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... Many workers who have attempted to immunize labora
tory animals against virulent tubercle bacillus infection by 
vaccination with B.C.G. have found no evidence of protec
tion. Others have succeeded to some degree, but in no case 
has this protection been very marked; usually it has been 
evident only when minimal reinfective doses were used. We 
cannot attempt to give even a sketchy summary of the great 
volume of literature on this topic, but shall refer only to 
certain publications which we consider as having direct 
bearing on the experiments reported here. Complete sum
maries are included in the reviews mentioned in the previous 
paper 1. 2. 3, 4, Ii and 6. 

The majority ' of the experiments to be reported are 
concerned with the vaccination of new-born guinea pigs by 
the administration of B.C.G. cultures by mouth. Calmette, 
Negre and Boquet 7 and Tzeknowitzer 8 obtained a slight 
degree of protection when guinea pigs were given B.C.G. by 
mouth and later infected with virulent bacilli by the same 
route. The last named found no protection when the sub
sequent infection was given suhcutaneously. Lange and 
Lydtin 9 found that the skin lesions caused by intradermal 
infection were more accelerated and less necrotic in animals 
vaccinated with B.C.G. by mouth than in control animals. 
King and Park 10 and Birkhaug 11 obtained no protection 
when peroral vaccination was followed by subcutaneous 
infection. Petroff and Steenken 12 had similar negative 
results with inhalation infection following peroral vaccina
tion. . 

• Th is study was made possible through a grant-in·aid from the Department of Health, 
under� the former Commission er of H ealth, Dr. Fernes , San Juan. Puerto Rico. 
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The literature on parenteral vaccination is much more 
extensive. Among ' th e best controlled and most extensive 
experiments on guinea pigs are those of Okell and Parish la, ' 

L'etroff and Steenken I " and Birkhaug II. Okell and Parisn 
round that a few of the vaccinated pigs were completely 
protected and that the mean survival times of the vaecmated ' 
animals were significantly greater than those of the controls. 
'i' hey obtained nest results rrom intravenous vaccination fol
lowed by conjunctival infection with a vel'y small dose or: 
virulent bacilli, thus confirming the original experiments or 
Caluiette, Boquet and Negre I~. Petroff and Steenken found 
the mean survival tunes of their vaccinated animals to be 
somewhat longer than those of the controls (differences 01 
approximately twice their standard deviation according to 
our calculations from their figures). They obtained equal 
01' greater protection in animals vaccinated with killed cul
tures of human tubercle bacilli, and definitely greater 
protection with a Irving attenuated human strain. Follcw
ing the theory that allergy is detrimental to immunity and 
should be allowed to . diminish, Birkhaug allowed longer 
intervals (17-19 weeks) to elap se between vaccination and 
infection. A l ew of his vaccinated animals survived and the 
mean survival times of his vaccinated groups were con
siderably greater than those of the controls. 'I'he magni
tudes of th e differenc es appeal' to be great enough to be 
defini tely significant. 

There is general agreem ent that the parenteral introdue
tionof B.C.U. produces sensitivity to tuberculin in a large 
proportion of guinea pigs inoculated. There is less agree
ment as to the results 0 r peroral vaccination. Petroff and 
Steenken I ~ and King and Park 10 produced no sensitivity 
hy feeding large doses or H.C.G. Lange and Lydtin Il , as 
previ ously mentioned, obtained accelerated lesions on the 
intradermal inoculation of virulent bacilli into guinea pigs 
vaccinated hv mouth. .Jenscn, Moerch and Oerskov 1 (; were 
able to produce sensitivity to tuberculin in 73 per cent of 
new-horn g uinea pigs hv feeding H.C.n. Birkhaug L III 

similar expe r iments produced sensit ivity in 40 pel' cent of 
new-born guinea pigs. 
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Experilmental: 
The strain of B.O.G. and the methods of its culture and preparation have 

been described in the previous paper. The II 37 strain used for reinfection 
was kindly sent to us by Doctor Aronson of the Henry Phipps Institute, 
Philadelphia. It was cultured on glycerine-egg medium and transferred to 
glycerine-broth to obtain material for inoculation. The suspensions were pre 
pared in the same manner as the E.O.G. suspensions. 

Peroral vaccination of new-bom guinea pigs: 

. Pregnant females were removed from the breeding cages to smaller cages 
containing 3 to 6 pregnant animals. These cages were inspected daily. When 
new-born pigs were present the mothers and young were removed. 

