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As shown in the preceding paper, it is possible to obtain submerged, diffuse 
growth of strains of BCG, by cultivating them for 8 days at 37°C. in a liquid 
medium containing the wetting agent Tween 80 and the soluble fraction of 
heated human serum. A high percentage of the organisms present in these 
cultures can survive prolonged periods of storage at ice box and incubator 
temperatures (1). 

The present paper deals with the antigenic response of guinea pigs to the 
injection of cultures grown under these conditions and stored at 4°C. for 
periods as long as 6 weeks. 

EXPERIMENTAL 

The culture media, the bacteriological techniques, and the strain of BCG used in the 
present study have been described in the preceding paper (1). 

The guinea pigs were female, smooth haired albino animals of the Rockefeller Institute 
stock. They came from a colony selected by Dr. M. W. Chase (2) on the basis of high suscep- 
tibility to sensitization with 2:4 dinitrochlorobenzene. The animals were pen-inbred, only 
the bucks being selected for susceptibility to sensitization. 1 The stock has been rendered and 
maintained free of carriers of group C streptococci by skin testing. 

Throughout the experiment, the guinea pigs were kept in the same room, which was con- 
stantly irradiated with a General Electric germicidal lamp (2537 X wave length). They were 
housed in groups of two or three per cage and were fed a diet of hay, oats, and cabbage. 

At the beginning of the study, on March 9, 1949, they were tested for sensitivity to tuber- 
culin by the intracutaneous injection of 0.005 rag. of PPD (Sharp & Dohme). None of them 
gave a positive reaction. 

Effect of Dose of BCG on the Development of Tuberculin Allergy.--The pur- 
pose of the following experiment was to determine the minimal number of 
units of BCG capable of rendering guinea pigs allergic to tuberculin. 

* On a Rockefeller Foundation Travelling Fellowship granted by the National Health and 
Medical Research Council of Australia. 

$Present address: Department of Microbiology, The John Curtin School of Medical 
Research, Australian National University. Care of the Walter and Eliza Hall Institute, 
Melbourne, Australia. 

1 We are informed by Dr. M. W. Chase that thsee animals, although uniform with reference 
to their susceptibility to sensitization with 2:4 dinitrochlorobenzene, are heterogeneous in 
their response to sensitization to tuderculin. 
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270 ANTIGENICITY OF BCG 

Guinea pigs weighing approximately 300 gin. were injected subcutaneously (in the groin) 
or intracutaneously with various dilutions in 0.1 per cent albumin of a culture of BCG grown 
in the liquid medium containing Tween 80 and the soluble fraction of heated human serum. 

The number of viable units in the culture was determined by plating serial dilutions of 

TABLE I 

Effect of Injection of Different Doses of Living BCG on the Production of Tuberculin Allergy in 
Guinea Pigs 

Tuberculin test 

No, of viable 
units of BCG 

injected 

400,000 

Route of injection 

Subcutaneous 

Material used 

Old tuberculin 

4,000 

40 

" 0 . 4 "  

(dilution 
1/1000) 

, ,  [¢ ¢' 

I, IO0,O00 

11 

"1  " 

Intracutaneous PPD 0.0005 mg. 

PPD 0.005 mg. 

Time 
interval 
between 
inlection 

of BCG and 
tuberculin 

test 

5 

R e s u l t  a t  48 hrs. 

Diameter of Remarks 
erythema 

ram. X ~ m .  

17 X 15 Cocarde 
12 X 12 Necrotic 

center 
12 X 10 

13 X 12 Cocarde 
15 X 12 Necrotic 

center 
10 X 10 " " 

15 X 10 " " 
10 X 8 

0 
0 

17 X 15 Cocarde 
14 X 14 Necrotic 

center 

11 X 9 " " 
8 X  8 

0 
0 

it on oleic acid-bovine albumin agar (3, 4). Five to 6 weeks later, the animals were tested for 
sensitivity to tuberculin by the injection of either old tuberculin or PPD (Sharp & Dohme) 
(Table I). 

