilis. . . . . 

Fifty children hvmg under smular condrbons were used as· 
controls. At the end of 18 months, 12 had contracted tuber
culosis (24 per cent) and 9 (18 per cent) had died. In addition 
to this, one of ~he cont~ols had died of pneumonia. As all these 
children died m hospital, a post-mortem was performed in 
every case. 

Dr. Heijnsius van den Berg reports a particularly interesting 
observation of a vaccinated child, 1 year and 8 months old, 
whose mother was seriously ill with pulmonary tuberculosis; 
this child remained perfectly healthy, whereas a small cousin, 
1 year and 10 months old, who had not been vaccinated, con
tracted tuberculosis from the same source of infection. It may 
be assumed that the small cousin could not have been infected 
from any other source; she regularly visited her sick aunt and 
often shared her bed. 

Professors Aldershoff (of Utrecht) and van Loghem (of 
Amsterdam) have experimented separately with BCG. They 
came to the conclusion that BCG is harmless, that it does not 
produce re-inoculable tuberculous lesions in animals, and that 
its virulence was not modified even after a series of 21 cultures 
'on potatoes in contact with unheated glycerinated horse serum. 

XXII. NORWAY.· 

Highly important experiments were started at the beginning 
?f 1926 by J. Heimbeck and 0. Scheel with the object of apply
mg the method of BCG vaccination to adolescents or adults 
who did not react to tuberculin and were hence presumably 
not yet infected by the tuberculosis bacillus. These experiments 
are being carried on first at the Ulleval Hospital Nursing School, 
Oslo, on 89 nurses,' and, secondly, with the inhabitants of Oslo 
and three rural districts. At the moment, they cover 1,393 ~e~
sons of various ages who received doses ranging from 0.05 milh
grammes to . 0.01 mil1igrammes of BCG. D_r. Heimbeck has 
already published two papers on these expenments.1 He also 

1 
Annalt.t del' Insiltut P~teur, 1928, February, page 170; and August, page 956· 
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reported on his own vaccinations and on those carried out by 
Dr. Scheel in document C.H./BCG/6; The results are highly 
encouraging and agree with those obtained by B. Weill-Halle 
in Paris, J. Parisot at Nancy and Wallgren at Gothenburg. 

XXIII. PoLAND. 

Since February 1926, the Directorate-General of Health and 
the Union of Polish Anti-Tuberculosis Organisations have been 
using the method of vaccination with BCG; the vaccine is 
prepared at the State Hygienic and Serotherapeutic Institute. 
A special vaccination committee is presided over by Professor 
r.'lichalowicz, director of a clinic for children's diseases at 'Varsaw. 

Previous to June 1st, 1928, 349 children had been vaccinated 
at Warsaw, 601 at Poznan. The vaccinated children, several 
of whom are over two years, all develop normally and show 
so .far no sign of tuberculous infection. Beside Warsaw and 
Poznan, Wilno, Czestochowa, Lodz, Suprasl and Pabjanice have 
organised BCG vaccination services. 
_ . Highly interesting research work has been carried out at 
Poznan by Dr; and 1\fule. Zeyland, with the object of detecting 
BCG elements in the organs of children vaccinated at birth 
per os who have died of various diseases. These scientists have 
been able to perform more than 34 post-mortems, and, except 
for one infant which was not isolated after vaccination and 
which lived in tuberculous surroundings, none showed · any 
tubercular lesions. · 

In three cases it was possible to recover BCG cultures, one 
of these cases being that of a child which died of erysipelas 
at the age of 3 months. Guinea-pigs inoculated with these 
cultures remained unaffected; which proves that the BCG had 
not increased in virulence by remaining in the body of· the 
children; which also proves that BCG is absorbed through the 
intestinal mucoso. 

A paper by the same authors1 showed that BCG is harmless, 
when used under the conditions prescribed for anti-tuberculosis 
vaccination, and that-necrotic lesions produced in animals by 
the inoculation of heavy doses of culture are due to the fact of 
the baccilli being then concentrated in· clumps in the tissues. 
These lesions, which are not inoculable in series, are identical 
With _those produced by. injections of BCG or virulent bacilli 
killed by heat. -· ~ . -
. XX:IV. ROUMANIA. 

· Experiments in the .vaccination of newborn infants have 
been carried out on a large scale.!n Roumairla .sine~ the end of 
1926, under t~e direction of Professor J. Cantacilzene. At the 

1 A.nnales de l' Institut_ Pasteur, June 1928, page 652; and Dece.mbe~ ~928 
(supplement). • . · - . · . · · · · ' · · · · · · 
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there are two cen~res for the preparation of the vaccine, 
xnoxnen\ Bucharest Institute of .Serotherapy, the other at the 
0ne at { ~itute of· Hygiene, the latter· under .the direction of 
JassY ns Chica. . . . . 
profess~~e end of March 192~, two years after the first trials, 

·:BY ber of children vaccmated was 9,274, 6,083 of whom 
tbe n_ulllBucharest, representing 64.9 per cent of births; 413 were 
were tn d . . ayearol. · 97 . 
o\'l:f Craiova 695 out of 0 mfants born were vaccinated 

A.~rnaining' 275 being left as unvaccinated controls. Th~ 
the r l death rate was 26.4 per cent among the unvaccinated 
gene': 4 er cent ainong the vaccinated. · 
andA.t Jfssy the general death rate has during the last three years 

t ated b~tween 14.95 and 15.30 per cent among unvaccinated 
:~d~n below 1 year of _age. In 1927, it :was only 5 per cent 

ong the vaccinated children. 
am The tuberculosis death rate was practically nil - 1 death at 
Bucharest out of 5, 767 vaccinated children and another at 
Craiova out of 695 vaccinal~~ children. These two children 
belonged to tuberculous famthes. 

:By way of conclusion to his report, which was submitted in 
April 1928 to the Office international d'Hygiene publique, 
Professor Cantacuzene writes : " The efficacy of anti-tuber
culosis vaccination by BCG seems plain, and it is entirely 
harmless. " . 

Dr. Nasta. and Dr. Catzap have made exprimental attempts 
to increase the virulence of BCG by injecting it subcutaneously 
in doses of' 10 milligrammes to guinea-pigs and subsequently 
treating the animals by repeated injections of tuberculin. All 
of these gave a definite reaction to this substance, no sign of 
~ctivation of the .infection· being noticeable in; the guinea-pigs, 
So far as they .were concerned, the ·BeG remained harmless. 

XXV. RussiA (UNION OF SociALIST SoviET REPUBLics). . . . 

Numerous important experiments have'been·carried out at 
:~ sugg~stion of the late Professor Tarassewitch in several 
a oratortes ~nd hygiene organisa~ions of Russia. Prominent 
~hong themts the Ukrainian Commission; set up at ~harkoff for 

e study of.BCG, which has published a whole senes of papers 
~~ t~~ expenments which have been carried out uninterruptedly 
cattl e last three years, both by the vaccination of young 
·0r t ~ and by that of newborn infants. The first three reports 
in 1i~7~ommission appeared in the Annales del' lnstitut Pasteur 

Th and 1928. (See also document C.H:,BCG.,3). 
work e members of the Ukrainian Commission shared out the 
BCG iamong. themselves, and have stu~ied the q~e.stion of 
Pathol:g.all

1
·1ts. aspects; from the expenmental, climcal and 

tca pomt of view. · . · 
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. =The ~xperimental reports are drawn up . by 'p 
J'zekhnoVItzer, ·who cO'nfirms the complete absence 

0
{ 0fessor 

genicity in BCG and the permanence of- the characteri ~atho
this strain. All the attempts to render BCG virulent sf~ of 
With that object in view, all sorts of laboratory devices a ed. 
tried·: inoculation of animals weakened- by avitamino . Were 
poisoned, eitber by repeated' doses of tuberculin or by ~Is,. or 
such as diphtheria toxin, or infected with pathogenic orga~Xins 
such as streptococcus. Sins 

·. It was ·.also found ,that the BCG excreted during the la ta 
tional period through the ¢alll:mary glands of animals Whi · 
had been vaccinated when young was never virulent. Passages c~ 
culture through the testicles of guinea-pigs did not increa 0 

its virulence, a result which is contrary ~o that reported b; 
S. A. Petroff, of Saranac Lake (N.Y.), and 1twas not possible to 
isolat~ vi~lent an<l: non-virulent colonies from the culture. 
· Dr.· Iakhnis, who was especially entrusted with the testin 
of BCG through vacc~mition of children living in tuberculou~ 
surroundings, ,has, from September 1925 to August 1st, 1928 
vaccinated 695 children, whom he has been able to keep unde~ 
regular ~bservation. .Of these, 290 are now between 2 and 
3-years old and.202.between 1 year and 2 years old.· . · 
. The general death rate among the vaccinated children up to 
the age of 1 year was 5.2 per cent, and 2.2 per cent between the 
ages of 1 and 2. That of the unvaccinated controls who were 
living, like the vaccinated children, in infected surroundings 
was 8.3 per cent up. to the age of 1 year and 4 per cent between 
_the ages of·l and 2. · 

·.· 'The tuberculosis mortality among vaccinated children living 
in inf~~ted fa:Dillies was 2.5 per cent up to the age of l year and 
. riil between the ages of 1 and 2. Among the unvaccinated children 
living under the same conditions it was 16.9 per cent up to the 
age of 1 year and 9.8 per cent between the ages of 1 and 2. 

The · observation of cliildren premunised with BCG and 
kept away from any ~ontat~t with tuberculous persons confirms 
the absolute harmlessness of BCG. 
:· In. three years, ·the Ukrainian Commission has expelimen~ed 
on a large number of animals : '700 guinea-pigs, 300 rabbits, 
$0 head of cattle, 5 goats, 2 foals and 6 monkeys. It has ~lso 
carried out. clinical and anatomical~ pathological observatxons 
on 800 neu,Jborn infants, and was 'able to perform 50 _post
mortems on children who had been vaccinated and had died of 
various diseases, carefully examining their organs an? inoculat; 
ing from them in ca.se of doubt. Such inoculations neve 
prod~ced tuberculosis_in experimental animals. . 

8 Other researches . have been carried out in var1ou 
laboratories at Moscow, :Kiev and Leningrad. In g~neral, theY 
have led to the same conclusions. · 
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VI . l{rNGDOM _ oF THE SERBS, CRQATs A:~o SLOVENES. "" . . . - - -

. 
0 

centres- for the preparatiOn and distribution of BCG 
~w are now in existe_nce, one at Belgrade {Institute of _ 

,acc!ne professor Rancov1tz) and one at Dubrovnik (Dr. Igor 
1-IYgrA::~rhov). During 1927, and .until September.· 1928, 
~- ·nfants had . been vac~mated etther in t~e maternity 
321 J of the National Hospital or at the obstetncal clinic in 
war ~de. Some other vaccinatio_ns were do_ne in the Depart
Bel~ of l{ragujeva~. . All the children vaccmated were living 
!lle1n£ected 8urroundmgs. After a year the mortality from 
1n rculosis was nil. In a Belgrade orphanage, Professor 
~b:oslavievitch vacci!lated subcutaneously ~0 children between 
~a es of 6 to 17 With doses of BCG rangmg from 0.25 mgr, 

th 0_f mgr. NearlY; all of them had a loc~l abscess without 
:mplications. Thetr state of health. remamed excellent. _ 

XXVII. SPAIN. 

BCG-is prepared at Barcelona in the Municipal Laboratory, 
at Ma:drid in the Alfonso XIII Institute, and since 1926 in-the 
Llorente Institute (Dr. Megias). _ 

In January 1928, we received, from Madrid, a report of 
the Director of the Llorente Institute giving an account of 
the vaccinations performed by a number of clinicians, pedia.., 
tricians and accoucheurs. In the foundlings asylum, La Inclusa, 
in Madrid, 358 newborn infants were vaccinated, 880 other 
infants being left unvaccinated for purposes of comparison. By 
the end of the first year, the tuberculosis death rate among the 
vaccinated infants was 1.1 per cent. Among the unvaccinated 
infants it amounted to 3.8 % per cent, all cases being verified 
by post-mortem. · _ 

At the Alfonso XIII Institute, Dr. Partearroyo undertook 
experimental work to see whether he could suceeed in increasing 
the virulence of BCG in laboratory animals. He did not succeed .. 

Professor Saye has been following up the cases of th~ 
277 children vaccinated during the last four years at Barcelona, 
together with 285 unvaccinated infants living in similar tuber
culo~s surroundings. The results of his observations -are. 
pubhshed in document C.H./BCG./12. 

·.. '· 

· XXVIII. SwEDEN. 

Bc~everal laboratories have undertaken the preparation of 
. : at Stockholm, that of Professor Jundell's pediatrical 

::~ce; at Gothenburg, that of Professor Wallgren's pediatrical 
!'Vice; at Upsala, that of Dr. Carl Naeslund. 

va Af> f~r back as 1925,- Dr.. G. Krikork had carried out BCG 
u ~nations on children born of tuberculous women who were 
n er treatment at the Falkenberg sanatorium. In -a letter 
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dated March 14th, 1928, he wrote to say that he ha 
vaccinated 16 children, and added: "none has died and ~y then. 
that those who contend that, other conditions befn ~ It see1118 
vaccinated children develop better than the others ~req~al, the 

. Dr. ·Carl Naeslund, of Upsala, informed us that in a l'ight ". 
with the National Swedi~h Antitubercul~sis League, an ;reelll~n.t 
trial of BCG had begun m August 1927 m the ProVince ~tens1ve 
botten, in which tuberculosis is particularly rife. . In Sep~ Norr. 
1928, 960 infants had already been vaccinated without ille~er 
and with satisfactory results. Until now none died-~ ect 
tuberculosis. J 0111 

At Stockholm, Professors Jundell and. Forssner vaccin te 
to begin with. (up to November 15th, 1927), 120 calves Whl d, 
were then placed in infected cowsheds, together with a~ eq c~ 
number of control calves. These experiments are. bein c~a 
tinned and have now been extended to a larger number of anlfmat 
At the same time, the vaccination of children of tubercula:· 
mothers is being proceeded with in the pediatrical clinics 8 

From Falun, Dr. Malstrom wrote as follows, on December 
23rd, 1927 : " I have enquired into the death rate in the Province 
of Carelia among children who have been born and reared in 
tuberculous surroundings, have not been vaccinated, but are 
under the supervision of our dispensaries. Of 156 of such chil
dren, 18, or 11.5 ·per cent, died before the end of the first year 
7 of them, or 4.5 per cent, of diseases definitely ascertained to b~ 
tuberculous. Between the ages of 1 and 2, the total death rate 
is 6.3 per cent, 5.5 per cent representing deaths from tuberculous 

'diseases. Between August 1925 and December 1927, I vacci
nated 25 children all of them living in contact with tuberculous 
persons.- None -has died of tuberculosis ; 1 only died of 
broncho-pneumonia ; 20 remained throughout in tuberculous 
surroundings. " 

At Gothenburg, Professor Arvid Wallgren has, since the beg!n
ning of 1927, been carrying out trial vaccinations in his pe?Ia
trical clinic by subcutaneous injections into children of vanous 
ages who have been reared.in tuberculous surroundings but do 
not yet react to tuberculin. After vaccination, he keeps the~ 
in his hospital, away from virulent infection, until the tuberculin 
allergy has become established, i.e., for a period of from _3 to 
8 weeks, and then sends them back into the tuberculous enVIro;)
ment. All these children, 33 in number (October 19-}h• 
show no trace of tuberculosis and none has died. e 
experiments are being continued. 

XXIX. SWITZERLAND. 

BCG is prepared at Zurich by Professor Silbersclunidt a~: 
~t Berne by_ Professor Sobernh_eim. The. number of ll:ew~~tle 
Infants ·vaccmated up to now m the vanous cantons IS b · 
more than 100. 
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Experiments .on animals ~ave. co~firmed the fact that the 
culture is not VIrulen~, notw!thstan~mg the contrary opinion 
advanced by. Profes~or Galh V~er10, ?f Lausanne, which is 
based on. the observation of two ~mnea-pigs which he inoculated 
withBCG .. He state~ that one died after 16 days, the other after 
70 days, wit~ defirute tuberculous .lesions. The tuberculous 
nroducts obtamed from these two gumea-pigs, when inoculated 
into two oth~rs, al~o killed them, without af!y trac~ of bacilli 
being found m their organs. ~rofes~or .Galli Valeno ascribes 
the death of th_e _last . two gumea-pigs to poisoning by the 
roducts of bac1lh .which had undergone lysis. 

P In a note published by the Revue medicale de la Suisse 
romande (XLVII, 1927, December 25th, page 1011), R. Girod 
and c. Debar~e g~ve an account of .their obs~rvation and post
mortem ex.ammatwn of a premature mfant which was vaccinated 
with BCG and died .from gastro-c:nteriti~ when 25 days old. 
Its mother was suffenng from defimtely dmgnosed tuberculosis. 
In the. marrow of one of the vertebrre of this child, a few acid
resisting bacilli were found, but there was no tuberculo~s lesion 
either in the marrow o~ !he vertebrre or in any other organ. 
This corroborates the opm10n of Professor Askanazy, of Geneva, 
who considers that the bone marrow acts as a blood-filter and 
it shows that BCG absorbed per· os penetrated through the 
mucosa of the intestine and spread in the lymphatic organs. 

XXX. UNITED STATES OF AMERICA. 

During the last eighteen months, experiments have been 
carried out on a limited scale and have been followed with the 
greatest care by William H. Park, Director of the New York 
City Public Health Department Laboratories. In a letter dated 
August 24th, 1928, he gives us the following information. . 

There are now 118 vaccinated children and 289 who are 
kept as unvaccinated controls. The general death rate among 
the controls is 14 per cent, the tuberculosis death rate being 
7.2 per cent. 

Among the vaccinated infants, 16 are more than 12 months 
old; 17 are living in families in which there are cases of open 
tuberculosis; and 45 are in contact with cases of closed 
tuberculosis. · 

Ofthe vaccinated children, 7 died of non-tuberculous diseases, . 
1 of broncho-pneumonia when a fortnight old, 1 at 4 months 
from causes which could not be detected by post-mortem, 2 at 
5 months from enteritis 1 of malformation of the heart when 
a fortnight old, 1 of otiti; at 3 months, one of congenital debility 
When a fortnight old (premature) . 

. It was possible to perform a post-mortem on 4 . of these 
children, and in no case was any trace of tuberculosis found. 
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One vaccinated child only died at the age of 4 months 
miliary tuberculosis. The mother had died ~ also of lllilia of 
tuberculosis --- immediately after confinement, and the chiJa 
had not been in contact with her. This was obviously a c 
of hereditary tuberculosis. The tuberculosis death rate amo~e 
the vaccinated children, counting in the above-mentioned cas£ 
is 0. 8 per cent and their general death rate 6. 7 per cent. 

Other vaccinations were carried out in New York at the 
Post-graduate Medical School and Hospital by Dr. Adelaide B 
Bayliss. Unfortunately, the reports of these, which were vecy 
favourable, have been destroyed by a fire. 
· The experimental research work undertaken by Professor 

Maximow1 at the University of Chicago is particularly interest
ing. The object has been to study how cultures in the lymphatic 

"tissue of the rabbit behave towards BCG and towards virulent 
bovine bacilli. It has shown that, whereas the virulent bacilli 
have a toxic effect on the phagocytes, even at a certain distance 
BCG is entirely innocuous to them, even to the lymphoid 
elements, which are the most sensitive. 

XXXI. URUGUAY. 

In November 1927, at Montevideo, a model anti-tuberculosis 
dispensary, founded and directed by Dr. Jose Martirene, Head 
of the Public Welfare Department, was solemnly inaugurated. 
This dispensary comprises a laboratory which undertakes the 
preparation of BCG and its distribution throughout the country. 

In 1925, Dr. Moreau introduced the method of vaccination 
into Uruguay, since when large numbers of children have been 
premunised. . 

The supervision of the children vaccinated is entrusted to 
carefully chosen persons and to visiting nurses. -

Up to October 1928, 2,690 infants were vaccinated, 1,524 of 
that number in Montevideo ; 39 died; autopsies were performed 
on 27 cases. None showed tuberculous or suspicious lesions and 
no death was ascribable to tuberculous diseases. 

All the' survivors are in good health; their size and weight 
are normal. None show any sign of tuberculous infection. No 
opposition to vaccination was encountered from the families. 
The children vaccinated in contact with their tuberculous 
parents (61, of whom 12 were born from tuberculous mothers) 
are in perfect health. Two died from influenza! bronchitis. 