The young in each litter were divided into two groups. One group was 
vaccinated; the other left as controls. One-half of the mothers and the vac
cinated young were placed in a separate cage; the remainder of the mothers 
and the unvaccinated young in another cage. The supply of new-born pigs 
WIlS limited and for each experiment the young were allowed to accumulate 
over a. period of days. This resulted, within experiments, in some variation in 
the intervals between vaccination and infection. The feeding of the B.O.G 
WIlS done by means of pipettes. Emulsions .containing 100 mgm. per cc, were 
used. The emulsion was thorougWy shaken and then 1 ec, was taken in the 
pipette and 0.25 cc. amounts placed in the mouths of the young pigs which 
were held by an assistant. Only occasionally was any emulsion spilled or 
regurgitated. Daily feedings were given until the required amounts were admin
istered. The animals suffered no apparent ill effects: the weight curves com
pared favorably with those of the controls and t.he death rates previous to 
infection were, in most eases, as small or smaller than those of the control 
groups. The vaccinated animals were kept separated from the control group 
during the vaccination and for one week afterwards. They were then all 
placed in the same cage. This usually coincided with the time of weaning 
when the mothers were returned to the breeding cages. The experiments were 
thus designed so that as far as possible, the only variable factor would be that 
of vaccination. 

Parenteral vaccination.: 

Older guinea. pigs of from 200 to 400 grams in weight were used for 
parenteral vaccination. In all eases an equal number of non-vaccinated control 
pigs of the same weight and age were placed in the same cage at the time 
of vaccination and later infected at the same time as the vaccinated pigs. 

Tuberculin Tests: 

All of the older animals used in the parenteral vaccination experiments 
were tested for tuberculin sensitivity prior to vaccination. In most (but not 
all) experiments all the animals were tested at intervals between vaccination 
and infection. The tests consisted of the intradermal injection of 0.1 ec, of 
a 1 in 20 dilution of Old 'I'uberculin (Mulford). 

Rem!ection.: 

Infection by mouth was done in the same manner as vaccination by mouth. 
The intradermal inoculations were made in the usual manner with tuberculin 
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syringes and 26 gauge needles. Emulsions were made so that the required 
doses would be contained in 0.25 cc, for oral administration and 0.1 cc. for 
intradermal inoculation. In both types of infection vaccinated and control 
pigs were infected alternately so as to eliminate inequalities which might arise 
from uneven suspensions or the settling of bacilli in the syringes. Daily ob
servation and measurements were made of the lesions resulting from intradermal 
inoculataon. 

Evidences of Allergy following Vaccinativn.-All guinea 
pigs which were inoculated parenterally'" with B.C.G. de
veloped sensitivity to the amount of tuberculin used in 1 to 
2 weeks. In those animals which were vaccinated intrader
mally and infected intradermally a marked acceleration or 
skin lesions occurred. 

Our data on the development of allergy after peroral vac
cination are incomplete, but the following observations were 
made: No sensitivity was produced in new-born guinea pigs 
hy the dosages used (45, 75, and 150 mgm.) in less than 49 
days j 150 mgm. produced sensitivity in' 2 of 15 animals in 
this time. Followirrg vaccination with 75 mgm., sensitivity 
appeared first in 57 days; at 66 to 71 days 5 of 11 animals 
tested reacted positively; from 75 to 94 days 11 of 18 ani
mals were sensitive. Evidence of allergy in the acceleration 
of skin lesions produced by intradermal injection of H 37 
was never obtained with 45 mgm. but the longest period al
lowed was 23 days. Nine of twelve animals infected intra
derinally from 75 to 85 days following vaccination with 150 
mgm. showed accelerated skin lesions. Three adult guinea 
pigs weighing 400 grams, which were vaccinated with 150 
mgm, of B.C.G. by mouth gave no tuberculin reaction in 29 
days but 2 of 3 reacted positively in 35 days. This sug
gests that adult guinea pigs became allergic more rapidly 
than new-born pigs. Tn these experiments the duration of 
the sensitive state could not he determined since infection 
with H 37 was superimposed, hnt two new-born pigs vacci
nated with 75 mgm. reacted in 132, and 177 days hut failed 
to react 267 days following vaccination. 

Measurement of protection against vinllent infection af
forded by 'vaccitnatiom with B.O.G.-As in all long continued 

• These iucluded .. eonsidernble number of unirnals which were not Included III the 
tables and which were vaccinated subcutaneouely and intraperito!!eally. 
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experiments upon guinea pigs, intercurrent infection greatly 
increased the difficulties in the interpretation of results, 
These difficulties were further enhanced, in these experi
ments.. by the occurrences or one minor and one major hur
ricane, both of which caused tile deaths of many animals 
from exposure. The results or thos« experiments which could 
be completed in spite of these hindrances are summarized in 
the Tables I, II, III, and IV. 