I t  is apparent from the results presented in Table I that guinea pigs can be 
sensitized to tuberculin by the injection--either subcutaneous or intracutane- 
ous---of less than 100 viable BCG units. Moreover the tuberculin reactions 



FRANK YENNER AND RENE J. DUBOS 271 

elicited by the injection of either O.T. or P P D  6 weeks after vaccination were 

approximately of the same intensi ty  with all doses of vaccine except with those 

containing very few viable units. 
Local Lesions Produced by BCG.--As will be pointed out in a later section of 

this report (see Table IV), the intracutaneous injection of 0.05 cc. of BCG 

cultures grown in the Tween-serum filtrate medium resulted in lesions larger 
than those produced by the intracutaneous injection of 0.05 cc. of a BCG vac- 

cine prepared by the standard technique (5). An experiment was inst i tuted to 

test whether this difference was due to a greater intrinsic virulence of the former 

TABLE II 
Lesions Arising in Guinea Pigs Following the Intracutaneous Injection of Various Doses of Living BCG 

No. of viable 
units per cc. Guinea 

Substrain of BCG* of undiluted pig No. 
subculture 

Culture carried for 2 
years in Tween-al- 
bumin medium 

First transfer from 
sample of standard 
BCG vaccine 

i 
' 25 X 106 

11 X 10 6 

2-07 

38-46 

2-07 

38-46 

Lesion arising at sites of injection of various doses of BCG cultur4 

~Jn- 
d i l u t ed  

gtlgt$. 

10~ 
Ulcer 

10 
Ulcer 

9 
Ulcer 

9 
Ulcer 

101 10-~ l l0-a 10-4 

m m .  m m .  m m .  r a m .  

7 4 2 Tiny nodule 

6 

Ulcer 

6 3 3 

5 4 3 
Ulcer 

10-5 

m m .  

Tiny nodule 

2 (erythema 
only) 

10-8 

m m .  

* Both substrains subcultured in Tween-serum filtrate medium; the numbers of viable units 
reported here are within the range of errors of the enumeration technique as used in this experiment. 

Diameter in millimeters of the red nodule at the infection site 7 days after injection; examina- 
tion for ulcers made 14 days after injection. 

cultures, or to the fact that  they contained more viable organisms than the 
standard vaccine. 

The two substrains of BCG (i.e. the one carried for 2 years in our laboratory in Tween- 
bovine albumin medium, and one supplied for this particular experiment in the form of a 
sample of standard vaccine by Dr. Aronson) were inoculated into the liquid medium con- 
mining Tween and human serum filtrate. After 8 days' incubation at 37°C., 0.05 cc. of serial 
tenfold dilutions of each subculture was inoculated intracutaneously into two guinea pigs, 
one series of dilutions on either side. The sizes of the resulting lesions, observed 1 week and 
2 weeks after inoculation, are recorded in Table IL 

The results presented in Table I I  show that  the culture of the BCG strain 
mainta ined for 2 years in the Tween-bovine a lbumin medium and the culture 
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recovered  f rom a new sample  of s t andard  B C G  vaccine ,  p roduced  lesions of 

ind is t inguishable  seve r i ty  w h e n  comparab le  d i lu t ions  of growths  in Tween-  

se rum-f i l t ra te  m e d i u m  were  in jec ted  i n t r acu t aneous ly  in to  no rma l  guinea 

pigs. 

Antigenic Respome of Guinea Pigs to Vaccination with Various Preparations 
of BCG.--The fol lowing expe r imen t  was designed to de t e rmine  the  effect of 

s torage  a t  4°C. on the  an t igen ic  efficacy in guinea  pigs of cul tures  of B C G  

which  had  grown diffusely in a l iquid  m e d i u m  conta in ing  T w e e n  80 and  a fil- 

t r a t e  of hea t ed  h u m a n  serum.  A B C G  vacc ine  p repa red  b y  the  conven t iona l  

t echnique ,  and  used wi th in  48 hours  a f te r  i ts  p repara t ion ,  se rved  as a s t andard  

of reference3 

Half the guinea pigs used in this experiment were 4 to 5 months old and had weights of the 
order of 500 gm. at the beginning of the experiment; the others were 2½ to 3 months old and 
weighed approximately 300 gm. Equal numbers of animals of the two age groups were as- 
signed by random selection to each of the experimental groups. Vaccination with the bac- 
terial suspensions (or uninoculated medium in the control animals) was administered on 
March 15, 1949. I t  consisted of two simultaneous intracutaneous inoculations, one over each 
shoulder, each of 0.05 cc. of the standard vaccine, or undiluted culture, or uninoculated 
medium. 

A tuberculin test was made on April 26, 6 weeks after vaccination, 0.0005 mg. tuberculin 
PPD (Sharp and Dohme) being used for the vaccinated animals and 0.005 rag. for the con- 
trois. 