The vaccinated children born of healthy parents have 
developed normally; none have shown any symptom of tuber
culosis. 

• 1 Annales de l'llUitilut Pasteur, 1928, ·March; page 225. 
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f the auinea-pigs inoculated in a bacteriological control 
NoGne ~owed any sign of tuberculosis. -

of BC 5 

* * * 

h is the information which the Pasteur Institute has 
Sucble to collect up to September 1st, 1928, on the use of 

beeG a ither in experiments ?r Ior the prevention of human 
BC ' ule 

051
·s in various eountnes other than France. 

tuberc ' . 



III. 

NOTE ON THE INNOCUITY OF THE_ BCG 

·VACCINE: TO CATTLE ·· i. 

By C. GuERIN, (Pasteur Institute, Paris) 

(September 1928) 

I .. 

We may recall that the experimental use of the BCG vaccine 
on cattle involves one inoculation, under the skin of the dewlap 
of 90 milligrammes of bacilli in a very fine suspension, in·~ 
1-in-4 dilution of 10 c. c. of Santon's medium, this operation being 
carried out during the first 15 days of life. 

The inoculation is followed within 48 hours by the appear
ance of a soft local cedema, .which rapidly densifies and after 
some 10 days presents the appearance of a nodule as large as a 
pigeon's or ben's egg, bard, painless and persisting for a period 
varying from three months to a year or more. This nodule, 
which is accompanied by a positive reaction to tuberculin from 
the 20th day after vaccination, has little tendency to form 
an abscess ; in about 1 per cent of cases, however, it becomes 
th~ seat of a cold abscess, which may open spontaneously, 
but as a general rule forms an . obscurely fluctuating tumour, 
which may attain the volume of a large orange and contains a 
white, creamy, thick pus. A puncture with the thermocautery 
releases this pus, and, in either case, this local lesion, which has 
no effect on the animal's general health, cures itself without 
treatment. 

As early as September 1924, we asked veterinary surgeo~s 
practising in agricultural districts to make experiments in the1r 
rural practices in order to ascertain how cattle react to the 
subcutaneous inoculation of BCG at first vaccinations and at 
successive re-vaccinations. 

More than 150 practitioners responded to our appeal. . In 
June 1928 we sent to 97 of them, who nad made vaccination 
experiments in 1924, 1925 and 1926; the questionnaire repro
duced below. 

Up to September 1st, 1928, we had received 49 replies. TJ:e 
total number of beasts (vaccinated and re-vaccinated) excer:; 
mented upon and observed byourcorrespondentswas 2,315 ea · 
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'· R INSTITUTE, PARIS 
p,6.S1'EU -

QUEsTIONNAIRE CONCERNING EXPERIMENTS ON THE 
VACCINATION OF CATILE AGAINST TUBERCULOSIS BY BCG. 

?.I. ..••••••••.•••. , Veterinary Surgeon at ················· 

Date of beginning of experiments : Month .......... year .......• 
Was vaccination carried out on farms. infected with tuberculosis ? 

... ; ............................................ -. .................... . 
Were calves born in infected byres effectually isolated immediately 

aft~r birth ? •.. · . · · · • · · · · · • · · · • • · • · • • • · · • · · · . . • • . . . . . . . . . ..•... 
Were they immediately fed with boiled milk or milk :from non-

tuberculous cows ? •... , ..•...•••.•..••.•..........• · ......•.•... 

Were the calves vaccinated within the first 15 days of life ? .•... , .. ~ 
Have you observed any accident consequent upon vaccination 'l 

... , .............. _ ............ , ............................... . 
Has the growth of the vaccinated animals been normal ? .... , ..... . 

. Give the total number of animals vaccinated and re-vaccinated 
on the farms on which you worked .••...•.....•.......•.....•...... 

Has annual re-vaccination been regularly carried out ? .••• , .•....• 
Give the number or vaccinated animals which died from causes other 

than tuberculosis, or were slaughtered owing to accidental causes ..... . 
Were tuberculosis lesions revealed by the post-mortem, if any ? 

........ "' ........... .- ...... -" ........... ,, ............. -....... ~ . _.. .... . 
Give the number of vaccinated animals slaughtered for butcher's 

meat. · · . . . . . . . . . At what average age !~ere they slaughtered 'l 
ooooooooooooo 'oo oooooo o o 0 o oOOoo o'ooO oo•o•oooooooOO oo I ooo.OO 

Were eases of tubercuiosis found among those animals on veterinary 
inspection 't ...•.......•..........•..•..••..•..... , , •••.••.•.•. , 

If so, what was the usual form of the lesions : glandular or visceral '1 
······· 

Any . ~~~~~-a~. ~~~~~~;i~~~ . ~~ ·t~· ~~~. ;~~~~~i~~- ~~. ~~~~~~~~~. ~~~ 
the changes in health conditions on infected farms since vaccination 
has be · en mtroduced : ............. , .....•...............•.... • · · · 

•••••••••••••••• 0 •• 0 ••• 0 •••• 0 0 • ' • 0 • :. • 0 • " .... "--~ -: .!._., 0 .. • •• 
00 

•• 
0 

;,. 
0 0 



-'68-

All these beasts were born in byres infected with tube 
and were kept there after birth. Consequently va r~ulosis 
always took place in infected surroundings. Ir{deedccination 
beginning of these experin;tents, we did n?t feel that ~t the 
absolutely necessary to subJect calves born m infected bIt Was 
the initial prophylactic measures which subsequent expe/"res to 
have shown to be indispensable, namely, the ef!ecti~ments 
immediate isolation of calves born in infected surroune . and 
and their feeding with bacteria-free milk during the month follodz~gs, 
i.e., until the protection conferred by vaccination may be regart~ng, 
established. The only point in which this neglect mi h~ as 
important .was the estimate of the efficacy of vaccinatio~ be 
point with which we did not propose to deal. -a 

To the questions : "Have you observed any accide t 
consequent upon vaccination, and has the growth of th 
vaccinated animals been normal ? ", the 49 practitioners a~ 
unanimous in their reply. 

In their replies, variously worded ("No accident~·. "Absolute 
innocuousness", "Nothing abnormal", "Perfectly healthy" 
" Quite harmless ", "No danger whatever"), they all state that 
the subcutaneous inoculation ofBCG, in this dose of more than 
2,000 Inillion living bacilli, has never set up a pathogenic lym
phatic and glandular infection,. the external symptoms of which 
could . not have failed to attract their attention. 

It might, however, . be objected that, although the sub
cutaneous inoculation of BCG may produce no progressive 
lesions taking rise at the site of injection, it may be" setting 
up a general infection of the lymphatic system, ultimately 
giving rise to visceral lesions which the practitioner could 
not. detect. Our. reply. to this .consists in the negative post
mortem exalnination of 30 head of cattle aged 3 and 4 years, 
vaccinated and re-vaccinated each year with a dose of 
2,000 million bacilli on each occasion, in whom no tuberculous 
lesion· has been found.l 

This disposes of the hypothesis of the possible recovery, 
after a long interval, of some degree of virulence by BC~ JD 
the living organism. It must not be forgotten that BCG ~~ a 
bacillus of bovine origin; and if it is incapable of recovenns_ 
its original virulence in its original environment - cattle ~ 
a fortiori it will be· still less ·capable of doing so in m~n, a 
species for which the bovine bacillus is already highly 
differentia ted. 

* * .• 

1 .A.nnales de l'Institul .Pil8teur, March .1927 •... 
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We give below a list _of t~e 49 veterinary surgeons who 
e lied to our questiOnnaire. 

M"'.f{e/ have vaccinated and re-vaccinated a total of 2 315 head 
cattle. Of this m~mb~r, 103 died from causes other than 

~!berculosis, ;most .dymg .m the ~rst few months. of life from 
. arlY gastro-mtestmal disorders , and 121, haVIng outlived 
:heir economic usefulness, .wer~ slaughtered. . Among these 

tter post-mortem exa:J?mabons revealed m 8 animals 
Ia do~bted tuberculous leswns. At the beginning of this note 
un stated that all the animals vaccinated with BCG were bor~ 
:weinfected byres, and were kept there during the early weeks 
1~ life while neither of· the regular prophylactic measures 
Qsolation and use of a bacillus-free food for a month) was 

takThese 8 head of cattle, belonging to different farms, were 
as follows: 

1. A heifer not vaccinated until the age of 1 year, i.e., 
not in the conditions prescribed by us (small lesions of a 
mesenteric gland). 

2. A heifer slaughtered at the age of 5 months 
(tuberculosis of the retro-pharyngeal glands); a note on 
this case was published in the Recueil d'Alfort (May 1927). 
The dam of tllis animal, suffering from tuberculous mammitis, 
suckled her calf from birth. · 

3. A bullock, 1 year old (slaughtered) ; generalised 
tuberculosis. It had been vaccinated at the age of 4 weeks 
- 'too late, in view of the thoroughly infected nature of · 
his surroundings. 

4. A heifer, 1 year old (small lesion in a bronchial 
gland). · · 

5. A heifer, 15' months old (tuberculosis of the retro-
pharyngeal glands). · 

6. A bullock, 6 months old (tuberculosis of the retro-
pharyngeal glands). · 

7. A bull, 2 years old (lungs confiscated owing to 
tuberculosis) . 

. 8. A heifer, 1 year old (generalised tuberculosis); this 
arumal had been bought when a fortnight old, and came 
from an unknown farm. It had been vaccinated after the 
end of the prescribed period, i.e.,· too late. · · 
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113 
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70 
14 
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No accident 
No accident 
No accident 
Absoluteinno~uo 

ness us. 
Absolutely no d 

ger an. 
Absolute innocuous 

ness -
No accident 

Perfect innocuous-ness 
Nothing abnormal 
Perfectly healthy 
No accident 
Perfectly healthy 
Nothing abnormal 
Quite harmless 
No accident 
Nothing abnormal 
Perfectly healthy 
Absolute innocuous-

ness 
Nothing abnormal 
No accident 
Innocuousness un-
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Growth normal 
All in perfect health 
No accident! · 
No danger whatever 
Nothing abnormal 

. Growth normal 
·Splendid animals 
No accident 

· Innocuousness·. ·cer-
tain 

No accident 
Growth normal 
No accident ., 
No accident 
Perfectly healthy 
Nothing abnormal 
Vaccination harm-

less 
Absolute innocuous-
: ness · 
Growth perfect! 
No accident 
Innocuousn_ess cer-

tain . 
Innocuousness' 'cer-

tain . 
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Absolute innocnttY 
No danger whatever 
·Absolute innocuous-

·ness 
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LABPASTEUR 
35, Rue Dutot -PARIS (XVe) 

INSTRUCTIONS 

For Experiments on Anti-tuberculosis 

Vaccination of Cattle by means of BCG. 

I. Principle of Vaccination. - The vaccine consists of living tub 
culosis bacilli of bovine origin, rendered completely harmless to anim~
of every species, including man (BCG Vaccine). When inoculate~ 
under ~he skin of a homed beast free from tuberculosis, it causes the 
forma:Ion of a small lesion as large as a pigeon's or ben's egg, painless, 
and Wlth no tendency to pus formation. The animal thus vaccinated 
reacts to the tuberculin test for several months ; the positive reaction 
together with the vaccinal lesion disappears generally between the tenth 
and the fifteenth month after vaccination. Throughout this period, the 
animal remains premunised against tuberculous infections • 

. , . D. Animals lor which it Is intended. - The vaccination is intended 
for.: 

(1) Calves born on farms infected with tuberculosis, infection for 
them being rapid and inevitable ; 

(2) Calves which, although born on farms free of tuberculosis, 
may be exposed to occasional contaminations. 

In either case, all calves· born on the farm, whatever is to be their 
subsequent history, should be vaccinated as soon as possible after birth, 
ana In no ease more tban a fortnight later. On lnfeetecl farms, it is 
further necessary to withdraw these calves, Immediately after birth and 
during the succeeding month, from any possible tuberculous eon&amfna
tion in their environment or diet (isolation, boiled m.llk, mllk from non
tuberculous cows). 

m. Fonn and Method of Despatch of the Vaecine. - The vaccine 
is sent in sepli.l'ate doses, each sufficient for one animal. It is put. up 
in ampoules sealed over the flame, each containing 10 c.e. of emulston. 
Before uncorking for use, the ampoules should be thoroughly shaken;~ 
-The vaeeine should be used as soon as possible alter dellvery, an 
any ease within teo days. 

JV, Method of Inoculation.- The 10 c.c. syringe is first boil~c~!! 
fitted with a sufficientiy long needle, and then filled by direct 

5 
bed 

from the tube containing the vaccine. The needle should be pus 
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. the conjunctive tissue of the dewlap, towards the uppermost 
dp Jnto . td. al . . ee f •t. The vaccma e arum s reqmre no spemal aiter-care but 
... ;rd o 1 • t dt t b r t t ' .... Id not be sub]eC e o u ercu m es s, even the intracutaneous 
tbeysbOU • 

It .vaccination. - As in the case of other active vaccinations 
v. e swine erysipelas), re-vaccination should be carried out every 

(IIDthr:IX• cordanee with the above instructions. 
year, in ae 

ThO vaccine lor eattle
1 

t1ube~culosis is Issued lree to veterinary surgeons 

ho are responsib e or 1ts use. 
only, w 

A plication for these vaccines should be made to LABPASTEUR, 
p 35, Rue Dutot, Paris (XV•). 

lh ncci••• willH deooatch..! oa TUESDAYS aad FRIDAYS. 



IV. 

CRITICAL STUDY OF THE LITERATURE ON BCG 
AND VACCINATION AGAINST TUBERCULOSIS 

THROUGH CALMETTE'S METHOD 

By Y. BIRAUD, M. Sc., M.D., C. P. H., 
Member of the Health Section of tlze League of Nations.Se ·t . ere anal 

INTRODUCTORY REMARKS. 

. The rapid growth of an abundant literature in all languages 
mduced by the work of Calmette and his co-workers on 
vaccination against tuberculosis by means of BCG makes it 
di~cult for a review.of this literature to be absolutely complete. 
W1th a few exceptions, the present study is confined to the 
articles published before August 1928. 

We had also to limit ourselves to the articles relating original 
experiments or theories on the problem of BCG and its 
application, thus excluding the articles of mere didactic value, 
whatever their merits might be. 

On the other hand, the alphabetical list of authors which 
accompanies the present study includes references, not 
only to articles bearing directly on BCG, but also to facts and 
theories connected with it : the problems of immunity to 
tuberculosis, tuberculin allergy and mortality of infants in 
tuberculous environment. 

We do not pretend to describe fully the researches of 
Calmette, which are summarised in the December (1928) number 
of the Annales de l' Institut Pasteur and also appeared in b~ok 
form. We shall therefore only sketch them briefly and describe 
chiefly the researches carried out along the same lines by 
scientists other than Calmette; their results, and their apparent 
or real discrepancies, the objections of fact, me~hod or tbeo~ 
brought against the themes of Calmette and his co-workers • 
since articles of a controversial nature are bound to be scattered 
in the medical Press of the various countries and therefore ~s 
accessible to the reader. The fact that we must. devote p~r 1~ 
cular attention to the points in· controversy rmght crea f ~ 
misleading impression on the reader, who would neg ec 
Calmette's original publications. . of 

We intend to deal in succession with the innocuousness 
BCG and its premunising efficacy. 
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Part I. 

STUDIES _ON THE INNOCUOUSNESS OF BCG. 

1. E~E~IMENTS OF CALMETTE AND HIS Co-WoRKERs. 

In 1908, Calmette discovered the possibility of cultivating 
bacillus of bovine type on potatoes cooked in pure ox-bile 

\ cerinated at 5,% and kept at 38° C. jn an excess of bile. ' 
g Y As early as 1909 (43), ~e show7d that, by successive cultures 
on· this medium, the bovme st~am gradually lost its virulence 
and became innocuous for bovmes, then monkeys and finally 
for laboratory rodents. 

{a) Bovines. 

Six-months-aid calves which died in 4 to 6 weeks of acute 
miliary tuberculosis after intravenous inoculation with a dose of 
3 rq.g., the original strai_n, could tol~rate 1 to 5 mg. without 
ill-effect. Moreover, arumals thus maculated had acquired 
strong resistance to experimental infection after 30 days. 

Calmette based his method of " premunisation " against 
tuberculosis on this resistance acquired by means of impregnation 
with live bacilli - a fact which, moreover, agrees with the 
theory on which he based his experimen·ts from 1906 onwards, 
and with the experiments carried out later by RoMER (244-245), 
KRAus, GRosz and· YoLK on the prophylactic effect of infection 
With smilll doses of ·bacilii. · 
. .Calmette, when trying to produce immunity in bovines, 
found that the latter could without ill-effect support large 
repeated doses (up to 200 mg.) of BCG inoculated intravenously 
(45). 

;The prophylactic results obtained will be explained later. 
The histo-pathological effects of subcutaneous inoculation with 
BCG depend upon the dose injected, and are as follows : A dose 
of.2 mg. produces no local reaction at any time, does not produce 
tuberculin allergy nor indeed resistance to virulent infection. 
A dose of 50 to 100 mg' produ~es an almost immediate reaction 
-: an redematous, ma~s !Slightly smaller than an egg, which 
bhcomes hard and mobile, A soft swelling again appears from 
t hie. 13th_ to the 18th day and--then disappears. The tumo~r, 
w ch still ren;tains.·perceptible after 6 months, gradually dis
~pe~ between .the lOth and the 181;h month. It shows ~o 
fndency to form an abscess nor to burst outwards. In 75 Yo 
~ the cases, inoculation is not a:ccompanied by any general 

38~~~ders. In 25 % of. pases, there is a rise of temperature from 
Whlchto 40.5o about the 15th day; lasting for 5 to 6 days, after 

all becomes normal. · · 
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t tem examinations of bovines at varying period 
Pos -mor . . h BCG show the absence of tubercui 5 

aft.er in.oc~:I~r:~ organs : only the presence of BCG i~U: 
lesiOnshiytin . tate in the lymph glands. saprop c s 

(b) Effects of BCG on Laboratory Rodents. 

Th treme susceptibility of these animals to tuberculous 
infecti~:~akes them especially suitable for research work on 
the harmfulness of BCG. b' 

Intravenous inoculation of ~he rab It. ~nd hypodermic 
inoculation of the guine~-pig 'IWII' (t~ th4e0 l~mllbwn~lhl.) partk of a 

·n·gramme of tuberculosis baCI I t.e., 1ve aci 1 are nown 
~ ~e enough to cause them to develop fatal tuberculosis in 
5° to 8 months, and larger doses will produce death within a 
shorter period. 

. A. Effects of BC G Inoculation on the Guinea-pig. 

In the guinea~pig, inoculation with BCG produces the 
following reactions (58) : 

Doses of Yz to 1 mg., slight local swelling, whicl1 dis
appears in a fortnight. 

Doses of 3 to 10 mg., redema, a small abscess opening 
towards the lOth day and healing in 2 to 4 weeks; slight 
local adenitis. The animal remains healthy and infection 
does not become general. . 

Doses of 1 cg. to 1 gr., local lesion as above and tubercu
lous follicles disseminated in the various organs, disappearing 
in a few weeks without leaving scarred lesions. These 
tubercles can never be re-inoculated. No fatal tuberculous 
infection nor even alteration of the general health ; only a 
slight lessening of resistance to pasteurelloses and other 
secondary infections (infections de sortie). 

Injected intraperitoneally. - Over 3 mg., acute reaction 
of the mesentery - yellowish nodules containing bacilli and 
polymorphonuclear cells in a network of connective tissue. 
These no~ules, when re-inoculated, do not produce tuber~ 
cu~ous lesiOns ~or do they affect the health of the inoculated 
arumal, and disappear completely in 3 to 5 months. 

By intracar~iac injection. - 1 to 10 mg~ in suspension in 
0.5 to 1 c. c. of hquid produce no ill-effects. After a fortnight, 
general gla~d swelling sets in suddenly, which lasts for 10 days 
and then disappears without leaving any traces. . 

. More than 10 mg. tuberculous granulations appear In t~e 
VIscera, but there is no tendency to caseation or to sclerosiS, 
and the cure· is complete. 

Per 0~· - The absorption of BCG is irregular in full
grown arumals, but better in animals only a. few days old. 
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B. Eflects of BCG Inoculation on the Rabbit. 