The factors stressed in interpreting the results were: 
(1) the mean survival times in each group; (2) the per
centage of animals in each group with no macroscopic or 
microscopic tuberculosis. When animals were killed at the 
end of the experiment the interval 1'1'0111 day of infection to 
day of killing was considered to be the survival time. Since 
most survivors were vaccinated animals, this tended to dis
criminate against the vaccination but was not frequent 
enough to make a very great difference. It seems likely that 
the end result of intercurrent infection would also be to con
ceal any possible beneficial results of vaccination by prevent
ing the longer life of the vaccinated. 'I'he percentage of 
animals with no tuberculosis would seem to be the most im
portant criterion in these experiments. This would intro
duce an error if a disproportionate number of animals in any 
one group tended to he killed by intercurrent infection very 
early after infection before the tuberculous disease had a 
chance to develop. This, however, was not the case. . The 
animals tabulated as showing no tuberculosis or lessvthan 
4 + tuberculosis in many cases were the longest survivors 
and the others died at times when animals from the control 
groups were dying with extensive tuberculosis. . 

The percentage of animals with no tuberculosis and the 
mean survival times have been treated statistically to de
termine the importance which might he attached 'to the dif
ferences. • 

Analysis of results-For calculating the standard devia
tions of the differences in the percentages of animals free 
from tuberculosis, the following 'formula was ' used': ' i . 

I .. Professor E. B . Phelps of the Delamar Institute of Public H ealth, kindly 'suggested 
the met bods to be used and supervised th.· jr npplicntinn . 
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S.d.· 'OOVp"cl"{*.,+*) 
where:� "1\". "l\umber of~inQted animals 

lle = llumber of control animals 

ct_Dumber ofygmMW keg fu,m tIx: + nlODbex- ofC!l!11rn1s f!oc: 
• I • "11" + TIe p- -9 

TIe standard deviatons of"the di1b-ences bet~en the mean 
BurVival1imes were determmed as follows : 

S.d.--V~+ ~ 
where: 

N - Total number 

n., . Number of vaccinated 

TIc Number of controls 

cS'. - Oifference between mean days slll'VNo1 cftoto) 
vacci\'\ated animQI'O and davs SUJ'VIYQ.I ri' 
animal (x). 

The survival times of all animals in each group were first 
charted as decimals of the means. Th e distribution :was 
found to approximate a: normal curve. Experiments suffi
ciently alike were combined to render stat is tical analysis 
more suitable. 

Experiments 7 amd 12: These experiments differed some
what in that the interval hetw een vaccination and infection 
was shorter and the infecting dose somewhat greater..in 7 
than in 12. Likewise none of the animals in Experiment 7 
showed any evidences of allergy previou s to infection -while 
more than 50 per cent of those in 12 r eacted to tuberculin 
before infection. There was some evidence of protection in 
both groups but this was manifested in different ways. The 
difference between survival times wa s greater in Experiment 
7, but differences in amount of tuberculosis were present only 
in Experiment 12. Since we have postulated, .the latterdif
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f'erences to be of greater importance we interpret Experi
ment 12 as showing som ewhat g reate r evidence of protection. 
In spite of these differ ences th e experiments were considered 
to he sufficiently alike to combine for statistical analysis. 
The ratio of the difference of' mean survival times to its 
standard deviation is Ui. 'l'h e odds against the result being 
due to chance are th erefore 8 to 1. 'I'he ratio of the'dif
ference between percentages of animals free from tubercu
lous disease to its standard devia tion is 1.5, making the odds 
against this difference being due to chance about 6V2 to l. 

E xperiment« 14 omd. 15: The interval betw een vaccina
tion and reinfection was shorter and the infective dos e greater 
in Experiment 1 5 than in J!jxperiment 14, but th e results in 
the two experiments are essentially alike. The ratio of the 
difference in mean survival tim es in the combined exper i
ments to its standard deviation is 1.97. 'I'h e odd s against 
this difference being du e to chance are 20 to 1. 'I'he ratio 
of the difference between th e percentages of animals with no 
tuberculosis to its sta ndard deviation is 2.65 making th e odds 
against chance causation of this difference 106 to 1. 

Experiment» 3 lund 4: 'I'he infecting dose was larger in 
I~~xperiment 4 and thi s was reflected in a shor ter average 
survival time in the contr ols of this group. In each of these 
experiments the mean survival tim e of the vaccinated group 
was less than that of th e cont rol group. This difference, in 
the combined experiments, was not as great as its standard 
deviation. The vaccination in th ese exper iments had no de
monstrable effect. (Table II.) 