The challenge infection was carried out on May 6th by injecting subcutaneously over the 
sternum 0.1 cc. of an undiluted culture in Tween-bovine albumin medium, of virulent human 
tubercle bacilli of the Amerzanga strain; s the inoculum contained 13 million viable bacterial 
units (single cell or small clumps). Some of the guinea pigs which had received the BCG 
vaccines were kept uninfected to serve as controls on the virulence of the vaccines. 

At weekly intervals from the beginning of the experiment, all animals were weighed on a 
spring balance, weights being read to the nearest 5 gm. They were inspected at the same time 
to detect the occurrence and measure the extent of the local skin lesions produced by the 
injections of BCG and, later, of virulent tubercle bacilli. The size of the axillary and inguinal 
lymph nodes was also estimated by palpation. Necropsies were performed as soon as possible 
after death on all animals that died during the course of the experiment, and sections of the 
liver, spleen, and lungs were made and stained with hematoxylin and eosin, and by the Ziehl- 
Neelsen technique. The experiment was concluded on July 15, approximately 10 weeks after 
infection with the virulent tubercle bacilli. Ten of the sixteen unvaccinated animals had 
already died, and the survivors of all groups were killed with chloroform and necropsied 
during the next 4 days. Sections were made of lesions not obviously tuberculous, as well as 
of the lungs, liver, and spleen of all animals that had received only BCG vaccine (groups IB 
and l iB).  

The details of the subdivision of guinea pigs into several groups are shown in Table III, 
and some of the results of the vaccination and challenge infection in Table IV. 

s This sample of standard vaccine, prepared at the Henry Phipps Institute in Philadelphia, 
was kindly supplied by Dr. J. Aronson. I t  was injected into the animals immediately upon 
receipt, the day after it had been issued from the Henry Phipps Institute. 

3 This strain was kindly supplied by Dr. J. Aronson. 
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Thir teen animals died between commencement of the experiment on March 3 

and its completion on July 14. Ten  of these were non-immunized infected ani- 
mals (group V), and they all died of tuberculosis, as did No. 3-55 of group IA 

TABLE III 

Protocol of Experiment on Vaccination of Guinea Pigs with Different Preparations of BCG 

Group 

IA 

IB 

IIA 

HB 

III  

IV 

V 16 

BCGinjectionMar. 15-16, 1949 

Strain 

Standard 
vaccine 

Culture 
Tween- 
heated 
serum fil- 
trate 

History of vaccine 

Used within 48 
hrs. of pre- 
paration of 
vaccine 

ir Grown for 8 
days. No fur- 
ther treat- 
ment. No 
storage 

Grown for 8 
days. Culture 
stored for 3 
wks. at 4°C. 

Grown for 8 
days. Culture 
stored for 6 
wks. at 4°C. 

Sterile Tween-serum filtrate 

'iable units 
in dose 

injected 

13 X 103 

12 X 105 

13 X 10 ~ 

3.5 X lOCi 

Tuberculin test 
Apr. 26, 1949 

0.0005 mg. PPD 

0.005 mg. PPD 

Challenge 
infection 

May 6, 1949 

13 X 10 6 
bacilli* 

Sterile 
medium 

13 X 10 ~ 
bacilli 

Sterile 
mediumi 

13 X 10 4 
bacilli 

13 X 104 
bacilli 

13 X 10 t 
bacilli 

Survivors 
sacrificed on 

7/15/1949 

7/14/1949 

7/18/1949 

7/14/1949 

7/19/1949 

7/19/1949 

7/14/1949 

* Culture of human strain "Amerzanga" grown for 8 days in Tween-bovine albumin medium. 

which had received the standard vaccine. The other two fatal cases, No. 3-04 

of group IA and No. 3-79 of group IV,  died 31 and 40 days after challenge 
inoculation. The only microscopic evidence of generalized tuberculosis in No. 
3-04 was enlargement of the axillary lymph nodes, which on histological ex- 
aminat ion showed tubercles and early caseation. Sections of the other organs 
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TABLE IV 

Response of Guinea Pig to Vaccination with BCG and to Infection with Virulent Human Tubercle 
Bacilli 

No.* Weight:~ 

lq CG 1, sic rs 

Di- Ulcer- 
ame- ation 

ter on on 

Necropsy findings 

Spleen* . pve A Lung______.~s Lymph._.__ n?des[[ 

Size Lesions§ E~rge- Lesions§ ns, I bronehial i lar,s. I I ,osio . , I'-xil 

Guinea pig group IA* 

] 
3-55 6/30 1 - -  65 X 2~ Many necrotic ,p,p.pMany[ necrotic Many + + - P C  C 

2-39 500-5801 50 X 22 " large .P IFew large Few ,P.P,PC " 
" " - -  [ " small " 2-64 550-6701 45 × 21 + 