The rabbit tole~ates the h~poder~c inoculation of BCG 
1 to 5 mg.) as readily as the_gumea-pig, hut reacts much more 
~trongly than the fo~mer to mtrave~ous injection; 20 mg. and 

er injected by this means, may mduce pneumonia causing 
d;ath in 2 t~ 3 wee~s. CJ:enerally, however, ·~his dose c~uses the 
formation . 111 the mtes~mes of macroscoprc tubercles, which 
disappear m 5 to ~ months. Moreoyer, these tubercles are not 
capable of produc~ng ~uberculous lesiOns wh~n re-inoculated into 
fresh animals, which IS a proof of the non-VIrulence of BCG. 

Histological Le~ions caused by Intravenous Inoculation of BCG 
in the Rabbli. 

These lesions have been very carefully studied by CouLAuo 
(83). 

After doses of : 

5 to 10 mg., discrete lesions. 
15 mg. (600 million bacilli) also cause : 

In the Lung: 

After 24 hours, lesions of the alveoli, slight redema of the 
septa. 

After 9 to 10 days, the lungs are riddled with follicles: 
epithelioid cells embedded or not in lymphocytes, follicles 
occasionally larger than alveoli - a very few giant cells, 
microscopic leucocytic embolisms, acid-fast bacilli rare. 

From 10 to 20 days, swelling (without lesions) oi the 
peribronchial lymphoid nodules. 

From 20 to 40 days, intensification of the above process. 
From 40 to 100 days, regression of the lesions; gradual 

reduction of the follicles, occasionai sub-cortical desquam
ative alveolitis. 

100 to 140 days, gradual reduction of the follicles, 
regression of the peribronchial infiltration. 

200 days, no trace of the preceding lesions; normal aspect 
of the lungs, no sclerosis. · . 
· At no time were patches of caseous degeneratiOn· 
observed. 

In the Liver : 

First 2 to 3 days, microembot.ism. 
7 to 9th day, follicles, a few grant cells. . . . 
20th day, follicles composed entirely of ~p1theh01d 

cells : a few large mononuclear cells. 
60th day, the majority of the follicles have disappeared; 

numerous giant ·cells. 
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lSOt~ day, no trace ~hatever of the lesions. 
In the Spleen: · · ' 

12 to 14th ~ay, numerous epithelioid cells in . 
60th day, smuses full of epithelioid and ia t~e Sinuses. 
120th· day, disappearance of epithelioid c~ll 11 cells. · 
200th _day, normal spleen. s. · 
The kzdneys and other organs remained normal th 

out. ro~gh-

~e~ce, a~ter transient miliary tuberculosis, there is co 
restztutw ad zntegrum, without caseation at any stage. mplete 

(c) Effects of BCG on Monkeys. 

~ILBE~T (3_10). has conducted experiments at the Pasteur 
Institute m Kind1a on ?IOnk~ys not pre~ously exposed to 
spontaneous t~b~rcuJous mfec"D:on, from which it is difficult to 
protect those hvmg m menagenes or laboratories in Europe 

He found that chimpanzees and pithecians suffered. no 
ill-effects ~r~m the absorption per os of 5 doses of 50 mg. of 
BCG adm1mstered every other day with food or from the 
hypodermic injection of 50 mg. ' 

The latter induces transient gland swelling and a local cold 
abscess, which bursts, discharges and heals without compli
cations. There are no other tuberculous lesions. The annual 
repetition ofinoculation produces no iii-effects. 

(d) Vaccination of Human Beings. 

Vaccination per os. 
Since 1921, close upon 110,000 vaccinations have been 

effected per os on newborn babies in France .and almost as many 
in the French colonies and abroad, the infant receiving during the 
first 10 days of its life (i.e., the period when the intestine is 
most easily permeated) 3 doses of I cg. of BCG each, at48 hours' 
interval (i.e., a total of 3 cg. or 1,200. million. bac~li). . 
· These doses produce no general reaction or digestive di~turb
ance even in premature infants. This has· been Without 
exception the experience of -hun!lreds ··of doctors who have 
performed the vaccinations. 

The vaccinated infants, although a large number of the~ are 
in contact with tuberculous cases and the majority belong to th~ 
poorer classes, show a, normal. weight purve. The· p.urilber ~e 
deaths due to respiratory troubles is below the.ayerage a(S~ \{ 
total ;mortality during the first year is equal to .or:below -~ ;i 
7.6 % and 6.6 %) (3~. and 202) that of the · .. generloll_. I a 
population (8. Z %). . · ·. . . . . , . · · · ; . 

· Mortality was much lower still "In tJ?:e 2nd a,nd 3rd year~ 
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subcutaneous Vaccination. 
W~::xLL-HALLE and TuRPIN (302-308) have vaccinated infants 
cutaneously. A dose of l/15th mg. did not cause the 

sub tion of cold abscesses such as result from larger doses 
forf1;1~ the guinea-pig). 
(as Neither does 1 c~_. pr~duce a cold abscess in adults, provided 
always that the subJect IS not already tuberculised (and in an 
allergic state). . . 

Several hundred vacCI~abons v.:ere performed without 
accident on coloured soldiers showmg negative tuberculin 
reactions. 1 . C On the whole, the cone usions _of almette and his collabor-
tors on the subject of the non-pathogenicity of BCG may be 

!ummarised as follo.ws : . . 
BCG is a n.on-VIrulent stram, .z.e., not capa_ble of producing 

tuberculous disease nor generalised progressive tuberculosis. 
The lesions it may produce on inoculation are generally 

localised. They never pass through a stage of caseation ; in 
fact, they have a tendency to spontaneous regression and 
restitutio ad integrum. 

Further, these lesions cannot be re-inoculated in series into 
susceptible animals. 

2. VIRULENCE OF BCG FOR LABORATORY RODENTS. 

(a) Before dealing with experiments in confirmation of 
results previously obtained, a clear definition should be given 
of what various writers understand by the term virulence or 
avirulence of a strain of bacilli and of BCG in particular. 

Calmette considers a strain " avirulent " when it does not 
produce tuberculosis with a tendency to spread, fatal and 
capable of re-inoculation. Others, on the contrary, use the 
term exclusively to connote a strain which produces no lesion, 
even of a benign nature, and consider any other strain as 
"virulent" or" pathogenic ". The lack of a uniform definition 
has given rise to a discussion between French and German 
writers which has had the effect of greatly obscuring the issues 
as regards the pathogenicity or innocuousness of BCG. 
. Experiments regarding the innocuousness of BCG for 
!abora~ory rodents have been made by a large num?er of 
Investi&ators. A still greater number have made expenm~nts 
?n the Immunisation of these rodents by means of BCG agamst 
~noculations of virulent tuberculosis bacilli; considering the 
Innocuousness of BCG an established fact. · 
i · The !fiajority of investigators have confined theiD:selves to 
norlatmg guinea-pigs and rabbits with BCG in varymg doses 
~~ by different routes. Others have attempted t~ lower 
t Jrlstance of laboratory rodents by various methods m order t .scoyer whether BCG infection could spread and become 
eneralm a debili~ated organism. · · · · 
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Others have attempted to increase the original . 
the BCG strain by successive passages. Virulence or 

The. follo~ng investigators have confirmed c 
conclusions With regard to the innocuousness of BCGl~ette's 
. A. DE.Assrs~ at the Institut Vital in Brazil (16) ha · 
m the gumea-p1g only local lesions, which healed ~po~tobserved 
and 'Yere not capable of ~noculation in series. He, too aneousiy 
certam decrease of res1stance to intercurrent infe~t~oted. a 
laboratory rodents after the use of strong doses of BCG. ns 1n 

G.· BLANC (33), at Athens, has attempted to inc1·ea 
virulence of BCG in rabbits by intra-conjunctival inj~ctise the 
the germ, and by re-inoculation in series of material fro~nsthf 
abscess thus produced. e 

Seven passages failed to render the BCG capable of produci 
clinical tuberculosis among guinea-pigs and rabbits. ng 

HEYMANS (130), operating on 150 guinea-pigs and rabbits 
with intramuscular doses of BCG up to an amount of 50 m 
observed in them only primary lesions at the site of inoculati~~ 
and local gland reaction without loss of weight, in spite of sub-
sequent inoculations with virulent bacilli. · 

!GERSHEIMER. also concluded from his intra-ocular iiiocula
tions of guinea-pigs that BCG is innocuous. 

KIRCHNER (140), taking advantage of the susceptibility of 
rabbits to infection by corneal injection, attempted by the 
injection of 0.00001 mg. of bacillary emulsion to increase the 
virulence of a strain of BCG by passages. Although he effected 
4, 5 and 6 passages in 3 parallel series, he did not succeed in 
modifying the virulence. · 

R. KRAus (148-163), who was one of the first to draw 
attention to the pathological lesions produced b~ BCG 
inoculations, considers that BCG is to a certain extent VIrulen~, 
as it produces local lesions, but that it is not "nosogenic ", a~ 1t 
does not produce clinical disease. · It is true that in excess~ve 
doses it does produce tuberculous lesions, but these are berugn 
in character and tend to heal spontaneously. A dose of 20 cg., 
which is a huge one for a guinea-pig, very rarely p~oduCC: 
generalised lesions. Kraus has not succeeded in increasmg th 
virulence of BCG by passages. 

B. LANGE (171-173), inoculating guine.a-pigs and ~abb:~ 
parenterally with large doses of BCG, only succeeded lll ;jve 
ducing local foci )Vhich healed spontaneously! but ~o progr:eans 
tuberculosis. He could only produce extensive les_10ns by cceed 
of very heavy doses injected intravenously, and d1~ nol ~on or 
in infecting the animals with the disease by mha athrough 
ingestion. He effected prolonged and repeated passages f BCG. 
animals, without, however, increasing the virulence 0 
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LEURET AND CAUSSIMON O~tained ~imilar results inguinea
. by subcutaneous (~81), mtraper1toneal and intravenous 

rtf~) inoculation. Their attempts at re-inoculation were 
unsuccessful. 

l\1ETALNIKOV AND SEKRETEVA (200) devoted particular 
ttention to the study of the phagocytosis of BCG injected 

!ubcutaneouslY. and dem.onstrated the preponderant action of 
large phagocytic wandermg cells. 

MouRIQUAND, BERTOYE AND SEDALLIAN (205) confirmed the 
total disappear~nce after 2 years of all lesions due to inoculation 
in the guinea-pig. 

NASTA AND CATZAP (209), at Bucharest, endeavoured to 
discover whether BqG coul~ not t~berculise guinea-pigs if the 
latter, after intraperito.neal moculabon of. 10 I?~·· v.:ere rendered 
susceptible to mfecbon by .tuberculm InJeCtiOns. These 
experiments were repeate~ 5 times on 20 guinea-pigs, which 
were killed at regular mtervals ; the. animals showed no 
generalisation of the tuberculous process. 

OKELL AND PARISH (218) found that their guinea-pigs were 
not rendered tuberculous by the very heavy dose of 20 mg. 
5 times repeated. 

RANCOVITZ (239), at Belgrade, only found local lesions and 
gland reaction without general tuberculosis in several hundred 
guinea-pigs and rabbits he inoculated. He noted pulmonary 
necroses following upon embolism after the intravenous injection 
of heavy doses. He considers that the accidents caused by 
BCG must be attributed to the fact that large quantities are 
collected at one point rather than to its natural virulence. He 
was unable to obtain cultures or to re-inoculate animals from 
BCG lesions. 

REMLINGER AND BAILLY, at Tangier (240) (241), consider 
~CG practically innocuous for the guinea-pig, after havi'!-g 
maculated 200 of these animals by every possible route and m 
doses rising from 10 mg. to 50 cg. and even 1 gr. (214). Guinea
pigs which had received large repeated doses of BCG (up to 
90 cg.) showed no unfavourable symptoms and were still alive 
after 10 months. · . 
. Comparing (241) the general mortality of guinea-pigs 
Inoculated with BCG (84/306) with that of the controls (37/129), 
t~ey found the latter somewhat higher (28.6 %. as compared 
~Ith 27.4 %). . In their opinion, the decreased. resista'!-ce ~o 
lnte~current diseases in consequence of BCG maculation IS 
negligible. 

1 .R.otLE (247) observed in guinea-pigs, rabbits and dogs 
t~Ions only at the site of inoculation and of the local glands; 
le ese only produced a local abscess on re-inoculation. Doses of 

ss than 10 mg. did not produce any lesion. Pus from a local 
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abscess produced by 50 mg. of old culture (16 weeks) could 
be re-inoculated nor subcultured. not 

C. ScHLossMANN, at Tartu (Estonia), has studied 
tuberculine-producing properties of BCG in guinea-pigs the 
concluded that it is innocuous. and 

SxLBERSCHMIDT, at Zurich (276), has not observed a s· 
1 case of the development of tuberculosis in his num~~g e 

experiments on rabbits and guinea-pigs inoculated per 
08 

ous 
parenterally with BCG. or 

SuA.REZ (~82-283), studying the pat~ogenicity of BCG in 
120 gumea-p1gs, confirmed the relative Innocuousness of thi 
bacillus in hypodermic doses of 1 to 100 mg. On making pos~ 
mortem examinations, he found, in addition to small local 
follicular lesions, as described by Calmette', general and fatal 
lesions of pseudo-tuberculosis caused by the bacillus of Vigna! 
and Malassez. 

Of 40 guinea-pigs inoculated intraperitoneally with 5 to 
10 mg. of BCG by KRAUS, 18 survived at 4 months. Autopsy 
showed no macroscopic lesions ; only small follicles with trans
parent contents enclosing BCG bacilli were found on histological 
examination. The other guinea-pigs had died of pseudo
tuberculosis, which had also caused the death of 9 guinea-pigs 
out of 18 inoculated by Kraus with 5, 10 and 15 mg.· of BCG. 
No lesions were found on post-mortem examination. 

SuAREZ never observed caseation, but he found regression of 
the follicular lesions, which were thus distinct from ordinary 
tubercles. He was unable to re-inoculate in a series the organs 
of guinea-pigs impregnated with BCG. He considers that, for 
innocuity tests, 50 mg. is a heavy dose for a guinea-pig, as one
millionth of a milligramme of virulent bovine bacilli normally 
suffices to kill the animal. On the other hand, the 15 mg. 
of BCG which a rabbit can tolerate represent 150,000 to 500,000 
fatal doses of bovine bacilli of normal virulence. 

TZEKHNOVITZER (288-289) (see also document C.H.fB~G:/3) 
and the other members of the Ukraine BCG Comzmss1on 
(KOCHKINE, GOLDENBERG, KHMOLNITSKY, AGALLI, 0BU~HOV· 
SKI, JACKHNrs, etc.), operating on several hundred arum~ls, 
only found local lesions with regressive tendency in guinea-pigs, 
e-yen .when these ":ere inoculated with heavy doses, an~ when the 
vrtahty of the ammals was lowered by lack of vitammes or b~ 
the injection of diphtheritic toxin or of cultures of streptoco~f1 

or by repeated injections of tuberculin. They were una e 
to produce progressive tuberculosis by re-inoculation from the 
lesions. 

J. ZEYLAND AND Mme. PIASECKA-ZEYLAND (311), at p~znanf 
continued Coulaud's experiments on intravenous inoculation °d 
the rabbit with doses of 15 to 20 mg. Like the latter, they foun 



·i n miliary lesio~s, i.e., . follicles containing bacilli and 
befJelial cells, occaswn~Ily_ gian~ cell~ regressing towards the 
ep h day without caseatio_n m a smgle mstance. Intra-arterial 
6~ intracardia~ inoculations prod_uced simi~ar r~sults. 
a These investiga~ors nev~r observed ~ecrotxc les10ns when the 

thod of inoculation pernntted t~e bacillus emulsion to disperse 
:~pletely either through the entire org~nism (injection through 
the carotid .a~teq-) or through a particular organ (long after 
·ntravenous mjectxon). 
1 Intrapleural and intrarenal inoculations produced necrotic 
lesions identical with those caused by inoculation at the same site 
with dead BC G. 

The latter, ~hen injec~ed intra~':nously ~nto the rabbit, may 
produce necrotic and follicular nuhary lesions. Hypodermic
ally it may give rise to typical granuloma. 

hey therefore consider t~~t BCG is av~rulent, but that it 
has a certain degree of toXICity (endotoxm), to which they 
attribute the necrotic lesions which are sometimes observed. 
LuBARSCH indeed had shown that similar lesions were produced 
by the Timothy grass bacillus, which everyone is agreed in 
considering avirulent. 

ZozAYA, at Mexico (312), also found [that BCG is not. 
capable of producing tuberculosis. 

GERLACH, at Vienna (103-104), who introduced several 
different strains of BCG into more than 50 guinea-pigs and 
rabbits hypodermically, intracardially, intraperitoneally and 
per os, found lesions in animals killed 4 weeks after inoculation. 
These lesions had disappeared 5 ~months after hypodermic 
inoculation. Macro- and microscopically, they resembled tuber
culous lesions, just as stained BCG resembles the Koch bacillus. 

These lesions, which are more or less localised, cannot be 
re-inoculated unless they are fresh and contain numerous bacilli. 
They tend to regress and disappear in course of time, and heal, 
even if the infecting dose was large (1 04). . 

Gerlach therefore considers that BCG cannot be considered 
~s " avirulent " in the strict sense of the word, but that its 
mherent virulence is necessary if it is to possess immunising 
properties. 

KuHN (166), at Buenos Aires, tracing the evolution of lesions 
produced by BCG inoculations in the guinea-pig, has broa?lY 
confirmed Calmette's experiments with regard to the regressiOn 
of BCG lesions after the 2nd month and their disappearance 
after~ months. A considerable number of his animals, howe':er, 
especially those which received heavy doses, died, showmg 
acute abscesses in addition to specific BCG lesions. These must. 
apparently be attributed to secondary infection. 
Bc~XIM~w, at Chicago (198), studied the innocuousness of 
IYin by his own method of a ]1anging drop of culture from 

Ph-gland tissue. . · 
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When such tissue cultures are inoculated with tuberc . 
bacilli ot normal bovine type, the latter is seen to have a ~os~s 
action at a distance on the phagocytes and gradually causes 0;tc 
cultivated tissue to degenerate and perish. This is not the c he 
with BCG, which continues to develop but without having aase 
prejudicial effect upon the development of the polyblasts ny 

BCG taken from tissue cultures and inoculated into ·th 
guinea-pig was proved not to have recovered its virulence. e 

TzEKHNOVITZER and his collaborators (289) continued and 
confirmed these experiments. 

Other authors have reported different results or have 
deduced different conclusions from their experiments : 
· BoccHINI (35), at Perugia, injected 30 mg. of BCG intra

venously into rabbits (i.e., a dose of double the amount con
sidered innocuous by Calmette). He killed 4 on the 20th and 
40th days. Post-mortem examination revealed small nodules on 
their lungs, which the microscope showed to be lesions of 
desquamative broncho-alveolitis, with degeneration of the 
cells, and acid-fast bacilli (similar to those already described 
by Coulaud). The animals which were not killed survived. 
The writer admits that, even if ·BCG injected intravenously 
may not be altogether innocuous, the harm caused by small 
doses administered per os must be negligible. 

LIGNIERES (184) found that the attenuation of virulence 
of BCG is fixed, and that the germ, after remaining for a year 
in calves or guinea-pigs, does not cease to be " absolutely 
innocuous "for vaccinated guinea-pigs, and remains " incapable 
of producing tuberculosis " by hypodermic or intraperitoneal 
injection. He does not consider, however, that he can commit 
himself as regards its absolute innocuity, because one guinea
pig which died 25 months after inoculation still showed a small 
nodule containing BCG on the omentum, and this in spite of the 
fact that the guinea-pig showed no other tuberculous lesion 
and that the cultures from the blood and organs of the animal 
remained sterile. Lignieres, on the basis of this finding, see~s 
to indicate that BCG may possibly be noxious for certam 
particularly susceptible subjects~ . 

Other experiments, carried out in September 1926 and I_n 
. 1927, led him to conclude (186, p. 7) that : " (1} BCG IS 

absolutely incapable of causing lesions of progressive tuber
culosis; (2) that by passage through susceptible animals it does 
not recover the virulence of the normal Koch bacillus ". t 

In the same report, the writer stated that he could no 
consider as innocuous an organism which invades the whole 
lymphatic system in the way that BCG does. 