Experiment» 6' and 7: The intervals hetween vaccination 
and infection were approximately the same. The amount 
of B.C.G. given was larger in Flxperiment 7. The mean sur
vival time was greater in th e cont r ol gr oup than in th e va c
cinated group. T'he ratio of th e differ ence to its standard 
deviation is 1.4. 'I'he odds against chance causing this dif
ference are 5 to 1. There were no differences in tubercu
losis. There is a very slight indication that vaccination 
shortened the survival tim es of the vaccinated animals. 

. Experimeou« 9 and. 10: The expe r iments were practically 
identical in set-up. The mean survival times were equal in 
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VACCINATION BY MOUTH : INFECTION INTRADERMALLY 
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TABLE III 

VACCINATION INTRADERMALLY: INFECTION INTRADERMALLY 
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vaccinated and control groups. The ratio of the difference 
between the percentages of animals with no tuberculosis to 
its standard deviation is 3.89. The odd s against the r esult 
being due to chance are 10,000 to 1. I n Experiment 10 all of 
the vaccinated animals had very little tuberculosis as com
pared with th e controls. In sp ite or th e lack of difference 
in survival tim es, whi ch was probably du e to intercurrent in
fection, th e very definite difference in the extent of tuber
culosis is good evidence of an immunizing effect of the vac
cination. (Table III.) 

The experiment does not include sufficient numbers to 
permit conclusions from slight differences. There is very 
little or no indication that vac cination had any effect. This 
experiment is not st rictly comparable with those of Table 
III because the amount of H.C.G. given was less and th e in
fective dose of H 37 (judging by the mean survival time of 
the contro ls ) was g-reater. ('I'able IV.) 

DISCUSSION 

The conditions of th e exper iments are too varied to jus
tify conclusions r eg-arding any other factor than that of va c
cination itself. Th er e is quite de finite evidence that 150 
mgm. of B. C.G. hy mouth will give some protecti on against 
subsequent H 37 infection by mouth. Still mor e definite is 
th e evidence that intradermal vaccination with B.C.G. will 
give some protection against intradermal infection with H 37. 
Th ere is sufficient similar ity between Experiments 6 and 13 
on th e one hand and 14 and' 1.5 on th e oth er t o suggest that 
vaccination by mouth provides better protecti on ag-ainst in
fection hy mouth than it does against intradermal infection. 
Intradermal vac cination gives decidedly more protection 
again st intradermal infection than does or al vaccination hu t 
it is impossible to determine from th ese expe r 'i ments to what 
ext ent this differ ence might he 'due to an immunization of 
the portal of entry, or 'mer ely to' th e fa ct that peroral vac
cination is' gene rally less effective than intradermal. Ex
periment 11 suggests that intraderma l va ccinati on is less ef
fective in protectin g against pero ral infection than is per 
or al vaccination hut th e expe r iment is limited an d not strictly . . 
comparable with those of Table I . . 
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We have already referred to the indications in the lit
erature that peroral vaccination provides better protection 
against peroral infection than it does against parenteral in
fection. Ornstein and Steinbach 16 found some evidence that 
intracutaneous inununization (with R 1) provided better pro
tection against subsequent intracutaneous infection (H 305) 
than it did against subcutaneous infection. 

'Our data are not sufficiently extensive to draw conclu
sions regarding the relationship of allergy to protection. No 
relationship was evident in these experiments. The groups 
having the greatest degree of protection (Exps. 9, 10) also 
contained the greatest percentage of animals sensitive to tu
berculin before infection or showing accelerated skin lesions 
on intradermal reinfection. On the other hand Experiments 
11 and 13 containing almost as great a percentage of allergic 
animals showed no evidence of protection. 

SUMMARY 

An allergic state, manifested by the reaction to the in
tradermal injection of tuberculin or by an accelerated skin 
lesion following the intradermal injection of virulent tuber
cle bacilli, was produced regularly in guinea pigs by the 
parenteral introduction of B.C.q.. Following the peroral ad
ministration of large doses of B.C.G. (75 and 150 mgm.) to 
new-born guinea pigs evidences of allergy were obtained in 
from 50 to 70 days; 75 per cent of the animals so treated 
were allergic after the latter period. The only two animals : 
followed for sufficiently long periods remained sensitive for 
177 days, but failed to react after 267 days. In a limited 
experiment, evidence was obtained that adult guinea pigs be
come allergic more rapidly following similar doses of B.C.G. 
by mouth than do new-born pigs. 

The peroral vaccination of new-born guinea pigs with 
B.C.G. produced very slight but definite evidence of protec�
tion against peroral infection with H 37. Intradermal vacci�
nation resulted in somewhat more marked protection against� 
intradermal infection. There was some indication that vac�
cination by mouth gives better protection against peroral in�
fection than it does against intradermal infection.� 
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