3-73 430-690 t 40 x 1~ Few small - 0 0 ; " 
3-05 615-715] 40 X 15 Many large -- ]Few small 0 

Few " " 4 - [  . . . .  Few 3-03 590-700[ 36 X 17 

3-54 330-565, i 3 5 X 2 C  . . . .  " I . . . .  "P--Pq_~'P " " small I " " " small .p.p " 2-47 375-610[ 35 X 15 . . . . .  I 0 
3-14 595-750[ 35 X 14 -- " 
2-30 560-685 / 33 X 17 " large -- /Few small " " 
3-56 275-550/ 33 X 15 " " " " " " 
2-36 340-605 32 X 15 0 - 0 0 
3-59 330-555 32 X 13 Few large -- 0 Few 0 " 
2-28¶ 335-590 30 X 15 " small -- /Few small ,p " 
3-04 Dead 32 X 13 0 - / 0 0 " 

6/6 / 
Guinea pig group IB* 

89 60 , o e  

2-32 570-710 2 3 0 1 3 3 4  X 16 " " 3-06 540-725 2 34 X 11 " " 
3-94 330-675 3 30 X 13 " " 
3-64 325-625 1 30 X " " 
3-32 440-600 3 3 0 X  12 . . . .  
2-73 255-560 1 30 X 11 " " 
2-70 600-700 2 X 10 " " 

* Animals arranged in order of decreasing spleen aze. 
:~ The two figures given under "Weight" refer to the weight of the animal at the beginning of the 

experiment (just before vaccination with BCG) and at the end. 
§ The data presented in this table refer only to macroscopic findings. The expression "few" lesions 

indicates that less than 10 isolated lesions were seen on macroscopic examination. "Many" lesions 
indicates more than 10. 

11 C = caseafion. Only evidence of macroscopic caseation was recorded. 
¶ Non-specific death. 
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TABLE I V - - C o n t i n u e d  

W e i g h t s  No.* Di- U1- 

teror cera- ame- tion 
Oil 

3/23 3 / 3 0  

N e c r o p s y  f i n d i n g s  

Size 

S p l e e n *  

Lesions§ 
E n -  

l a r g e -  
ment 

L i v e r  

Lesions§ 

Lungs Lymph nodes l [  

L e -  T r a e h e o -  A x i l -  
s i ons§  b r o n c h i a l  l a r y  

Guinea pig group IIA* 

3-90 

3-18 

2-56 
3-08 

2-35 

3 -68 
3-67 
3 -20 
3-09 
3-66 

3-17 
3-10 
3-62 
3-12 

2-48 
3-57 
3-71 

STti. ' ~ m  

375-465 12 

610-565 " 

520-560 " 

570-460 " 

665-6301 " 

355-6151 " 

360-5701 " 
480-7001 " 
600-705 [ " 
325-570 [ " 

555-680 [ 14 
620-675 [ 10 
310-5801 12 
530-5951 " 

260-505 [ 10 
270-525 ] " 
320-590 [ " 

t '~m. 

+ 57 X 2) Semiconfluent 

+ 45 X 24 " 

+ 45 X 2~ Many large 
+ 45 X 22 Confluent " 

+ 45 X 22 Many " 

- -  43 X 15 Few 
+ 40 X 22 " 
+ 37 X 1~ 0 
+ 35 X 15 Few small 
+ 35 X 1~ " " 

+ 34 X 1~ 0 
+ 34 X 1~ Few small 
+ 34 X I1 " " 

+ 33 X 1¢ Manylarge 

32 X 13 Few " 

32 X 13 " small 
+ 3 0 X  15 0 

+ 

+ 

+ 

+ +  

+ 

D 

-4- 

Many 
large 

Many 
small 

Few small 
" large 
necrotic 

Many 
small 

~ cg 

0 
Few small 

" large 
necrotic 

Few 
0 
0 

Many 
small 

0 
Few small 

Many 

Few 

0 

Many 

Few 
at 

~g 

0 
Few 

0 , 
0 

0 

F e w :  

Many! 
0 : 

+ + +  

+ I 

+ 

+++C 

+ + +  
+ + +  

+ 
+ 

-4- 
+ 
-4- 

+ +  

+ + +  
+ +  

+ 

C 

~c 

3-70 
2-50 
3-49 
3-97 
2-44 
4-OO 
2-43 
3-48 

360-665 [ 12 
455-6551 " 
580-725 ] " 
320-635 [ " 
330-5451 " 