NoBEL (214, 215, 216) inoculated the peritoneum of 24 gui~e~~ 
pigs with BCG. Three died spontaneously of " tuberculosiS • 
2 of intercurrent diseases, 19 were killed at various intervals. 
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writer attributes :to tuber_culosi~ the death of animals dying 
The 20 days after maculatiOn .wit~. 5 mg. of BCG, "showing 
15 to st severe tuberculous lesions . 
the rfo~el was able. to cultiv~t~ BCG take~ at autopsy from 3 
guinea-pigs, 9:nd to.!n~cu1latet \~ 1n

1
ttohothehr athmmal.s. He considers 

BCG strain as vuu en • a oug e ammals vaccinated 
the him survived longer than the controls after subsequent 
by lation with bovine bacillus of normal virulence jnocu · 

CHIARI (75, 76) made pathological examinations of guinea
·g inoculated at the Children's Polyclinic in Vienna (CHIARI 
~o~EL, So~~) (77, 78). He describe~ lesion~ of th~ omentu~ 
and liver v1sihle. the 4~h week after mtrapentoneal maculation 

hich, after 8 weeks, differed from those produced by the Koch 
:acillus by the absence of. coagu~ation necrosis. More often 
there is destruction of the ~Issue ~1.th exsudate as indicated by 
the presence of leucocyte~ m addition to neoplasia (epithelioid 
and giant cells). He pomts out the resemblance of the BCG 
lesions to those described by STERNBERG, caused by inoculation 
with tuberculous bacilli killed by heat. 

KoRSHUN (144,145,146) and his collaborators at the Metch
nikoff Institute, Moscow, found that, after parenteral injection 
ofBCG in the guinea-pig, there is a rise in temperature, generally 
in two stages : the first sets in from the 2nd to the 4th day and 
lasts from 1 day to 5 days ; the 2nd sets in between the 9th and 
15th day and lasts from 7 to 14 days, after wltich the temperature 
becomes normal and the weight, which had practically remained 
stationary, begins again to increase. Korshun points out that 
intracardiac injections in the guinea-pig more often produce 
specific "tuberculous " lesions than hypodermic or intraperito
neal injections. The lesions are as a rule purely local ; sometimes 
they are found in organs remote from the site of injection. 
They are definitely circumscribed, heal by fibrotic transformation 
and do not affect the health of the animals. These guinea-pigs 
were kept under observation for 10 months and none died of 
tuberculosis. 
. . The investigator in two cases succeeded in producing local 
lesions with sclerotic evolution by the inoculation of a BCG 
tubercle. The same result was obtained with cultures of 
the same origin. · He considers that these facts in no way 
abr~ue against the use of BCG for the vaccination of human 
emgs. 

DWYKOFF AND MASOUROWSKI (95) are of the same opinion. 

~ALLI-VALERIO (101), at Lausanne, expresses doubts .as to 
the Innocuousness of BCG basing his opinion upon an expenment 
rade O~iy On 2 guinea-pigs, which died 16 a~d 70 _days after 
sno~ulatwn. The re-inoculation of their lesiOns mto fre_sh 
uf~Jects also caused death but BCG was only found at the site 

0 lnoculation. ' 
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SELTER AND BLUMENBERG (273), using doses Of 5 10 
30 mg. of BCG subcutaneously, observed, as Calmette had d;nd 
that the nodule of inoculation was sometimes ulcerated ne, 
that there was glandular swelling from the 25th to the 60th d~nd 
They also qbserved in certain cases small foci of intraglandut 
caseation, ·which were, however, regressive, and under thr 
microscope appeared very different from the caseation caused 
by the Koch bacillus. Follicular hyperplasia appeared in 
proportion to the doses injected. 

Caseum from the lymph glands inoculated into 9 guinea-pigs 
caused adenitis in 1 and nothing in the remaining 8. 

· These investigators consider that BCG certainly produces 
tuberculous infection, but that it heals "too easily " to afford 
lasting immunity. 

UHLENHUTH (291), reviewing various works on the inno
cuousness of BCG, draws attention to some of the differences 

. existing between those of Gerlach, Kraus and Korshun and those 
of Calmette. Although he considers BCG practically "apatho
genic ", he thinks that the possibility. of reversion to virulence 
in vivo cannot be excluded. 

PETROFF, BRANCH, STEENKEN, at Trudeau (N.Y.) (226-227) 
have succeeded in dissociating strains of BCG by culture o~ 
Petroff medium with passage through the testicles of guinea
pigs. Certain colonies, which they call " R " (rough), show a 
corrugated surface, are waxy in appearance, do not penetrate 
the medium and are difficult to emulsify. 

The "S " (smooth) colonies, on the contrary, are more fila
mentous, irregular, penetrating, easy to emulsify, and do not agglu
tinate like the others when the pH of the medium reaches 7.2. 

Inoculated into the guinea-pig, the " R " strain produces 
local typical BCG lesions without generalisation, by all methods 
of inoculation. 

The "S" strain, on the other hand, causes death from 
generalised tuberculosis in 34 days when injected subcutaneously, 
17 and 26 days intracardially, 75 days when injected into the 
testicles, 42 to 91 days into the eye, and 9 to 19 days into the 
spinal fluid. 

In the rabbit, the "R " and " S " strains only caused l?cal 
lesions when inoculated intra-ocularly or into the left ventncle, 
or into the spinal fluid. 

'The testicles of 4 guinea-pigs were inoculated with BCG 
(1;25 to 2.5 mg. of dry BCG). After 1 to 2 weeks they. were 
ground and inoculated into the testicles of fresh ammals. 
Generalised lymphatic tuberculosis ensued in one case only. 
This strain, when recovered and re-inoculated subcutaneo);s~Y;, 
caused caseous lesions in the rabbit similar to those of the . 
strain. There were no deaths. 

TZEKHNOVITZER (document C.H.{BCG/3, p. 4) took ~p 
Petroff's dissociation experiments. He also succeeded In 
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. ting colonies of ~ morp~ological character similar to the 
~ola, and " s " colo rues ~btamed by. the latter. The emulsion 
R these colonies, w:hen m.oculate~ mtr~testicularly, intracar

o! llY or hypoderrmcally mto gumea-pigs, caused no clinical 
di~ ns and on autopsy no general tuberculosis wai found 
JesiO • h " R " d " S " 1 · 'l · Moreover, t e , an. . co omes, separately cultivated, 
bad lost their morphological differences after the 2nd or 3rd 
subculture. 

ScHURMANS YAN ST.e:CKHOVEN, at ~msterdam (266-268), in 
his thesis, d~scnbed lesiO~s he found 1.n a la~ge proportion of 
guinea-pigs moculated With BCG. HistologiCally these were 
tubercles, and _the author concluded that BCG is "tuberculo-
enous " even m a small d~se. 

g Schurmans, moreover, d1d not succeed in re-inoculating these 
"tuberculous " lesions. 

Conclusions. 

Hence it would appear that, in the opinion of the large 
majority of investigators, BCG can be administered in consider
able doses to the guinea-pig per os, intraperitoneally, sub
cutaneously and intramuscularly without causing a definite 
disease or a general tuberculous process; when inoculated 
intracardially the same applies, provided that the BCGemulsion 
inoculated is fine, homogenous and free from lumps (capable of 
producing embolic lesions, with rapid death or visceral necrotic 
lesions which heal with difficulty on account of thrombosis and 
the quantity of endotoxins given off at the same point). 

The same remarks apply to the intravenous inoculation of 
rabbits. 

The majority of discordant opinions are due to the acceptance 
of the appearance, a few weeks after inoculation, of lesions 
which are macro- and microscopically similar to typical Koch 
bacillus tubercles as a criterion of "pathogenicity", of "tuber
culogenicity ", or of "virulence ". 

3. VIRULENCE OF BCG FOR GOATS. 

~he innocuousness of BCG for goats has not been particularly 
studied, but it has been proved incidentally i~ the course of 
research work on the premunisation of that aruma! by AscoLI 
~,10), who introduced BCG per os and subcutaneously, and by 
w EI'IL~cH (104) and 0BUKHOVSKY (document C.H.JBCG/ 3, P· 10), 

ho Inoculated subcutaneously and intravenously (25 mg.). 

4. VIRULENCE OF BCG FOR MoNKEYS. 

subS. GRIFFITH (100), at Cambridge, after inoculating monke~s 
i cutaneously and per os is of the opinion that BCG 1S 
nnocuous When thus administered. 
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TzEKHNOVITZER (document C.H.{BCG/3), at Kharkoff 
rated on a few Macacus rhesus and cynomolgus which had a! ope. 
been used for a year for experiments of another kind :efdy 
WILBERT, he inocul~ted them with 50 m~. of BCG, and ~ lke 
rently observed no signs of trouble before moculating them P~a
bacillus Vallee Y2> 7 and 13 ~ months afterwards. "'1~h 

A. ScHLOSSMANN (document C.H.fBCG/4) inoculated so 
Macacus rhesus intravenously and s~bcutaneously with doses~~ 
15, 30 and 50 mg., but as these ammals were kept in conta 
with others suffering from acute pulmonary tuberculosis 1~t 
experiments throw no light on the question of innocuous~esss 
It is worthy of note, however, that, in spite of infectious contact" 
2 monkeys inoculated respectively with 15 and 30 mg. intra~ 
venously, 2 with. 30 mg. intravenously and subcutaneously 
2 with 50 mg. subcutaneously remained healthy and showed n~ 
signs of tuberculous lesions upon post-mortem examination. 

5. VIRULENCE OF BCG FOR BOVINES. 

The result of Calmette's and Guerin's researches into the 
action of BCG in bovines has already been stated. The latter 
has described his last observations and the position in regard to 
vaccination in France in a memorandum annexed hereto (p. 66). 

In Italy, more than 1,000 vaccinations of bovines were 
carried out between 1925 and 1928 by GENTILI, under the 
direction of Ascou (10), in the provinces of Pavia and Sondria. 
Their observations agree with those of Guerin. They noticed a 
transient rise of temperature upon re-vaccination. The autop
sies carried out by these authors showed no tuberculous lesions 
attributable to BCG. They once succeeded in recovering BCG 
in pure culture at the inoculation focus after 11 months; it had 
not recovered its virulence. 

Under the direction of BERGER (document C.H./BCG/2), 
more than 1,000 calves have been vaccinated since 1925 in the 
Netherlands. The observations made upon them and the 
130 autopsies carried out by FRENKEL in no case revea!~d 
tuberculous lesions which these investigators felt justified In 
attributing to BCG. 

GuERIN, RICHART ·AND BoiSSIERE (116) have since 1921 
vaccinated 88 calves a few weeks after birth at an infected stoc~ 
farm. ~n spite of t~e fact that the animals were fed "?th thei~ 
mothers milk unbozled and were not segregated, their heal~ 
did not suffer in any way and no tuberculous lesion was foun~~n 
the 30 post-mortem examinations which were made_. . e 
slaughtered animals yielded a good quantity of meat, which IS a 
proof of sound health. · 

GEROSA (105), after many vaccinations, concluded that BCG 
is absolutely innocuous. 
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GERLACH (1.02, 103, 104), after in:vestigations made in 
Jl boration with KRAUS (161). on the Innocuousness of BCG 

~~r ~alves, ins~tuted ~ vaccmation campaign in infected byres. 
Hr:YMANS, m. BelglUm (131 and ~32), studied the period of 
viva! of BCG 1;1 the ?rgans of bovmes as compared with that 

srthe tuberculOSIS bacillUS Of human type. 
0 

JuNDELL inoculated 2 calves intravenously with virulent 
Koch bacillus 4 a~d 8 months after they had been premunised 

"th BCG. Infect~ng doses of 5 and 2 %mg. had no ill-effects 
:~the animals, whilst 1 mg. of the same strain killed the control 
in 1 month. . . 

In addition, the wnter .vaccmat~d 120 calves in 1927, 
keeping them under observation and m contact with infection 
together with 12~ ~ontrols. I_n Decem?er 1927, there was no 
sign of tuberculosis m the vaccmated ammals. (Communicated 
to Professor Calmette, December 7th, 1927.) 

B. LANGE AND LYDTIN (172), in the course of experiments 
in premunisation, injected bovines with doses of 160 mg. of 
BCG subcutaneously or 20 mg. intravenously. There were no 
ill-effects during the 6 months of observation previous to 
experimental infection with virulent bacilli. 

LIGNIERES (183) injects calves with 50 mg. and finds that 
this does not affect their health. After autopsy, inoculations 
from various organs and even from the contents of the original 
nodule of inoculation did not produce tuberculosis in guinea
pigs. Among bovines, this writer does not know of a single 
case in which BCG could be proved to have produced even the 
slightest ill-effects. 

MELLO (199), at Turin, working with doses of 50 mg. injected 
subcutaneously, also concluded that BCG was innocuous for 
bovines. 

0BUI<HOVSKY AND PACHKOWSKY (217), at Kharkoff, devoted 
special attention to the elimination of BCG from the milk of 
cows after introduction into the dewlap of a dose of from 50 
to 100 mg. After a period of incubation, the elimination of 
bacilli in the milk -where they are. indeed, difficult to discover 
- continu~d up to 2 % to 3 mon'ths. Th~ ino?ulated ~o~s, 
and also gumea-pigs and rabbits inoculated with mrlk co,ntammg 
BCG, remained perfectly healthy. A post-mortem examination 
of the latter showed no tuberculous lesion. 
· Comp~r~tive ·experiments in the inoculation o~ ?ows .with 
~oc~ bac1lh, on the contrary, produced tuberculosis m gumea
Prgs moculated with the infected milk. 
. SrLBERSCHMIDT (276) describes the results of 300 vaccina-

1Ions of calves inoculated by BXR in the Canton Vaud. I.n 
b P.os~-mortem examinations out of 6 in which tuberculo~Is 
acllh '~ere looked for, they were found, but the 11 autopsl~S 

lllade did not reveal a single case of progressive tuberculosis. 
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ScHROEDER, of the Bureau of Animal Industry at "Wa . 
ton, convinced of the non-virulence of BCG, had by th shi_ng. 
of his death 1,000 calves vaccinated. e tune 

TZEKHNOVITZER (288), together with AGALLI, GR.rGoR.ov 
0BOUKHOVSKY and STEJ?ANIENKO, studied the non--viru~tca, 
of BCG in young bovines and horses. Thirteen bovines Weigh?ce 
from 50 to 204 kg. were injected with 80 to 200 mg. of Bcng 
subcutaneously; 2 others with 100 to 200 mg. intra-venou 1 G 
While under observation for 6, 7 and 8 % months bef~ y. 
inoculation with virulent bacilli, they showed no signs of iii 
health and their weight increased from 18 to 180 kg. Tw
post-mortem examinations carried out at 6 and 8 % mont~ 
showed the specific BCG granuloma at the site of inoculation 
and slight hyperplasia of the lymphatic, bronchial and mesenteric 
glands without histological lesions. There were no macro- or 
microscopic tubercles. 

In order to discover whether any biological modification of 
BCG had supervened, guinea-pigs and rabbits were inoculated 
with cultures taken from the organs of the above bovines, from 
the granuloma and from the mesenteric and peribronchial glands. 
No trace of tuberculosis was found 3 to 4 months afterwards. 

Two colts inoculated with 200 mg. of BCG, one intravenously, 
the other subcutaneously, remained in perfect health. Their 
weights increased respectively from 88 to 244 kg. in 12 months 

·and from 140 to 326 kg. in 13 months. 
The members of the Ukraine Commission therefore concluded 

that BCG was perfectly innocuous for bovines and for laboratory 
rodents. The same investigators (document C.H.JBCG/3) also 
kept 400 vaccinated bovines under observation for 2 or 3 years 
without noting any untoward effects. 

UHLENHUTH (294), of Freiburg-in-Breisgau, also concluded 
that BCG was innocuous for bovines. 

E. A. WATSON (301}, at Toronto, alone appears to have 
obtained different results from the use of BCG in bovines. In 
one series of experiments, no animal showed signs of tuber
culosis, while in another all showed progressive lesions .. The 
animals in both series were in contact with infected boVInes. 
In this case the probability cannot be dismissed that the ~CG 
culture 'was either accidentally contaminated or that the b~vmes 
must have been infected before immunity could be established, 
since observations on thousands of bovines in France, Italy, 
Russia, Austria, etc., gave similar results and led to the co~clu
sion that BCG was innocuous for bovines. As BCG is precisely 
of bovine origin, its innocuousness is the more significant. 

* * * 
In the preceding pages mention has been made of various 

attempts at enhancing the virulence of BCG by passages or by 



-91-

artificial lowering of the general resistance of inoculated 
t~Is. The~ have all led to the conclusion that BCG is a true 
a ed virus which does D;Ot, under any circumstances, again 
:come ca:pab~e o~ producmg tu~erculous disease or progressive 
tuberculosis m maculated ammals. [UKRAINE . COMMISSION 

(289), (document C.H./BCG/3), KIRCHNER (140), KRAUS (152), 
LANGE (173), LANGE AND LYDTIN (171), NASTA AND CATZAP 
(209)]. 

6. VIRULENCE OF BCG FOR MAN. 

Before proceeding with this subject, all the terms of the 
problem .sh?uld be. c.arefully stated. The problem is as follows : 
Is BCG m 1mmumsmg doses capable of adversely affecting the 
health of the subjects vaccinated ? 

The point is not whether BCG can be administered in any 
dose to any subject. 

BC.G injected· hypodermically in Tuberculous Subjects. 

CALMETTE had noted (58) the formation of a cold abscess 
after subcutaneous injection of BCG in tuberculised individuals, 
the true Koch phenomenon. Although these abscesses normally 
discharge and heal, he did not consider it desirable to administer 
BCG to individuals in whom tuberculosis was such as to produce 
positive allergical reactions. 

The symptoms of reaction in tuberculous subjects no doubt 
vary according to the dose of BCG inoculated and the method of 
inoculation. Some investigators have tried to use them for 
curative purposes. 

SoRGO (277), in 88 cases of pulmonary tuberculosis, injected 
600,000 to 2,400,000 BCG subcutaneously in from 1 to 6 doses. 
The period of observation is still too short (3 to 7 months) for 
any definite judgment tG be formed of the results obtained. 

VOLK (298) experimented with BCG in cases of lupus. 
Similar attempts to cure leprosy have been made by PoNs 

and CHASTEL (234), SoucHARD (278), NovAES ~nd Row. ~one 
0! these observed any serious complications ; only tmns1ent 
pses of temperature after subcutaneous injection, and small 
0cal abscesses. 

LAVALL AND POMARET (167) on the other hand, observed 
one case of leprosy in which de;th ensued quickly from tuber
~ous cachexia, after 4 subcutaneous injections of 10 mg. of 
b G each. Injections in heavy doses had produced local 

a scesses and prolonged febrile reaction. 
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BCG injected hypodermically in Non-tuberculised Sub· . . ]ects. 

Premunisation by hypodermic injection has been efi 
in several hundred cases under careful medical superv:is· ect~d 
France amongst recruits from Africa and Madagascar 10n.1n 
negative tuberculin reaction and without adverse results 'Wlth 
has been and still is practised among the civilian native pop. 

1 
It 

tion (RouSSEAU 252). U a. 
Administered in doses of 0.01 mg. (i.e., 400 000 bac·Ir 

subcutaneously in the acromial ~e~ion, BCG prod~ces no c~J~ 
abscess. When 3.5 mg. are admmistered, an abscess forms 15 to 20 days after injection, but without local and general reactio 
and heals rapidly after or without lancing (58, p. 213) (experimen~ 
on 140 Malagasies kept unde:f observa~ion for 18 months). 
. In the case of adults ~th negative tuberculin reaction, 

HEIMBECK (126), at Oslo, InJects 0.05 mg. to avoid the cold 
abscess, which is troublesome when the dose is increased to 
0.2 mg. He experimented on more than 500 subjects, 44 of 
whom were nurses and were. kept under particularly close 
observation. No accidents were recorded in the course of a 
whole year. 

BC G injected hypodermically in Infants. 

WEILL-HALLE (305-308), operating on infants from a few 
weeks to a few months old, gradually reduced the dose injected 
subcutaneously from 1 mg. to 0.25 mg., then to 0.06 mg. (i.e., 
2,500,000 bacilli), in order to lessen the local reaction (small 
abscess). The injection produces no general symptoms and no 
alteration in ·the weight curve. About the 3rd week, a small 
subcutaneous nodule appears, while the reaction of the lymph 
glands is slight or nil. About the 35th to 40th day a small cold 
abscess forms, which discharges about the 60th day and lasts 
from 2 to 3 months; the fistula disappears spontaneously. 

Among 16 infants vaccinated, 3 deaths occurred (at 2, 13 
and 16 months), which cannot definitely be ascribed to non
tu~erculous causes owing to lack of information. It sh~uld be 
pomted out, however, that·they ensued in the case of mfa~tsh 
who were in contact for 3 weeks, 2 months and 3 months Wit 
tuberculous parents before vaccination (308). 

BCG administered to Infants per os. 

Reference has already been made at the beginning of thi! 
report to the absence of symptoms of reaction and distu~bafcd 
of gene~ health in the many thousands of children vaccma e 
per os With 30 mg. administered in 3 doses. 
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Th material in hand ~erived from the observation of ._ 
ted fntants gives u~ part~culars regarding the aggregate r;!~f~ 

nfa rtificial inoc~labon With Bcq. and . of frequent accidental 
~ :ction with Yirulent tub7rculosis bacilli. 
1nf In order to JUdge of ~~e mnocuousness of BCG in infants, the 
\lllccine must be adrmmstered .P~r o~ or subcutaneously to 
·nfants with healthy mothers, hvmg m no danger of contact 
~ith tuberculous c~ses. Pos·~-mort~m examinations should be 
made and shoul~ mcl_ude histological examinations and the 
inoculation of gumea-pigs. 

Conclusions as to the Innocuousness of BCG for Various Animal 
Species. 

Conclusions concerning the innocuousness of BCG for 
laboratory rodents un~er certai~?- conditions of dosage and 
preparation of the bac~llus emulsiOn apparently apply also to 
otlier animals. Expenments ma~e on goats show that these 
animals can take doses of 25 mg. mtravenously or hypodermi
cally without ill-effect. Experiments on monkeys show that the 
Macacus tolerate 50 mg. injected subcutaneously. 

Finally, thousands of vaccinations were performed on 
bovines and tens of thousands on human beings by many 
veterinary surgeons and physicians without accidents. 

We feel ourselves therefore justified in saying that writers 
who have used BCG either experimentally or in veterinary and 
human practice are almost unanimous in recognising the 
innocuousness of the doses prescribed by Calmette and his 
co-workers, and that the attempts at increasing the virulence 
of BCG have failed. 

Part II. 

PREMUNISING EFFICACY OF BCG 

It has been pointed out in the first part of this study that 
although, .in the various animal species, BCG is quite inca~ab~e 
?f ~roducmg a progressive generalised and fatal tuberculosis, 1t 
18 likely to cause local lesions by its mechanical action and the 
concentration of its endotoxin in a certain spot. We are 
therefore able to deduce the dose of BCG which can be readily 
tolera~d by each animal species according to the various routes 
Y Which the bacillus may be introduced. 
Th~ study of the premunising efficacy of BCG is still more 

complicated, for the immunity acquired will depend, not only 
on the quantity of BCG introduced and .the route used, but also 



-94-

on the quant;itY of virulent bacilli. i~troduced. for the e . 
mental infectio~, the ~ethod _of their mtroduction, the in~erl
separating the moculahons wrth BCG f~om those with the ~al 
lent strain, and, ~nally, the degr~e of ':lrulence of the straiVlru,. 
the species of arumal under consideration. n for 

We think it essential to point out that "absolute" ac . 
immunity, resistance in abstracto, so to speak, does not eif~~d 
practice (PETROFF, 199). 8 

1n 
One ·cannot reasonably hope to obtain from a para-spec·fi 

immunity-infecti?n•. such _as that produced by _impregna~~c 
with BCG, an u~J:m_uted resistance to any d~se of VIrulent bacill~ 

On what crrterron are we to base our JUdgment concernin · 
the premunising efficacy ofBCG? Should·it be on the resistanc~ 
of premunised animals and human beings to the infections to 
which they are exposed in normal conditions of life in contagious 
surroundings ? Or should we base our opinion on resistance to 
a large number of lethal doses of virulent bacilli ? 

We believe that the first of these criteria is the most important 
one and that, in the study of the resistance to test inoculations 
the positive findings alone have a real significance. ' 

In the course of the experiments, we must therefore note 
what doses of virulent bacilli BCG prevents from developing 
into progressive tuberculosis, and also to what extent BCG may 
retard this development when these doses are exceeded. 

In the case of an animal inoculated with known doses, we 
have two criteria for determining the efficacy of premunition: 
on the one hand, the prolongation of. the life of vaccinated 
animals as compared with that of controls after inoculation with 
powerful doses of virulent bacilli (relative resistance); on the 
other hand, absolute resistance when smaller doses (the size of 
which it is important to determine) do not lead to the develop
ment of progressive tuberculosis. 

Only when we have grasped these notions of relativity, can 
we usefully begin to study the experiments made with regard 
to the efficacy of BCG. 

1. PREMUNISING EFFICACY OF BCG AND ITS LIMITS IN 

LABORATORY RODENTS. 

· CALMETTE (58, p. 111) has not succeeded in producing last~ng 
or complete immunity in these animals but only in prolongmg 
their lives in comparison with controls: He adiDinistered 2 to 
5 mg. intravenously to guinea-pigs of 150 to 200 g. ; 50 ~ar-: 
later, they received 0.5 mg. of virulent bacilli (fine emulsiO~ · 
1 cg. per c.c.). The infection remained localised during t}IIe~ 0 

five months in the glands of the neck, after which protection 
ceased and tuberculosis became general. 
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As a rule, subcutaneous or intr~ peritoneal preventive inocu-
. have little effect on the gumea-pig. 

latifJmette a~ministered per os, with a pipette, 6 meals of 

0 mg. emulsified BCG, and tt~;en 4 others of 20 mg. at 
~hour intervals, to 36 young g!lznea:pigs (8 to 30 days old). 
Three months afterwards, two mfectl!l<J meals of 5 mg. each 
(ditto to 6 controls). T~e 6 controls d1ed of generalised tuber
culosis at pe~iods varYing ~etw~en 70 a':ld 1~0 days later. 
Thirteen vaccmat~~ gumea-p1gs, l.e., one~third, died of pasteu
rellosis with adem tis and a few splanchruc tubercles before. the 
!lOth day. . 

Sixteen others died between the llOth and the 150th day 
All had mesenteric ad~nitis, 4 with a .few small tubercles on th~ 

Jeen 3 with general1sed tuberculosis of the lungs. 
sp Se~en survivors were killed on the 200th day. One had 
generalised tuberculosis, 4 had a few small visceral tubercles 
2 had mesenteric adenitis only: . . ' 

In short, there was protective action - inasmuch as two
thirds of the vaccinated animals survived the controls- but the 
protection was ultimately inadequate. Itistruethattheinfecting 
dose of 10 mg. of virulent bovine bacilli was considerable. 

In rabbits, Calmette finds that subcutaneous injections of 
BCG afford no appreciable protection against virulent intrave
nous inoculation with 0.01 mg. of bovine bacillus. Intravenous 
injections of from 20 to 30 mg. afford protection for about 
6 months against a virulent innoculation (which kills controls 
in 50 to 75 days), after which the lesions pursue their fatal course. 

"Absorption of BCG per os several times, on the other hand, 
is capable of conferring on young rabbits a considerable power of 
resistance to mass infections artificially produced through the 
same channel" (46, p. 115). 

Twelve young rabbits from · 15 to 20 days old received 
10 meals of 20 mg. of BCG each; then, 3 months later, 2 infecting 
meals of 10 mg. of virulent bovine bacillus ; 3 controls also 
received these meals. 

The controls were killed : 
On the 70th day, mesenteric adenitis, a few caseous 

granulations on the intestine. · 
On the 120th day, adenitis plus tubercles disseminated 

over the lung. 
On the 130th day ditto plus large caseous foci on the 

lungs and numerous 'tuber~les on the small intestines. 
Six vaccinated animals in excellent condition were killed: 

On the 150th day, 2 had sclerous mese~teric adenitis and 
a few granulations on the intestine; 3 dttto, plus a small 
t~bercle ~none lung; 1 with small tube:~les on bot~ lun~s. 
Snc. vaccmated animals in perfect condttion were kdled • 

On the 180th day, all had sclerous mesenteric adenitis ; 
3 had no other lesions ; 3 had a few tubercles on the lungs. 

* * * 
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~ocCHINI (35) inoculated 16 rabbits, which had . 
received 50 mg. of BCG intravenously with 0.5 m pre~tous]" 
bovine bacillus by the same route ; ·at' the same ti!e 0~ Vtrulent 
were inoculated. All the rabbits died within 3 m~ thontro)s 
vaccinated animals showed, on microscopic examinatio~ 8 ;. the 
lial desquamation of the pulmonary bronchioles and' eptthe. 
wit? g~ant cell.s ; liver and spleen ~1ypertrophied, with 1;lveoJi, 
cytic mfiltrat10n and small foci of necrosis. This mlf0• 
concludes from his experiment that BCG is not harmlesau lor 
did not in this case prevent a virulent infection. s, and 

CHIARI (76) administered 10 and 5 mg. of BCG to a ui 
pig, and then a month later inoculated it with 1 mg. of vlru~ea. 
bovine bacillus. The animal died at the end of 8 months rft 
autopsy revealed marked tuberculous lesions of the lung a;~ 
spleen, and a characteristic hepatic cirrhos1s. The same results 
were discovered when the virulent inoculation was made with 
the human-type of bacillus. 

DwYKOFF AND MASOUROWSKI (95) vaccinated 17 guinea-pigs 
per os and subcutaneously ~ith doses of ~.015 ~o ~.045 mg. and 
0.0001 to 0.05 mg. respectively. All dted w1tlun periods of 
from 3 weeks to 3 months, except 4 which survived for 4, 5 and 
7 % months. All showed tuberculous lesions with a sclerous 
tendency, marked in proportion to the duration of survival. 
According to these authors, the tendency to sclerosis explams 
tho:: p~·oiongation of resistance and life in the vaccinated animals, 
Dwykoff and Masourowski also observed that guinea-pigs 
inoculated successively with two virulent strains, the s~cond 
more virulent than the first, always showed extensive lesions. 

HARNACH (24), at Alfort, has carried out experiments in the 
protection of birds from tuberculosis with BCG of an avian type 
obtained by 105 passages on biliated glycerinated potato: He 
administered the BCG per os to 2-day-old chicks and mtra-
muscularly to hens. · . 

The vaccinated fowls effectively resisted a digestive infection 
of 2 mg. of virulent avian tuberculosis bacillus ; they were ~~~0 
unaffected by cohabitation with tuberculous birds, but t elf 
immunity did not avail against 1 mg. of virul_ent cul~ure 
inoculated into the veins. In this case, the vaccmated bJr~f 
showed. at autopsy between the 7th and 9th weeks tuberc~es h 
varying size ; the controls died within 7 weeks. Halll~~t 
concludes from this that the protection is satisfactory agau 
a tubP.rcuJous infection through the natural channels. 

HEYMANS (130) J?l'emunised his guinea:pigs by intram~~uJ~~ 
injection of BCG (1 to 50 mg.) ; he inoculated them taining 
same route with a 1% emulsion of tuberculous ~lan_d con • as
bovine bacillus, the virulence having been mamtaJ~P.d b~j~ea· 
sages through rabbits ; this strain killed non-premumsed g 
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. in 30 to 40 days. Weaker emulsions at 1/1 000 lflO 000 ft'foo,ooo still ~illed the. animal~, but took lo~ger 'to d~ so: 
All the vaccmated ammals dted, but they survived afte 

. oculation twice as !I)Tig a~ the controls, though infected with 
~ual doses (60 to 70 days mstead of 30 to 40; 90 to 120 days 
·nstead of 50 to 6~). . . 1

. Vaccinated gumea-pigs and_rabbrts cohabiting with animals 
ffering from open tuberculosis (tuberculous ulcer) contracted 

~~e disease with fatal results. 

IMAMURA AND TAKAI_IASHI, at Osa~a (136), observed that in 
guinea-pigs inoculated With BCGthelesiOns caused.byinoculation 
(O 01 mg.) with virulent Koch's bacillus developed earlier, 
b~t showed a clearer tendency to heal than in the controls. 
in the latter, lymphatic lesions ~ere als? mor~ marked. ' 

They do not note an~ ~rotection of gumea-pigs from virulent 
infection with doses of hvmg BCG less than 0.001 mg., nor with 
dead BCG. 

They hold that a dose of 0.01 mg. of BCG has a definite 
immunising efiect. 

LANGE AND LYDTIN (171) conclude from their experiments 
on guinea-pigs that BCG does protect these animals to a certain 
extent from vimlent infection, but only for a limited time; 
its protective power is very strong against strains of low virulence. 
It is also definite against highly virulent strains in small doses 
given intracutaneously or by inhalation. 

On several occasions vaccination per os has completely 
failed (though it is true that the subjects were adult guinea-pigs), 
and the authors regard the parenteral route as preferable in 
the guinea-pig. 

In the rabbit, however, the intravenous route gives better 
results. 

Basing their conclusions on their experiments on animals, 
Lange and Lydtin feel unable to recommend any wide extension 
of the practice of vaccination with BCG. 

NOBEL (216) has endeavoured to premunise guinea-p~gs 
by administering BCG intra peritoneally ; he obtained no ~fiect1ve 
protection by this method against a virulent inoculation, but 
m~rely secured in most cases a prolongation of life as compared 
With the controls. · 

. OK~LL AND PARISH (208), inoculating premunised guinea-p!gs 
With vrrulent tuberculosis bacillus of the human or bov~ne 
type, noted that the guinea-pigs in question tended to survive 
fhe controls : the smaller the dose of virulent bacillus, the 
t~nge_r the period of survival. They obtained complete protec-

on In only 27% of cases. 
no ~he v~ccinated guinea-pigs in their series eithe~ s~o'Yed 
to s~n of Infection or showed a generalised tuberculosis surnlar 

t at of the controls. 
'1 
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These authors do not consider their results to be appreci hi 
better than those obtained by former methods with attenu!t Y 
living bacilli, bacillary emulsion (BE), or dead bacil1i. ed 

PETROFF AND.BRANCH (227) have endeavoured to ascert . 
the effect of premunition in 38 guinea-pigs. a~n 

I. Eight new-born guinea-pigs received 20 mg. of BCG 
per os 4 times ; then, 1 * months later, 3 drops of virulent 
bacillus emulsion at 100 million per c. c. by ocular instillation 

After 8 months, of those vaccinated, 3 were stili 
alive;. 5 had died between the 130th and 231st day 
3 of tuberculosis ; ' 

After 8 months, of the controls, 5 were still alive. 
2 were dead of tuberculosis. ' 

· II. Eight new-born guinea-pigs received 8 mg. of BCG 
in 4 subcutaneous injections; infection by inhalation of a 
virulent human. strain 

After 8 months, of those vaccinated, 1 was still 
alive; 7 were dead, 4 of generalised tuberculosis. 

After 8 months, of the 9 controls, 6 were dead of 
generalised tuberculosis. 

III. Ten adult guinea-pigs received 12 mg. of BCG 
in 4 subcutaneous injections, and then, 1 month later, 500 
virulent human bacilli subcutaneously. 

After 1 year, of the 10 vaccinated, 3 were still alive; 
7 were dead, 5 of generalised tuberculosis (after surviving 
279 days). · 

IV. Twelve adult guinea-pigs received 12 mg. of BCG 
in the· peritoneum in 4 injections, and 1 month later sub
cutaneous inoculation with 500 virulent human bacilli . 

. . After 1 year, of the 12 vaccinated, 4 were still alive; 
8 were dead, 3 of generalised tuberculosis (after surviving 
123, 238 and 279 days respectively). . . 

After 1 year, of the 10 controls, 1 was still al!ve; 
9 were dead, 6 of generalised tuberculosis (1 survxved 
for 351 days); 2 others were tuberculous. 

From these experiments Petroff and Branch conclude that 
laboratory rodents are not protected by BCG. · 

RAN.coviTz. (239) has, on the contrary, observed t}lat 
premumsed. gumea-pigs tolerated the injection of homogemsed 
tuberculous sputum, whereas controls died in 2 months. 

. RoLLE (247) notes the difference in the protection confer~ed 
on &u~nea-pigs by old and new BCG cultures. In guinea-pigs 
r~ceivmg old cultures, no inoculation abscess formed, and th~Y 
died at the same time as the controls, 56 to 60 days afte~ t e 
subcutaneous inoculation of 0.5 mg. of virulent Koch's bacillus. 



-99-

ose prerounised . with 3- or 4-week-old cultures showed the 
'[!ai abscess, but d1ed after 115 to 154 days (after the inoculation 

Jeer had healed). . . 
u The same author adDUmster~d 20 mg. of virulent bacilli 

(10 mg. intravenously and 1.0 mg. mtramuscularly) to a premuni
d rabbit. The control died on the 80th day; the vaccinated 

s:bbit .was killed on the 216th d~y ~nd sh_owed a slight inoculation 
~bscess (sterile) and characteristic follicles in the lung. 

SATAKE, at Osak~ (255),, in.troduced by injection into the 
stomach of guinea~pigs we1gh~ng 20~ g. _1-5 mg. of BCG. 
After a month, he maculated them With VIr~lent human-type 
bacillus by the sa~e route. In those which had received 
5 ma. of BCG, he d1d not find any tubercles on post-mortem 
exa~nation. He concluded that BCG produced immunity 
to the human bacillus, in spite of the inconstancy of the tubercu
lin reactions observed. 

SELTER AND BLUMENBERG (273) premunised 50 guinea-pigs 
by subcutaneous injections of 5, 10 or 30 mg. of BCG. After 
44 days, half this number received, by the same route but on 
the other side of the abdomen, 1/l,OOOth part of a milligramme 
of virulent bovine bacillus. 

The controls killed between the 74th and llOth days all 
showed caseated nodules at the site of inoculation, caseated 
glands, and extensive tuberculosis of the splanchnic organs. 
In the vaccinated animals, the inoculation nodules were not 
ulcerated; these did not progress, but even receded in 150 days. 
The glands were hypertrophied. There were more or less 
marked tuberculous lesions in the liver and lung, but far less 
marked than in the controls. The BCG had therefore a distinct 
immunising effect. In no case, however, did it suffice completely 
to protect the vaccinated animals from re-infection. In all 
these animals, tuberculous lesions were detected at the site of 
inoculation and in the corresponding glands. In 6 cases, the 
infection had not gone beyond the lymphatic glands. Seiter 
and Blumenberg consider that the infection by BCG is cured 
too rapidly to produce lasting immunity. In their opinion, 
frequent re-vaccination is necessary to maintain immunity. 

. TZEKHNOVITZER AND KocHKINE (288, 289, and document 
C.H./BCG/3), at Kharkoff have carried out a great many 
premunising experiments ori guinea-pigs and rabbits by various 
routes. Their first results may be summarised as follows 
(288) : . 

~· '!fie absorption of BCG per os by young gf!inea-p~g~ 
against maculation per os with virulent human or bovzne bacilli 
o~ly prolonged the lives of the vaccinated animals as compared 
With the controls. 
· 2. I_t was ineffective against a virulent subcutaneous 
Inoculation. · 
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As regards rabbits,, these au~ors have n~t~~ great irre . 
ties in the lesions pro:.uced by v1rulent baCilh m the vaccflar1. 
animals. nated 

Further experi:t:ents (289) gave rather more favour 
results ; a subcutaneous injection of 25 mg. of BCG into 3 gui able 
pigs was followed after 1% months by the absorption of lO nea. 
of Vallee's bacillus per os. mg. 

Three months after this, 2 controls showed generali 
tuberculosis on post-mortem examination, while the th~e~ 
had a discrete tuberculosis. Ir 

The vaccinated animals killed after 4% months showed 
only very slight lesions. 

OBUKHOVSKY (289) caused 14 3-week-old rabbits to absorb 
daily meals of BCG, 8 of 20 mg. and 2 of 24 mg. ( = 208 mg) 
Two months later, together with 10 controls, they receiv~d 
per os 2 doses of 5 mg. of virulent Vallee's bacillis at 24 hours' 
interval. 

Of the 10 controls examined after death, from 2 to 7 
months after inoculation, 7 were tuberculous ; 1 had a 
histologically verified tuberculosis of the kidney ; 2 were 
healthy. 