330-6051 " 

550-7651 15 
580-6501 12 

] + 35 X 151 
+ 33 X 15] i 

+ 33 X 15] 
+ 33 X 131 
+ 32 X 14[ 
+ 32 X 121 
+ 31 X 14] 
+ 128 X 13t 

Guinea pig grou ) I IB* 

None 

~c 

~c 

~c 

m 

N 

m 

None 

cc 

c~ 

None 
~c 

c~ 
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TABLE I V - - C o n t i n u e d  

No.* Weight~; 

BCG I 
lesions 

Di- = 

3/23 ~ g 

Spleen* 

Necropsy findings 

Size Lesions 
g~ 

Liver 

Lesions§ 

Lungs 

Le- 

Lymph nodes 

Tracheo. iAaXriyl - 
bronchial 

Guinea pig group III* 

2-52 

3-28 
3-16 

2-26 
2-41 
2-49 
3-77 
2 -42 

3-75 
3-46 

3-29 
2-38 
3-22 
3-74 
3-13 
3-72 
2-31 

gm • ram, 

600-535 [ 14 
i 

I 

s85-66o [lO 
680-625 " 

330 X 5601 8 
595 X 670] 10 
230 X 465] 8 

300-560 10 
260-520 6 

300-480 8 
490-635 10 

650-675 " 
640-670 12 
520-590 14 
370-625 10 
560-625 12 
325-565 10 
265-470 " 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+~ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

mm. 

54 X 24 Semiconfluentlarge 

54 X 22 Manylarge 
50 X 25[ Semiconfluent 

large 
i5 X 211 Few large 
i5 X 201 Many " 
~5 X 18l Few necrotic 
~2 X 201 Many large 
39 X 22[ Confluent 

37 X 22l Few large 
37 X 171 . . . .  

35 X 141 Many small 
35 X 121 " " 

33 X 171 " " 
33 X 13[ " " 

30 X 12] " " 

27 X 13[ " " 
35 X 17[ " large 

- t  

t 

+ 

+ 

+ 

Many 
large 
necrotic 

0 
Many 

small 
Few " 

" large 

necrotic 
Few small 
Many 

small 

0 
0 

Few small 

0 
Few small 

Many 

Few 
Many 

F e w  

Many 

Few 
0 

Few 
0 

Few 
0 

Many 

++++C 

+ + +  

+ + + + C  

++++ 
++ 
+++ 
++ 

++++ 

+++C 
+++ 

+ +  
+ 
q- 

+ +  
+ 
-4- 

+++C 

C 
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TABLE I V - - C o n t l n u e d  
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No.* Weights 

BCG 
lesions 

Di- U1- 
a m e -  cera- 
teroni tion 

o n  3/23 3/30 

Necropsy findings 

Size 

Spleen* ~ Liver 

1 

Lesions 

Guinea pig group IV* 

Lesionsl 

Lungs 

Le- 
sions§ 

Lymph nodes 

Traebeo- A~dl- 
bronchial lary 

3-91 

3-39 
3-92 

3-81 
3-85 
3 -33 

2-29 
3-78 
2-33 
2-46 
2-57 
3-26 
3-52 
3-80 
3-86 
3-31 
3-79¶ 

g t n .  

350-4051 

sso-sosl 
340-5351 

285--4901 
210-5301 
575--6451 10 

595-6351 " 
305-6051 " 

555-6501 " 

640-7901 " 

555-670] " 

675-700] " 

475-8001 " 

335-640 i 6 
270--635 6 
645-665 10 
Dead 8 

6/15 

8 + 74 X 301 

t0 + 58 X 251 
8 + 55 X 25! 

i 
" "F  5 0  X 25i 

" + 43 X 18, 
+ 4 0 X 1 5  

+ 38 X 18 
+ 37 X 16 
+ 35 X 20 
+ 35 X 17 
+ 35 X 15 
+ 35 X 15 
+ 35 X 13 
+ 33 X 15 
+ 32 X 14 
+ 3 0 X  15 
+ 30 X 12 

I 

Semiconfluent 
necrotic 

Confluent 
large 

~c ~c 

Many large 

gC lC 

Few small 

" large 
0 

Few small 
l c  ~C 

~c gC 

++ 

++ 

+ 
+ 
+ 

Many 
large 
necrotic 

Few small 

Many " 