Of the 14 vaccinated animals, two showed tuberculous 
lesions, ·12 were quite sound. 
This very favourable result may be due to the fact that the 

rabbits used were very young. 

· TZEKHNOVITZER (document C.H.fBCG/3) gives an account 
of his experiments on subcutaneous vaccination against infection 
by inhalation of a virulent strain (Vallee). The doses of BCG 
employed were 5 mg. Infection· was brought about after 
35 days by means of a mechanical inhaler with a 1/100,000 
bacillary emulsion. The autopsies conducted shortly after 
infection showed, in general, tuberculous lesions, in a more 
advanced stage in the controls than in the vaccinated animals. 
From all the experiments conducted on rodents by members 
of the Ukrainian BCG Commission, TzEKHNOVITZER (document 
C.H.fBCG/3) .concludes that the vaccination of these animals · 
has given favourable results in comparison with the controls, 
and that the results ~e~m t_o depend on the age of the .anim~Is, 
the method of adm1mstermg the vaccine, and the mfectmg 
dose. 

ZozAY!o- (312),. in Mexico, has also only been able to !10te a 
prolonga~10n o~ life, as compared with the controls,~n ~acci11ated 
rodents, m which the generalisation of tuberculosis IS delayed 
to a certaia extent. 

* ... * 
In short, apart from a few isolated satisfactory resul~. 

almost all the experiments in· vaccinating laboratory roden 
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'th BCG have, like Calmette's ~peri~ents, proved unsatis-
'\\'1 t as regards absolute protection ; m most cases va . 
::nogs only retarded the fatal development of the tu'berc~~!~; 
inoculated. 

2• PREMUNISING EFFICACY OF BCG FOR GoATs AND PIGs. 

AscoLI (9) has verified the prot~ction conferred on goats 
by' the ingestiOn of B.CG per _.as an~ 1ts ~ubcutaneous injection 
a ainst intravenous m.ocu~atwn wrt~ Vlrulent bovine bacilli. 
S~bcuta~eo!ls prem~msatwn has g1ven appreciably better 
results; It IS only fmr to say that the goats were more than 
10 days old. . 

Ascoli has, howev~r,. exper~mented on pigs under 10 days 
old, and has compared m ~heir case the d~gr~e of protection 
afforded by ~uc~al and subcutal!eous prem~msabon respectively. 
Premunisation IS equally effective under either method against 
small doses of virulent bovine bacilli. Against large doses 
the protection conferred by injection is, in his opinion, much 
greater. 

3. PREMUNISING EFFICACY OF BCG IN MONKEYS. 

It should be remembered that,· after CALMETTE's first 
experiments on Macacus sinicus and cynomolgus (310) with 
doses varying from 1 to 5 mg. administered parenterally, 
WILBERT re-examined the question of the innocuousness and 
efficacy of BCG in these animals in Guinea, where there was less 
likelihood of their having been accidentally contaminated 
with tuberculosis than in European laboratories. He satisfied 
himself that the virulent bacilli at his disposal ("Ratti HR " 
human and "Vallee" bovine BV) were fatal to monkeys. 
Chimpanzees and pithecians ·died in from 3 to 6 months with 
doses of 1fl00,000th of a milligramme (400 bacilli) subcutane
ously. or 2 doses of 1/l,OOOth of a milligramme per os; larger 
doses accelerated the fatal development of the infection. 

Sixteen vaccinations were carried out, as follows : 
4 by injection of 3 meals of 50 mg. of BCG; 
12 by a single hypodermic injection of 50 mg. 

Twenty apes were infected : . . 
10 by 2 injections ·of 0.001 mg. each of VIrulent HR 

or BV strain ; 
10 by single subcutaneous injection of 0.00001 mg. of 

BV or HR. 
There were 20 controls. 
Infected animals vaccinated animals and controls were 

placed in each cage.' . 
Of the 19 vaccinated animals (between Sep~mb~r 1~23 

and February 1925), which had all lived in cohabitation With 
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infected pithecians and healthy controls, on June 15th 1926 . 
6 were still in good health ; ' : 
11 had died - 3 of malaria, 3 of trauma, 2 of pasteurell . 

1 of bacillary dysentery, 1 of cerebral haemorrh~818• 
None of these showed any tuberculous lesions on p gte. 
mortem examination. os • 
Of the 20 infected monkeys : 

19 had died of generalised tuberculosis; 
1 of intestinal obstruction 8 days after inoculation 

Of the 20 controls (contact infection) : · 
19 had died of tuberculosis {1 after 2 months, 6 after 

3 months, 12 between 4 and 5 months, and only 1 after 
9 months); 

1 died of pasteurellosis after 15 days. 

From these experiments we must conclude that BCG is 
effective as a premunising agent for more than a year against 
infection through contact with several tuberculous animals. 
It was possible to maintain immunity by further absorptions 
of BCG without any ill-effects. 

Stanley GRIFFITH (114), working in England on Macacus 
rhesus, was not able to obtain similar favourable results. He 
prepared his animals by injection or ingestion of BCG. 

Ocular instillation of 0.01 mg. of bovine bacillus caused the 
death by tuberculosis of a vaccinated animal. The same 
occurred in the case of the cohabitation of a vaccinated animal 
with a tuberculous monkey. About three-fifths of the vacci
nated animals died of tuberculosis, as against two-thirds of the 
controls. He therefore naturally concludes that BCG is 
ineffective as a premunising agent. 

A. ScHLossMANN (document C.H.fBCG/4), at DUsseldorf, 
has also conducted experiments with a view to protecting 
monkeys (Macacus rhesus) from· infection when living with 
infected monkeys. . 

Eight artificially infected monkeys were used as infective 
agents · against 11 vaccinated monkeys and 20 controls ; 
5 vaccinated monkeys and 5 controls became tuberculous, while 
6 in each group remained healthy. 

The 11 vaccinated animals received the following doses of 
BCG: 

1, intravenous, 15 mg., remained healthy; 
1, intravenous and subcutaneous, 15 mg., developed 

tuberculosis ; 
1, intravenous, 30 mg., remained healthy; 
4, intr~venous and subcutaneous, 30 mg., 2 contracted 

tuberculosis, 2 remained healthy ; 
4, subcutaneous, 50 mg., 2 tuberculous; 2 healthy. 

There is therefore no appreciable difference between the 
results for the vaccinated monkeys and'the controls. · 
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On the other hand, S_chlossma~m has noted that, whereas 
the monkeys housed m cages m ~he open air survived i 

~~od health, those whos~ cages were mdoors all died. n 

Tz:EKliNOVITZER and Ius col~aborators (document C.H.JBCG/3) 
ccinated subcutaneously Wlth. a. dose of 50 mg. 3 Macacus 

V'a 4 !40 to 6,600 gl?s. afte: venfymg the fact that the ave 
of 'gative tuberculm reaction. These animals and 2 cJn~rols 
a~: inoculated with 0.0001 mg. of Vallee bacilli respectively 
~~er 1 Y2 months, 7 months and 13 7'2 months, as well as 2 a ntrols (3 400 to 7,120 gms). 
co One co~trol died after 1 7'2 ~onths ; the vaccinated monkeys 
died of generalised tuber~ulos1s after 5%, months. 

The last control was killed after 5¥2 months and was found 
to have contracted a prol!ounced tuberculosis. · 
. The monkeys in q~estion had already been used for measles 
and scarlet~fever ex;penme~ts ; they never reacted to tuberculin 
even after virulent moculatlon. 

4. PREMUNISING EFFICACY OF BCG IN CATTLE. 

It may be desirable to recapitulate the essential data of 
the main experiments conducted by CALMETTE and GuERIN 
on the vaccination of cattle. 

I. So far back as 1911 (45), Calmette had proved that 
cattle which had received in their veins up to 200 mg. of BCG 
could readily tolerate the intravenous inoculation of virulent 
bacilli. 

II. His first systematic attempts to vaccinate against 
artificial infection go back to 1913 (46, 47). 

Eight heifers, 9 months old, received intravenously, 
at one~month intervals, 1 and then 5 mg. of BCG (at its 
34th passage on bile); then 3 mg. of virulent bovine strain 
(S. Nocard), which was also given to a control. 

The latter died of acute tuberculosis on the 34th day, 
whereas the vaccinated animals remained in good health.
They were killed at various times between the lst and 
18th months, and were found to be free from tuberculosis
(although their glands, inoculated into guinea~pigs, infected 
the latter with tuberculosis). 

· III. The second series of experiments (1919~24) (51) w~s 
concerned with subcutaneous vaccination which other expen~ 
Illents had shown to be preferable to intravenous vaccina~ion. 

~ . T~e immunising doses employed were 50 mg. in a s1l!gle 
lnlectlon for 6 heifers and 100 mg. for 6 others. E1ght 
e?ntrols were placed among the vaccinated animals. The 
Vlrulen~ inoculations were made every three months after 
premumsation: they were given in doses of 5 mg. of Vallee 
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strain intravenously. In all the vaccinated animals th 
was a violent thermic reaction for 24 hours, followed ere 
return to health. In the controls, the fever made its app by 
ance on the 13th or 14th day only, and continued uea~~ 
death, which occurred between the 30th and 45th d:til 
Two controls, still alive but emaciated and ill, Were slau:h· 
tered on the 60th day: they also had miliary tuberculos· ~ 

The vaccinated animals killed 2, 3, 8, 11 and 12 month· 
after the test inoculation did not show any tuberculosiss 
The glands of those killed 11 and 12 months afte~ 
inoculation were no more virulent for the guinea~ i 
(like those of the animals (58) vaccinated intravenously1 
(Exp. II). 
IV. The first experiments in the protection of cattle against 

contact infection were unfortunately brought to a premature 
close h)" the war (58). 

Vaccinations were made intravenously, and were repeated 
once or twice in the same manner. At the end of the 
observations, 32 months after the beginning : · 

Of 4 controls, 3 showed pulmonary tuberculous foci · 
1 was unscathed, none had shown any clinical symptoms: 

Of the 3 animals which had received only one premu
nising injection, 2 showed a few tubercles in the lungs 
and in the mediastinal and mesenteric glands. 
The other 4 vaccinated ,animals were free from tuber

culosis. 

V. We would merely remind the reader of Gu:ERIN, RICHART 
AND BOISSI:ERE's experiment (116) on protection against natural 
infection, which succeeded, by simple parenteral vaccination 
of newborn calves and their annual re~vaccination between 
the years 1921 and 1926, in eliminating tuberculosis from an 
infected hyre. Of the 110 cattle thus vaccinated, 30 were 
slaughtered on account of old age and post-mortem examination 
did not reveal any tuberculous lesions. 

Ascou (10, 13) has conducted several similar experiments 
on the premunising efficacy of BCG in cattle in the neighbourhood 
of Milan. · 

At Stradella, 7 heifers vaccinated hypodermically .and _3 
controls were inoculated with the same doses. An epidem~c 
of septic pneumonia which broke out in the byre made It 
impossible to follow the tuberculosis infection up to its natural 
termination. The post-mortem examinations showed tubercular 
lesions in the lungs of the controls only. Two vaccinated 
heifers survived. . 

At Cascinazza, 2 calves vaccinated in February 1925 a~d 
re-v~ccinated in February 1926 were inoculated intraven?usly 1ll 
Apnl 1926, as also were 2 controls, with tuberculosis virus 
isolated from an ox of the same stock. The controls sicl{ened 
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'ed 27.and 30 .days after the test inoc~lation; the vaccinated 
an~ dial survived m good health and gamed weight normally. 
anJJll s 

LANGE AND LYDTIN (172) have carried out the following 
eriments: 

eXP I Intravenous inocul:;ttion of 2 mg. of Vallee's strain 
. to ·calves which had rece~ved 4 months previously : 
Jn 1, 20 mg. of BCG ~ntravenously : slaughtered after 

75 days ; no tuberculosis. 
4, 160 ~g. of BCG subcutaneou~ly: 1 died of miliary 

tuberculosis on the 5~th day ;,3 surviVors were slaughtered 
on the 76th day, ~ICroscopic tube,rcles (BCG lesions ?). 

4 controls : 2. died on the lOth and. 25th days; 2 
slaughtered, showmg small pulmonary lesiOns and micro
scopic tubercles. 
11. Intravenous inoculation of 20 mg. ·of Vallee's 

strain 6% months after premunisation with 100 mg. of 
BCG subcutaneously. 

2 vaccinated animals, 2 controls : all died in about 
20 days. 

The Vallee strain used killed a control in 31 days 
at 5 mg. and in 38 days at 0.5 mg. 

The authors conclude that the intravenous is preferable 
to the subcutaneous route, which they consider ineffective from 
the point of view of premunisation. It is unfortunate that the 
animals experimented upon were slaughtered so soon (after 
75 days}; tlris, in the first experiment, made it impossible to 
see the ultimate effect of vaccination and of the virulent infection 
in the controls. As, moreover, there is no indication regarding 
the results of inoculation of the lesions into guinea-pigs, it is 
difficult to gather whether the phenomena observed in the 
vaccinated animals were BCG lesions which had not yet receded, 
or actual tuberculous lesions in course of development. . 

In the second expedment, the dose of 20 mg. of virulent 
bacilli by the intravenous route would seem to be capable of 
overcoming any resistance. (It is equal to 40 times the dose 
which was fatal in 38 days.) 

LIGNIERES has verified !the protection conferred by B~G 
on calve~ against infection by cohabitation (183). Studymg 
~e re!ations between tuberculosis immunity and allergy (185}, 
e pomts out that calves which received 50 mg. of BCG sub

cutaneously resisted the test infection. With a dose of 6 mg. 
~f BCG they did not resist and their tuberculin reaction was 
Irregular. With a dose of '2 mg., there was neither resisfance 
nor allergy. 

Wit~ELLO (199) vaccinated newborn calves !Subcutaneously 
intr 50 mg. of BCG .. Ten days later he inoculated o~e. of th~m 

avenously with 3 mg. of virulent bovine bacJlli, which 
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produces fever in vaccinated anima~s. but mere uneasin . 
controls. A post-mortem examinatiOn showed discrete rs tn 
culous lesions, a few caseous nodules, and mesenteric ad u~~r
Another which received the same infecting dose but 30entbs. 
after premunisation, did not show any microscopic lesiondays 
tuberculosis bacilli. 5 or 

The control showed generalised tuberculosis. 
Other experiments on 23 calves led the author to conclud 

that BCG g~ven to calves very short!~ after birth confe e 
complete resistance to small doses of virulent bacilli and ( 
attenuated tuberculosis bacilli; that in the case of infectin ° 
inoculations in huge doses it is not always possible to confeg 
complete im.muni~; .and that. the efTect of premunisation i~ 
these cases 1s to hm1t the leswns and lengthen the survival 
period. 

Mello's experiments show how necessary it is to wait not 
10 days, but 1 month, before making the test inoculation' after 
vaccination, in order that the vaccination may have iime to act. 

TZEKHNOVITZER, KRAFT-PALEI, ELENIEVSKI AND PETROFF 
reported in 1927 (288) the following experiments: 

Thirteen cattle received doses of 83, 166 and, in 2 cases, 
100 and 300 mg. of BCG subcutaneously, and then, after 7 or 
8 months, 5 mg. of the Vallee strain. 

All survived in good· health without fever and fattened 
satisfactorily, except one, which died from another cause 
(the post-mortem revealed no tuberculous lesions 1 Y2 months 
after inoculation). 

The 3 controls died in less than a month and a-half of 
miliary tuberculosis. 

Some of the vaccinated animals showed a very small number 
of tubercles in certain organs. Histologically, they were still 
circumscribed by connective tissue, from the surrounding 
tissue, ·and were quite different from the tubercles observed in 
the control ·animals. 

Of the 2 animals vaccinated intravenously with 100 and 
200 mg. of BCG respectively, the former, in excellent healt~l 
when slaughtered, showed a small caseous nodule of indeterrru
nate character in. the left lung. The other had no trace of 
tuberculosis. 

These authors conclude that there is a clear resistance to 
virulent intravenous infection. 
· The more recent experiments of 0BUKHOVSKI (document 
C.HiBCG/3) give similar favourable results. 

I. Six cattle which had received first 100 mg. of ~CG 
subcutaneously and then 5 mg. of Vallee bacilli remaxned 
outwardly in good condition. When slaughtered, they shOwed 
at the post-mortem : 
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1 a specific induration of the right lung. 
4• an engorgement of the mediastinal glands . 1: nothing. . . ' 
seven controls, all chmcally tuberculous showing at 

the post-mortem tubercles evolving in th~ lungs and 
bronchial glands. 
II Four cattle premunised with 100 mg. ofBCG received 

with '1 control, after 16 to 18 months, 10 mg. of Valle~ 
bacilli. . d . 25 d 

The control dre m ays of miliary tuberculosis. 
1 vacc.inated animal died in 27 d!lys of miliary 

tuberculosrs ; 
3 vaccinated animals survived in good health. 

* * * 
We have already referred, in the chapter concerning the 

innocuousness of BCG, to the experiments conducted by 
WATSON (301), who, in a .first seri~s, found no tuberculous 
lesions in any of the va?cmated ammals exposed to contact 
by cohabitation, whereas, m the second series, all the vaccinated 
animals and only one of the controls died of tuberculosis, 
which would suggest that the culture was not pure. 

Experiments conducted on cattle with BCG, and thousands 
of vaccinations carried out on cattle in various countries, 
clearly prove the innocuousness of BCG. Its efficacy against 
contact tuberculous infection, experimentally proved by 
CALMETTE, GuERIN and their collaborators, in doses of 50 to 
100 mg. administered subcutaneeusly, has been confirmed by 
LIGNIERES. Vaccinations carried out under the direction of 
Ascou, BERGER and 0BUKHOVSKr in Italy, Holland and the 
Ukraine, not to mention those made by GuERIN in France, 
seem to confirm the efficacy of the product in this dose and 
administered by this route. This will be definitely proved 
when animals isolated and fed on sterilised milk dur·ing the first 
month have been observed over a sufficient period of time, and 
been finally examined post-mortem. 

Protection against test intravenous inoculation by subc!Jta
neous premunisation 'with doses of 50 mg. of BCG, obtamed 
by C~Imett~ against a dose of 3 mg. (Nocar~ strain) an~ 5 mg. 
(Vallee stram), has also been obtained agarnst doses 01 3 mg. 
(Vallee strain) by MELLO {199), 2 mg. of the same strain by 
LA~GE and LYDTIN, in 3 cases out of 4, by TzEKHNOVITZER 
agamst 5 mg., and by OBUKHOVSKI even against 10 mg. 
. It ha~ been proved by MELLO, on the other hand, that a 

Vlru~ent maculation given in these same doses too soon after 
vaccmation is fatal, as is also the heavy dose of 20 mg. (LANGE 
AND LYDTIN). 

It should not be forgotten that 0 5 mg of Vallee strain can 
cause th d . · · e eath of controls m less than 40 days. 
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5. PREMUNJSING EFFICACY OF BCG IN MA:N. 

A. Vaccination of Infants per os. 

1. The first vaccinations of human beings w·tl 
were carried out by WEILL-HALLE AND TURPIN (302 1o3 BCG 
307) from July 1921 onwards by ingestion. They ~stab'· 305, 
the complete tolerance of the intestine to 3 successive l~shed 
of 10 mg. of BCG, or 1,200,000,000 bacilli each. Of 120 af oses 
vaccinate_d ~n 1_921, 8.0 were foun~ to be in good health l:1 1~21~ 24 were hvmg m an mfected envrronment. • 

2. From. ·1922 to ~he end of 1925, WEILL-HALLE AND 
TuRPIN vaccmated 317 mfants, 57 of whom were living in an 
infected environment. By January 1st, 1927, only 1 death from 
tuberculosis had occurred in this group. 

The increase in weight of the vaccinated infants was normal. 

3. After July 1924, French medical practitioners and 
dispensaries began to vaccinate with BCG furnished by the 
Pasteur Institute. The Institute supplied the vaccine free 
of charge and, by sending questionnaires to the medical practi
tioners, obtained a succession of reports as to the condition of 
the various vaccinated infants which enabled the observation 
cards to be kept up to date. 

In 1927, the material thus collected was embodied by 
MOINE (202) in a report dealing with 981 infants in tuberculous 
surroundings, vaccinated between July 1st, 1924, and February 
1st, 1926. This authOr gave the following ~eath rates among 
children vaccinated orie or two years prevwusly : 

Number of Number of General Jlorialilyfrom 

dealhs infonls worlalily iubereultsis 

"lo .,. 
Infants in contact with tuber-

6.3 0.7 culous mother ........... 17 303 
Infants in contact with tuber-

288 5.69 1.14 
culous father ............. 15 

Infants in contact with tuber-
culous father and mother ... 4 35 12.9 0 

Infants in contact with tuber-
4 86 4.97 t.22 

culous collateral relatives .. 
Infants in contact with unspeci-

39 257 16.5 0.5 
fied tuberculous persons .. 

Infants born of tuberculous 
1 12 8.3 8.3 

mothers separated at birth .. 
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4 BraAUD (32). s~udi~d the obseryation records of 1,050 
=nated infants hvm~ m conta?t With tuberculous persons. 

f'iec~omputed the followmg mortahty rates, using the life-table 
method : Morlalily in !be [iral ym Morlolily io !be mond nar 

Ge•eral From General Pro~ 
luberculosit 

0lo 
V inated infants living 
3j~ contact with tuber-

culous persons. . . . . • . 1.050 7. 6 1. 55 1. 88 

tnberc:uloli.1 

0 

Vaccinated infa!lts living 
in contact w1th tuber-
.culous mothers...... 487 6.6 2.46 1.04 o 
5 OTT (64, 65) gives the foilowing figures for vaccinated 

infa~ts in the Department of Seine Inferieure on January 1st, 
1927: . 

Infants vaccmated between July 1st, 1924, and January 
1st, 1927 : 228 

Number ·whose whereabouts could be traced on the 
latter date : 224. 

Infants living in contact with tuberculous persons ; 
number having : died 24 out of 181. · 

Infants not living in contact with any person known to 
be tuberculous; number having died: 8 out of 43. 
Six deaths had been attributed to tuberculosis. 
6. MoaLOT (58) recorded the following figures on January 

lst, 1927, at the Havre Dispensary : 4 deaths among 44 vacci
nated infants ; none attributed to tuberculous disease. 

7. CALMETTE has also published (55) in summarised form 
the observation records of the vaccinated infants whose deaths 
were attributed to tuberculosis : the retiology of the tuberculous 
infection remained obscure in one case only ; in the others, the 
source of infection was evident and the disease might perfectly 
well have been contracted during the period preceding the 
establishment of immunity. 

8. Later publications by CALMETTE (64, 65, 66) contain 
more recent figures with regard to the same data, the percentages 
calculated being even lowerl. 

Calmette draws a favourable conclusion as to the efficacy 
of BCG vaccination per os by comparing the general death rate 
and t~e mortality from tuberculosis among the vaccinated, 
~:t.With the infantile mortality in the general population _[8.15% 
, .. ~ome) or 7.6% (Birand), as against 8.7%] and then With the 
corresponding figures for such infants living in a tuberculous 

De~ Professor Calmette also publishes in the Annales de l'lnstilul Pasteur, 
With 1b~r 1928, a summary cmnpiled from the partlcula~s of lnfa~ts living in contact 
llled· ~ erculous persons whicli were obtained by sendmg questiOnnaires to French 

tea, Practitioners and dispensaries iu July 1928.:i, 
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environment, in different towns and at different . 
These figures vary considerably in relation to each other ~eriods. 
ing to the period, the social environment and the deg ccord
infectiousness of the contact concerned. ree of 

50.5 % {WEINBERG) : mortality during the first· ~ 
of life among children of tuberculous mothers, at StuttgYear 
1873-1889. art, 

50.28% (STRAuss): mortality during the first 
of life in poor tuberculous f~milies _in Paris, 1906-l~~~r 

52.6 % (GuiLLON) : mortahty durmg the first year · 
life among patients attending the anti-tuberculosis diof 
pensaries in the Department of the Seine, 1925. s

. 80.0% (BERNARD, DEBRE, LEL?NG): infants of tuber
culous mothers, not separated, Paris, 1925. 

20.0% (FALLOISE): mortality from tuberculosis during· 
the first year of life among infants born of tuberculous 
mothers. 

24.0 % (CALMETTE) : mortality from tuberculosis during 
the first year of life among children of tuberculous mothers 
attending the French dispensaries between 1922 and 1925. 
Having regard to these figures, Calmette is of opinion that 

the infant mortalit)' rate among infants living in contact with 
tuberculous persons in France is at least 25 % and considers 
that the reduction from 25 % to 7-8 % should be attributed 
to the effects of vaccination. • 

* * * 
A large number of workers have published figures of the 

death rate among infants vaccinated by them. Of these, 
we can only give a brief extract. It must be admitted that 
the majority of these statistics are only provisional and incom
plete, and that many of them afford an indication rather 
than proof of the premunising action of BCG. · 

In Algeria, RouGEBIEF (250) reported 623 vaccinations 
carried out in 1925 and 1926. Of 60 infants kept under qbser· 
vation for over a year (22 living in tuberculous surroundmgs), 
12 died, but none of tuberculosis. 

In Belgium, MALVOZ AND VAN BENEDEN (21, 2?, 19~) 
reported 386 vaccinations in 1924, 1925 and 1926. An mvesti
gation was made in 1926 concerning : 

. 23 infants vaccinated. more than 2 years previously: 
16 followed up (10 in contact with tuberculous 

persons); 
2 deaths not due to tuberculosis. . . 

115 infants vaccinated from 12 to 24 months previously · 
53 followed up : 



-111-

1o not in bco~ta1ct ~.th tuberculous persons; 5 deaths 
ot due to tu ei cu osis , 

n 34 in contact : 1 death from tuberculosis (aft 
whooping-cough); 1 death not clue to tuberculosis. er 

BuscHMANN (42) vaccinated 89 infants between 1925 and 
l.t 1927, 30 of whom. were kept under observation for 2 

Ju J He performe? P1rquet s~m-tests in series and found 
year!ted variations m- the ~eactiOn of t~e same individuals 
foP'iliis test. He .noted a .~ghe~ proportiOn <?f positive skin 

ctions among mfants hvmg 111 contact With tuberculous 
reasons (20 to 26%) than among the others (13.3% at 4 to 6 
~~nths): He. believes that protection is a!Torded against 
natural mfect10n. 

In Bulgaria, PETROFF A~D MAY A~ OF~:" have prepared BCG 
at Sofia and have supervised vaccmati.on. For the period 
October 1926 to_De~ember 15th, 1?27, particulars are as follows: 

352 vaccmatwns were camed out; 224 of the vaccinated 
children were re-inspected in 1927; 13 deaths. 

Of 185 not living ii1 contact with tuberculous persons : 
number living, 176; number having died of non-tuberculous 
disease, 9. 

Of 52 living in contact with tuberculous persons : number 
living, 48; number having died, 4, including 1 death from 
tuberculous broncho-pneumonia at 10 months (tuberculous 
father and mother) ; number having died from other 
diseases, 3. 

In Canada, 381 vaccinations were carried out in 1926 
and 1927, under the supervision of the School qf Social Hygiene 
at the University of Montreal in that city : 

Among 234 vaccinecs, kept under observation, 9 deaths 
had occurred on December 31st, 1927, none being due to 
tuberculosis. 

Of 15 vaccinees, kept under observation and living in 
C?ntact with tuberculous persons, 14 were living; 1 had 
died -of capillary bronchitis. 

I~ Spain, over 2,000 infa:nts have been vaccinated at 
Madnd, Seville, San Sebastian, Gijon and Barcelona. . · 

The following results were obtained at La Inclusa, Madnd 
(foundling institute), by BRAVO y FRIAR AND MUNEYERRO: 

Vaccinated in 1927: 358 infants, 880 controls. Post
mortem examination was carried out in tlze case of every deallz. 

. Of the 358 vaccinated, 250 were living, 158 died. 
The post-mortems showed that only 4 deaths were d~e 
to tuberculosis. this being 1.1 death from tuberculosis 
per 100 vaccinees. . 

Of the 880 controls, 287 died : 34 from tuberculosis = 
3.8 %. 593 were living.-· 
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The heavy general death rate in both groups is e · . 
py ~e special conditions. under w~ic~ they are· re~~~~tned 
Illegitimate and deserted children; artifiCial feeding and infUit~d: 
which plays havoc· in a community of infants. ectton 

From November 1924 to August 1928, SAYE and h' 
WOrkers DOMINGO and MIRALBELL (256, 257, 258) (doc~S co. 
C.H.JBCG/12) vaccinated 442 infants, 277 of whom ment 
followed up and carefully watched. Were 

Among the 218 living in a tuberculous environm 
there occ~rred : 48 deaths (18.34 % ), including : 5 r:~t, 
tuberculosis, or 2.29 % ; 6 from presumed tuberculosilll 
or 2.75%; 29 from other diseases, or 13.30%. .1 

5
• 

Among the 59 living in a healthy environment, there 
were : 11 deaths, or 18.64 % (none from tuberculosis). 
These death rates relate to the total deaths during the 1st 

2nd and 3rd years and the first 10 months of the 4th year. ' 
The total tuberculosis mortality during that period was: 

11/218 = 5.04%; and 50f285 = 17.54% (in an unvaccinated 
group of controls in the same environment). 

Infants living and healthy: vaccinated, 169/218 = 76.14%; 
controls, 44/101 = 43.56 %. 

Details of these observations, together with a more complete 
analysis, have been published in document C.H./BCG/12. 

In the United States, William PARK (222) vaccinated 50 
infants : 4 deaths, none due to tuberculosis. Among 100 con
trols : 7 deaths from tuberculosis. 

In France, ARMAND-DELILLE (3) has reported the following 
results of vaccinations carried out in Finistere : 

Among 303 vaccinees in contact with tuberculous 
mothers: general mortality, 6.3%; mortality from tuber
culosis, 0.7 %. 

Among 288 vaccinees in . contact with tuberculous 
fathers : general mortality, 5.6 % ; mortality from tuber-
culosis, 1.14 ~~· . · 
BRAU.LT AND RocHARD (40) vaccinated 220 infants; 200 were 

kept under observation; many in a suspect environment; 
9 exposed to heavy infection : 5 deaths, of which 1 due to 
tuberculosis. 

WEILL-HALLE (305) also carried out vaccinations per os 
in Paris. . 

Of 469 vaccinees, 317 were kept . under ob~ervation. 
Among 236 of these, living in a healthy env1ronmt~ 

there were 7 deaths; among 67 living in a tubercuf 0 ':n_ 
environment, there were 7 deaths, including 1 or 2 . ro 
tuberculosis. · 

Total number of deaths from various causes among 
469 vaccinees: 33, or 7.1 %. 



-113-

The 33 deaths can be_ classified as follows: 
6 early deat~s dun~g t~e first 2 weeks, coinciding 

with small hospital e;rndeiDlcs ; 
16 deaths occurrmg later from non-tuberculous 

diseases; . 
10 due to undeter~med causes ; 
1 definitely ascerta~ned to be due to tuberculosis, 

at the age of 4 months: mfant fed by tuberculous mother. 

In Greece LAMPADARIOS (168) reported 699 vaccinations 
· d out f~om April 1925 to April 1928: 

came 540 were followed up, including 74 in a tuberculous 
environment~ . . . 

Among 466 under observat10n m an umilfected environ~ 
roent: 31 deaths not ·due to tuberculosis; 1 death from 
tuberculosis (doubtful). . . . 

Among 74 under observat10~ man mfected environment: 
1 death not due to tuberculosis, and a death from tuber
culosis. 

In the Netherlands, Heijnsius VAN DEN BERG (133) carried 
out vaccinations at Amsterdam on a limited group maintained 
under particularly careful observation ; moreover, the infants 
were kept in hospital during the first weeks of life, thus enabling 
the BCG to act under ideal conditions. 

80 vaccinated, 22 of them in the manner prescribed 
by Calmette: 1 death from tuberculosis at the age of 
5 months, or .6 % ; 1 death from syphilis. The remaining 
20 were living at 18 months. · 

50 controls : 12 contracted tuberculosis during the 
first 18 months ; 9 deaths (18 %) ; 1 death from pneumonia. 
The post-mortem examinations confirmed the diagnosis. 
Heijnsius van den Berg concluded that BCG is effective 

~s a prophylactic, although tuberculin allergy did appear only 
m the case of the infants living in contact with tuberculous 
persons. 

In Italy, A. AscoLI (13 and 14) carried out 222 vaccinations 
from 1925 to June 1928 at the Anti-Tuberculosis Vaccine 
Institute at Milan on infants living in a tuberculous environment, 
only 21 deaths occurring between the ages of 16 days and 
11 ~onths {all in children of tuberculous parents); only 1 case 
possibly attributable to tuberculosis after whooping-cough. 

In Mauritius, the BCG vaccine prepared by BARB~U 
ANo MAYA was used by 36 medical practitioners, who carried 

3oult 2,400 vaccinations between September 1925 and December 
st, 1927. · 

. Among 787 vaccinees in respect of whom the questi~n
nalres were . completed~ the general mo:tality was 4 Yo. 
no death bemg attributed to tuberculosis. 
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The mortality in the island among unvaccinated · f 
of the same age (0 to 19 months) was 11.9 %. ln ants 

Of 28 vaccinated who lived in contact with tuber 
persons : 4 died from non-tuberculous diseases . 2~ulous normal. (Communicated by Dr. Maya.) . ' are 

In Roumania, a widespread movement in favour of vac . 
tion has been started under the guidance of CANTACUZENE (~;)" 
particularly in the towns. At Bucharest, 65 % of the newb • 
babies are vaccinated. orn 

GANTACUZENE AND MIHAIESTI (72) report that the numb 
of infants vaccinated rose from 938 in January 1927 to 2 274 i~ 
March 1928, of whom over 600 were in Bucharest. ' 

Vaccination appears to be accompanied by a considerable 
decrease not only in the mortality from tuberculosis but also 
in the general death rate. 

At Bucharest, in 1926·27, 238 deaths occurred among 
5,767 vaccinated infants (4 %). of which 1 only was due to 
~uberculosis, whilst the infant mortality among the unvaccinated 
amounted to 22.1% in 1927. 

Of 101 newborn babies living in an infected environment 
only 1 died. ' 

At Craiova, the general mortality among the vaccinated 
in 8 months was 6.4 %, as against 26.4 % among the unvac
cinated. 

At Jassy, it was 5%, as against 15 %. 
These figures are very suggestive, although the percentages 

calculated in respect of the vaccinated do not correspond to 
real infant-mortality rates, as the observations did not always 
extend over a complete year. 

ln Sweden, ·at Falun, between August 1926 and December 
1927, MALMSTRoM (195) vaccinated 25 infants, all of tubercul.ous 
parents, 3 being separated at birth. 

In December 1927~ 24 were in good health; 1 death 
(premature child, died at 4 months from ordinary broncho-
pneumonia). · 
. Enquiries made by this worker in the same province (Oale

carlia) among the tuberculous families supervised by the 
dispensaries showed that the mortality during the first yea.r 
was 11.5% (18/156) and the infantile mortality from tubei-
culosis 4.5 % (7/156). . 

The total mortality betWeen the ages of 1 and 2 in ~IS 
environment is 6.3 %, and the mortality from tubercula~~· 
5.5 %. There is thus an appreciable difference between 6 

vaccinated and unvaccinated. 
. . 27 

In Ukraine, between Novetnber 1925 and August 19 r~ 
JAKHNIS (138) vaccinated 472 infants, 404 of whom we 
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t under observation •. On April 15th, 1927, their situati 
jleps as follows : on 
wa Living Dead 

. contact with tuberculous 
:No~~hers .. · · · · • · · • · · · · · · · • • · 15n 19 

tact with suspects . • . . . • • • . . 112 () 
In contact with persons with active 
In con · 95 

tuberculosiS · · · · · • · • ·. · · · ·• · · · 
ntact with persons wxth open 

InCO · 41 
tuberculosiS · · · · · · · · · • · • • • · · 1 (pulm. tbc.} 

404 26 

Jakhriis noted tha_t the perceptage of tuberculin reactions 
was higher in proportwn as the nsks from tuberculous infection 
were greater. He finds these. results encouraging, but is of 
opinion that !'- local. comparative surve~ of the ~ortality of 
unvaccinated mfants m a tuberculous environment 1s necessary. 

With certain exceptions, such_ as the ~gures prepared by 
Heijnsius van den Berg,. Malmstrom, Saye and a few others 
the statistics relative tO vaccination per OS, a brief extract 
from which has been given above, are not sufficiently accurate 
or .complete to constitute experimental proof, and merely afford 
an indication as to the probable innocuousness and value of 
the Calmette method. 

Crilic~sm of Calmette' s Statistics. 

Since Calmette has resorted to statistics as a means of 
proving the efficacy of the BCG method, his statistical reports 
have naturally been subjected to careful scrutiny and criticisms. 

These criticisms have come from GREENWOOD (110, 111, 113) 
(Lo~d?n), and RoSENFELD (248) (Vienna), specialists in medical 
statistics, and a pediatrician, WALLGREN (299) (Goteborg). 
Other workers, moreover, have reproduced these criticisms in 
the medical press. . . 

Some of the criticisms advanced are applicable not only to 
Calmette's statistics, but also to those prepared by other 
autho~s. We reproduce them in some detail, statistics being 
~ sub]ect which does not lend itself to summarised or gener~l 
n!atment. Moreover, by pointing out the defects of tb1s 
~d, ":e.~ope to secure their avoidance.in future. wor~. 

rel e CritiCisms made are of two very d1fferent kinds · some 
vaat~ to the methods used in collating the data concerning 
to ~nees and to the computation of the .death rates, others 
conce: .selection made by Calmette in the statistical ~ata 
With J:ng unva~cinated children (for purposes of companson 

e mortahty of the 'Vaccinated). 
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The defects of statistical method are of somewhat difl'e 
kinds in Calmette's successive papers on the results of vacc~ent 
tion in adults : · •na~ 

1921 to 1926, Annales de l' Insliiul Pasteur, Febru 
1926 (55); . · ary 

June 1st, 1924, to January 1st, 1927, ibid., March 1927 (60); 
June 1st, 1924, to December 1st, 1927, ibid., January 

1928 (64). 

The criticisms can be summarised as follows : 

1. The informati?n collected refer~ only to one section of 
the vaccinated, and mvoluntary se!ectwn .may the_refore have 
occurred, since the group concernmg whtch the mformation 
is available may not give a true picture of the whole (248). . 

2. All the percentages that have been calculated· do not 
represent real annual mortality rat~s, since they are based on 
the deaths of infants who had not completed their first year 
(55 an~ 64), and among whom a furthe_r number of deaths, 
increasmg the percentage quoted, was obviously bound to occur 
before the completion of that period. This is !!. considerable 
cause of error, and its correction should roughly double 
the rates published. · GREENWOOD (113), WALLGREN (299), 
RosENFELD (248). 

BrRAUD (32) and MoiNE (202), who have avoided this error, 
have arrived respectively at general mortality rates of 7.6 % 
and 8.9 % for vaccinated infants living in contact with tuber~ 
culous persons (first year), working to some extent on the same 
observation records as those used by Calmette, who computed 
the rate at 3.1 % (64). 

3. The mortality percentages in the case of the vaccinated 
are artificially decreased by the fact that the category "vacci
nees " does not include : {1) infants dying during the very first 
days of life ; (2) some infants born prematurely, or in a weak 
condition, and not fit to be vaccinated . 

. The deaths of these infants affect the general infant-mortality 
rate and not that of the vaccinated, which is therefore decreased 
to that extent (248). · 

(During 1921-25, the mortality within the first four days 
alone amounted in France to 14.9 % of the deaths under 1 year, 
or 1.38 deaths per 100 births.) 

4: . The. death rates from tuberculosis co~puted in .the c~se 
of the vaccmated are misleading, for in view of the difficulties 
of clinical diagnosis and the absenc~ of post-mortem examina
tions, a. large number of deaths attributed to causes ot~e~ 
tha~. tuberculosis (athrepsia, broncho-pneumonia, congemta 
debthty, etc.) must m reality be due to that disease (248). 
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The chief criticis~s referri~g to the comparison of the 
l'ty of the vaccmated With. that of·the non-vaccinated Jllorta I . 

are as folloWS . . 

1 The 1926-~7 l?ortahty ra~es for the first year of life 
~g infants livmg m c~ntact With tuberculous persons have 

aJllO oly been compared With : wron., . 
· (a) The mortality rates of .unvac~inated infants living 

. a tuberculous environment, m a different country at a 
1~riod long past (1873-1889), seeing that infant mortality 
hom tuber~ulosis has decreased sin~e that date by nearly 
two-thirds m the country from WhiCh the statistics were 
drawn (Stuttgart); . 

(b) With the I tuberculosis mortality rates of unvac
cinated infants born of tuberculous mothers under the care 
of dispensaries (24 %). 
In the series under consideration, the disease in the mothers 

was sufficiently severe to cause 54 % of them to die in less than 
three years. 
. For the comparison to be valid, the vaccinated would 

also have had to be in contact with their tuberculous mothers 
and the disease would have had to be as severe in the latter 
as in the other group (299). 

Moreover, a part of the vaccinees belong to a higher social 
grade and so have normally a lower infant mortality rate than 
the unvaccinated infants of the class attending the dispensaries 
(248). 
· 2. Calmette's comparison of mortality rates for vaccinated 

infants with proportional rates of mortality from tuberculosis 
(Seine-Inferieure), especially with the proportional mortality 
in hospitals, cannot be justified, as it may lead to mistakes in 
interpretation. 
· The same applies to the mortality rates in hospitals, which 
are always higher than those of the general population (248). 

3. The comparison between the mortality from tuberculosis 
among the vaccinated and the unvaccinated is only allowable 
:Vhen the diagnoses have been made with the same accuracy 
m both groups (GoTZL, 108). 
. 4. (iRE~NWooo (113) points out certain errors of q~10tation 
In Calmette s paper as regards Weinberg's figures, whtch ref.er 
to the general death rate and not to mortality from tuberculosis, 
and, as regards those of ROEPKE which are based on 36 cases 
only, not 78. ' 

G Certain authors, KJER-PETERSEN and OsTENFELD (1~1), 
t REENWoon. (110, 113) and GOTZL (108), have drawn atte~t10n 
0 the low Infant mortality among the dispensary patients :t Cop~nhagen and Vienna (general mortality 7.7% an~ ? % 
espechvely, and tuberculosis mortality 4.9 % and· 3.4 Yo). 
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Indeed, the infant mortality' at Vienna is lower amo 
population attending dispensaries (7 %) than amon ng the 
population as a whole. These figures are a proof of the ~ the 
latic and educational efficacy of the dispenstlries. Th~s~Pt;;
quote thP..se figures incline naturally to the belief that the ~v o 
of the dispensaries and their influence on mortality must b ~hk 
same in France as in the towns mentioned above, and c~ e 
quently, that. the death r~te, even among the unva~cin~~:d 
infants of dxspensary patients, should. not be appreciabl 
higher than that of the general population. Y 

The survey of the records of observations collected b 
the Pasteur Institute (32) which we made personally in 1926 le~ 
us to concll!de, at. the time, that ~h~ ge.neral mortality 
among vaccmated mfants, whether h_vmg Ill contact with 
tuberculous pe~sons or not, ~as ~pprecxably lower than that 
of the general mfant populatiOn m France. An examination 
of the various statistics, since compiled by other authors in 
France and abroad, gives the same impression in spite of defects 
of some of these compilations. 

* * * 
·A different.set of facts has been used to tl1row doubt on the 

innocuousness of BCG. We refer to observations l"elative 
to vaccinated infants who have presumably contracted or 
died of tuberculosis. 

BAIGUE (18) reported to the Besan~on Medical Society 
3 deaths of vaccinated newborn babies from undetermined 
causes. The only post-mortem examination carried cut, 
however, proved the absence of tuberculosis. 

CHENARD AND FERRIER (74) reported a fatal case of supurat
ing adenitis in an infant vaccinated with BCG (Vitre) and the 
infection of her unvaccinated sister. This case was studied 
by LIGNIERES (188). It may be stated briefly as follows : 

Denise D., born• August 22nd, 1926, developed a swelling 
of the neck in March 1927, which became ulcerated: diarrhcea, 
temporary improvement and later an abscess on the buttock, 
cachexia, and deatl:\ on November 12th, 1927 (15 moi~ths). 

The pus in the sores contained an acid-fast bacillus, 
strepto- and staphylococci; the stools contained an acid-fast 
bacillus, termed " para-tuberculous " by the Pasteur 
Institute. 

The sister of the above, born on August 15th, 1927, unvac; 
cinated, d_eveloped at the age of 6 months, after 3 rnont~ll 
co~tactWith .the above, open adenitis with acid-fast ba?I 
which were Identical with the Koch bacillus, but W~ICb, 
a~cording .to Lignieres, behave like BCG inoculated gumea
pxgs, and are nothuman bacilli (no tuberculation, no passage). 
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The sanitary conditions were poor and the child 
not well cared for, but the parents and cattle on the farm 
were heal~hy · . . 
Lignieres mferred from ~his !hat a fatal mfection had been 

11 endered by the B~G, ":h~ch 'Yould thus seem to be 
e ~hogenic und~r sp~~Ial conditions m the case of particular! 
~!sceptible subJects . Y 

:Mmes. GmoD AND D~BARGE (107) describe the case of an 
. fant born prematurely m the Geneva Lying-in Hospital of a 111 ther suffering from closed lymph-gland tuberculosis 
mo Weight at birtl~, 2,2~0 g._; vaccination on 3rd, 5th and 

7th day per os; digestive disorders after separation from 
the mother on the 12th da¥ persisting ~n spite of treatment; 
on the 24th day feve~, diarrhrea, weight, 1,880 g. ; death 
on the following even~ng .. 

Post-mortem exammatwn : lungs normal ; no glandular 
enlargement ; small lenticular ulcers measuring from 2 to 
3 IDIII:· on the mucosa of t~e small intestine; other organs 
negative. . . . . 

Histolo~ICal ex~mmat~on of the va.rwus organs : negative 
like the Ztehl-stamed shdes, exceptmg a vertebra which 
showed acid-fast bacilli on the smears and in section. 

Nothing to suggest that the ulcers were tuberculous 
(no bacilli, no tubercles in the mucous membrane, no swelling 
of local glands). 
The author considers that the absence of any anatomical 

lesion shows that ingestion of the BCG does not provoke any 
tuberculous lesion even in a weakly infant. 

TAILLENS (284) reports the case of a vaccinated infant at 
Lausanne who died of tuberculous meningitis at the age of 
6 months. 

" Father suffering from pulmonary tuberculosis ; contact 
from time to time; three brothers and sisters died of 
' bronchitis ', ' broncho-pneumonia ' and meningitis at the 
ages of 13, 3 and 4 months respectively. 

"Fed at the breast until the age of 4% months. The 
child was normal until then. At 5 Yz months : cough, 
arrested development. At the hospital : intradermal reac
tion positive; shadow of the hilus clear, rising to the right 
apex; fever round ·about 33oc. Torpor, cyanosis, Kernig's 
Sign, lymphocytosis of cerebro-spinal fluid (200 lymphocytes 
per c.c.). · · . 

" No post-mortem examination. Clinical . diagnosis : 
.me_ningeal and pulmonary tuberculosis. " . 

. Tatllens is uncertain whether this should be co?s1dered a 
failure of the method or a case of BCG tuberculisation. 

Now, the vaccination was only carried ou~ ~n ~e 9th, 
11th, 13th and 15th days, that is, after the time-hmit latd down 
by Calmette, and the infant was not kept away from contact 
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with the father, which would appear to have been suflicie t 
produce fatal infection in the previous children. n to 

NoBECOUR'! (212, 213) s_aw in his clinic at .P~ris 10 infan 
vaccinated With BCG. Five showed a positive tubercul:ts 
reaction, 4 had '' tuberculous " lesions (3 cases of trach ln 
bronchial glandular enlargement, 2 being slight), 1 case e~ 
mediastinal reaction with cutaneous and osseous foci of tub 0 

culosis. This author wonders at what moment the infecti~r
took place -before c;~r after the 4th week ? He is quite prepare~ 
to believe that it was after. 

In hi~ opinion, these facts do . not prove the danger or 
inefficacy of BCG,_ but the necessr~ of preven~ing contact 
.with persons suffermg from tuberculosis by removmg the child 
at birth. 

* * * 

B. Subcutaneous Vaccination of Human 
Beings. 

We have already alluded to the ·subcutaneous vaccinations 
carried out by WEILL-HALLE and other authors with a view 
to extending the advantages of premunisation to non-tuberculous 
persons who have reached an age at which the permeability 
of the mucous membrane of the digestive tract is no longer 
SUfficient for the absorption Of Vaccine administered per OS. 

Certain Scandinavian workers have obtained significant 
results with this method. 

HEIMBECK (125) (document C.H.fBCG/6), noting the " havoc" 
which tuberculosis had been causing for some years among 
nurse probationers at the Ulleval Hospital at Oslo who began 
~eir service with a negative tuberculin reaction, vaccinat~d, 
In 1927, 44 newly .enrolled nurses who showed a negative 
Pirquet reaction; 12 nurses refused to be vaccinated. These 
44 nurses remained free from tuberculosis, while, of the 12 un
vaccinated, 4 developed active tuberculosis (2 pulmonary 
tuberculosis, 2 erythema nodosum). The number of cases of 
tuberculosis which had occurred during the previous years 
among the· nurses with a negative Pirquet reaction was as 
follow~ : 5/51 in ~924; 8/72 in 1925; 11/62 in 1926. . 
· This observation by Heimheck amounts to a real expenment. 
It should he noted that, after the first vaccination with hy~o
dermic BCG! all the nurses showed a positive tuberculin re:'-ctio~ 
and that this also occurred in 160 out of 163 adults vaccmate 4 outside the hospital, who were examined for allergy 2 ~0 
mon~hs after vaccination. Moreover, these positive reactiOns 
persisted (one for more than 20 months). 
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WJ>LLGP.EN (299) vaccinate~ 25 infants living in an infectious 
. nment at Gothenburg :WI~h dos~s ranging from 0.01 

en"U:5 mg. In o~der t9 avOid .Infection during the first d~· 
to O. t tht> patients m. hospital from 3 to 4 weeks aft ' 
be ~:tion. The infants were kept ~nder very careful obse~~ 
-vaC?1 witb repeated X-ray exammat10ns. No case of clinical 
-vabtlon,ulosis occurred. No death took place. 
tu ere 

PARI SOT ANJ? SALEU:R (196), at Nancy, carried out hyp~dermic 
-vaccinations With a smgle .dose of 0.01 mg. (400,000 bacilli) 
on 269 children of ages rangu~g f~om 1 to 16 years : 139 were in 

·tact, or in danger of commg mto contact, with tuberculous 
c~~sons ; 130 h.ad ~o direct co~ tact with ~berculous persons. 
P These vaccmations w~re _Preceded by 2 tuberculin tests, 
fnical and X-ray exammatwns. 

c 1 Local reactions were observed in 28 cases out of 269, especially 
at the beginning, when doses ~f 0.25 mg. were used : a few 
nodules. In 9 ca~es only (3 ,%}, these softeD:ed and burst 
outwards, after which they slowly healed of thmr own accord. 
No general symptom was observed, even among children living 
in contact with tuberculous persons and those previously 
-qaccinated per os. 

These investigators therefore arrive at the conclusion that 
the subcutaneous method is innocuous and consider it of great 
value in many cases where administration per os is impossible. 

We merely mention in passing the subcutaneous vaccinations 
carried out in colonial environment by GIRARD (106), LEGENDRE, 
MATHIS, RoussEAU (252), GROSFILLEZ (115), N. BERNARD (29), 
etc. 

6. TUBERCULIN REACTIONS OF V ACCINEES. 

Leaving entirely aside the question of the relationship 
between immunity to tuberculosis and tube.rculin allergy, we 
can briefly summarise the facts ascertained in regard to the 
latter in yaccinated animals. 

BoRREL, BoEz AND CouLON (38) proved that BCG w3:s 
capable ~f producing tuberculin, and, by comJ?arativ~ expen
ments With other bovine and human tuberculosis strams, they 
showed. that there was no parallelism between the tuberculin
producmg properties of these strains and their virulence . 

. BOQUET. AND NEGRE (36) showed that a single infection 
WJ.th 1 ~· of BCG was sufficient to produce a positive intrader
mal ~berculin reaction in a guinea-pig. In rabbi~ that ~ad 
~~en0g1Ven from 0.01 mg. to 0.001 mg. ofB~<?"· a.febnle reaction 
of 1 C. was observed .after intravenous InJection of 0.04 c.c. 

crude tuberculin. 
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CALMETTE AND GuERIN (58, p. 78) noted that cattle r 
-to tuberculin for a longer time after subcutaneous inocuiac~~d 
with BCG than after intravenous inoculation. · ation 

These workers consider that " sensitisation to tube . 
persists so long as the symbiosis of the tuberculosis b:~uhn 
continues with cellular elements which are not fixed by n~~lus 
but have become so ". ure 

In their opinion, the tuberculin reaction " reveals the ex· 
tence in the _organism of an active f!r ~atent, ne~ly constitu~~ 
or old-standmg focus of the symbiOSIS of a VIrulent or n 
virulent bacillus with some lymphatic, macrophage or gi~~t 
cell". 1 

CouLAUD (82) noted that rabbits inoculated intravenous! 
reacted rapidly to tuberculin, whereas when they only develope~ 
discrete lesions after the ingestion of BCG they did not react 
whatever the test dose might be. ' 

IMAMURA AND TAKAHASHI (136) noted. that allergy occurred 
in guinea-pigs vaccinated parenterally Wlth 0.01 mg. of BCG. 
The heavier the dose injected, the more intense was the allergy. 
It was found possible to obtain allergy in certain cas~s wi1;h 
killedBCG. 

KoRSHUN and his co-workers (145) observed a positive 
intradermal reaction in the case of guinea-pigs 1 month after 
inoculation with BCG. This reaction persisted for several 
months (more than 7), diminishing progressively. 

Bruno LANGE (173) obtained an allergic reaction by inoculat
ing guinea-pigs intravenously (100% of the cases and, per os, 
8 guinea-pigs out of 10). . 

On the other hand, he was unable to sensitise any one of 
18 of these animals killed with bacilli administered per os in 
doses up to 1 g. 

This investigator is of opinion that tuberculin sensitiveness 
and immunity are not necessarily connected. -

LIGNIERES (185) noted allergic reaction in the case of cattle 
premunised with subcutaneous doses of 50 to 100 mg.; af_ter 
3 or 4 months, the febrile reaction to the tuberculin injection 
may disappear, but the local reactions - among others, tile 
ophthalmic reaction - may persist. Later, until the 12th 
month, alternations of positive and negative reactions are 
recorded. This investigator considers that the protection onl1 
lasts as long as the allergy. 

The dose of 6 mg. of BCG produces variable resul~ as 
regar~s both al!ergy and immunity ; the 2 mg. dose g1ves 
negative r_esults m b"oth cases. According to Lignieres, 10 rng. 
of BCG given to newborn guinea-pigs per os in 4 doses _does 
not cause allergy in more than half the cases. From thiS he 
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that, when the reaction is negative, the BCG has not 
~~:n absorbed. 

NsLIS (211) not~d the appearance of positive tuberculin 
fon in guinea-pigs from 1 to 2 months after absorption 

reaco~ of 36 cg. of BCG. It lasted ~rom 6 to 10 months, 
per It was observed to appear earher and to last lonaer wh 

· gested doses of BCG were heavier. . "' en 
the w 

NoBEL (?1~) holds, ·with PIRQUET (229), L~NGER (174) 
nd the maJonty of the Ger:ffian workers, that 1mmunity is 

a ro ortionate to ~~e tuberc~lm all~rgy, an~ that premunition 
P ~sitates a positive allergte reaction; he Is of opinion that a 
;;ri~d re-infection of a vaccinated subject should cause allergy. 

SATAKE (255) has obtained variable tuberculin reactions 
after intro~uction of 1 to ~ I!lg. of BC9' throu~h the stomach 
of guinea-pigs. _He noted _Ie_sistauce to !noculatwns of virulent 
human bacillus m cases gtvmg a negative tuberculin reaction. 

UHLENHUTH (291-293) considers that the tuberculin reaction 
gives no indication of the degree of immunity conferred by a 
vaccine. Like. CALMETTE AN:O SEL'l:ER, he believes that calves 
possessi~g a h~gh degree of tmmumty ca~ reac~ negative!~ to 
tuberculin, whilst, on the other hand, gumea-p1gs premumsed 
with BCG, and showing a very strong allergic reaction, do !lOt 
resist virulent infection. 

DoLo (91) made similar observations in the case of animals 
injected with killed bacilli. 

In the case of infants vaccinated per os, WEILL-HALLE 
noted an appreciable difference between the number in a 
healthy environment and those in a tuberculous environment 
who reacted positively to tuberculin. 

His percentages month by month are as follows : 

Infected Healtl•y 
Months environment environment .,. "/o 

3 11.1 2.5 
6 16.6 4.1 
9 25.9 5.8 

12 26.6 7.6 
15 44 7.4 
18 . . 50 12.9 
24 60 28 

. ~ter hypodermic vaccination, however, the reaction is 
tnvanably positive. . . . 

We have seen that the Scandinavian investigators obta~ned 
~ear~y 100 %·positive tuberculin reactions in the case of subJects 
acctnated hypodermically. · 
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The foregoing proves that pare.nteral inoculation of :a 
in animals as well as i~ human be}ngs ca~ses sensitisation CG 
tuberculin after a certam lapse of time, which varies accord" to 
to the dose and the method of introduction. On the othng 
hand, the administration. of BCG per os only produces th~ 
hypersensitiveness in an Irregular manner. , IS 

In these circumstances, it was fairly natural for the majority 
of PIRQUET's follo'Y"ers to conclude that the. allergy of subjects 
vaccinated per os Is due to the non-absorptiOn of BCG by th 
intestinal mucous membrane, and hence t? regard this method 

.. of vaccination as prophylactically unreliable. 

CALMETTE replies to tnis argument by showing the absence 
of correlation between immunity and allergy (in the case of 
cattle) and the priority of the one to the other in the case of 
guinea-pigs. He points out, in particular, that the presence 
of a small number of bacilli in the organism may produce either 
no allergic reaction or a very delayed reaction. In Calmette's 
opinion, the tuberculin reaction, which is more frequent among 
vaccinees living in contact with tuberculous persons, is due to 
the fact that the virulent bacilli which they receive produce 
follicular lesions or tubercles which cause hypersensitiveness 
to tuberculin, although the immunity acquired prevents the 
tubercles from developing and causing general infection. 

Calmette, moreover, quotes his own earlier research work 
into the penetration of tuberculosis bacilli through the intestinal 
mucous membrane of young kids; that of RoHMER, BEHRING 
and EHRLICH into the penetrability of the mucosa by toxins, 
experiments which were recent!~ repeated and confirmed by 
RAMoN and- NATTAN-LARRIER. 

We ·do not claim in this repor.; to decide the Important 
question of immunity to tuberculosis and of tuberculin aller~
We would merely observe that, leaving theoretical discussion 
aside, penetration of BCG can be demonstrated by direct and 
indirect proofs. 

Among the former, we put the observation of slight and 
trans~ent P?lyglandular enlargement and mediastinal gland 
reaction which follows upon the administration of BCG per 08 

to newborn babies. This reaction was studied thorough!)' 
by SAYE (document C.H.jBCG/12,and also discussed by AscoLI 
0~ . 

These observations might with advantage be extend~d. 1n 
the future in order to throw light on the relations ex~sting 
bet~e~n. the 'cryptic bacillary impregnation and the hyper· 
sensitiveness to tuberculin. 



-125-

d tection of glandular hyp_ertr?phy a~1d of the presence 
The e the post-mortem exammat10n of mfants vaccinated 

of BCG ~ have died from intercurrent causes (64) is also a 
per os r onetration. . . . 
proof o .P~ aside tuberculin reactions when positive in a 

LeaVID vironment, we shall rank as merely indirect proof 
healthY en conditions observed in animals, and in particular 
the same lar hypertrophy, which can be easily felt in vivo 
the glandue abdominal wall in a guinea-pig premunised per os. 
throuf. tht proof of a different kind, but of still greater signi-

In 1r~c furnished by the acquired resistance displayed by 
fica~ce, lS accinated per os, as shown by certain statistics in 
su~JeC~l v morbidity and mortality from tuberculosis is parti
which1 

1
1ew in spite of unfavourable sanitary conditions and an 

cularY 0 . t 
infectious environmen . 
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