Many 
small 

Few small 
0 

Few small 
0 

Few small 
0 
0 
0 
0 

Few small 
0 

C 
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TABLE IV--Concluded 

No.* Weights 

Size 

Necropsy findings 

Spleen* Liver 

Lesions 
En- 
large- Lesions§ 
merit 

Lungs 

Lesions§ 

Lymph nodes 

Tracheo- Axil. 
bronchial lary 

Guinea pig group V* 

3 - 8 8  

3-96 

3-82 

3-35 

3-50 

3-34 
3-43 

3-89 

2-61 
3-83 

2 -34 

2-27 
3-36 
3-84 
3-93 

340 

Dead 7/13 

" 7/4 

305-590 

Dead 7/8 

" 7/14 

550-630 
530-60O 

Dead6/9 

" 6/27 
" 6/22 

680-750 

365-550 
Dead 6/25 

" 6/14 
300-610 

Dead 7/14 

90 ,n;. 28 

75 X 25 

73 X 34 

55 X 24 

53 X 30 

53 × 30 
53 X 25 

50 X 27] 

50 X 24 
50 X 20 

~7 X 25 

i7 X 24 
~5 X 21 
i5 X 19 
~3 X 23 

4 0 X  20 

Many necrotic 

Semiconfluent 
necrotic 

Confluent 
necrotic 

Many necrotic 

Semiconfluent 
necrotic 

Semiconfluent 
Many small 

Semiconfluent 
necrotic 

Many necrotic 

Semiconfluent 
necrotic 

Many necrotic 

Semiconfluent 
necrotic 

Few small 

I 

+ + i  

+ + +  

+ + +  

+ + +  

+ + +  

+ +  
+ +  

+ + +  

+ + +  
+ + +  

+ +  

+ +  
+ + +  

+ 
+ + +  

+ + +  

Semiconfluent 
necrotic 

Confluent 
necrotic 
~¢ a t  

Semiconfluent 
necrotic 

Many small 

Semiconfluent 
necrotic 

Many necrotic 
Semiconfluent 

necrotic 
Many necrotic 

Many small 
" necrotic 

Few ¢' 
Many 

Semiconfluent 
necrotic 

Many + + + C  

u l 4 -  

" + + +  

" + + C  

" + + + C  

" + + + + C  
j Semi- + + +  

c o n -  

fluent 
Many + + C 

" + + + C  
" + + + C  

,, + + +  

,, [ + + +  

" ] + + +  
Few + + + C  

Many + + +  

Semi-con. I + + + C  

fluent 
I 

C 

¢¢ 

C~ 

¢¢ 

failed to reveal  any  abnormal i ty .  This  animal  may  have died as a result  of in- 
jury,  for the peri toneal  sac contained a considerable quan t i ty  of bloody fluid. 
The  axil lary and inguinal lymph nodes of No.  3-79 were enlarged and caseous, 
and  there were a few necrotic foci in the spleen bu t  no other  macroscopic or 
microscopic evidence of generalized tuberculosis. The  cause of dea th  was not  
determined.  
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The results of the various procedures carried out in the course of the experi- 
ment can be briefly summarized as fol lows:-  

In all animals which had received the standard BCG vaccine (groups IA and 
IB) the slight local ulcer observed at the site of vaccination had healed by 
March 23, 1 week after the injection of the vaccine. At this time there were 
left only small hard red lumps between 3 and 5 mm. in diameter. These per- 
sisted until April 6 and all had completely disappeared by April 20. All animals 
which had received the fresh BCG culture grown in Tween-serum filtrate 
medium (groups IIA and IIB) exhibited lesions exceeding 10 mm. in diameter 
and reaching up to 15 mm. The lesions were in general slightly smaller in ani- 
mals vaccinated with the culture stored for 3 or 6 weeks (groups I I I  and IV). 
All animals of groups IIA, IIB, III,  and IV (i.e. those receiving the Tween 
cultures fresh or stored) exhibited on March 30 an ulcer which was found to be 
healed on April 13 (in only one animal of group IIB did the ulcer remain open 
until April 20). I t  is clear therefore that the local lesions developing from the 
intracutaneous injection of BCG were considerably larger, and persisted much 
longer, in the animals receiving the cultures grown in the medium containing 
Tween and filtrate of heated serum than in the animals receiving the standard 
vaccine. I t  may be inferred from the results of the experiment described earlier 
in this paper, in which two guinea pigs were inoculated with various doses of 
subcultures, in the same fluid medium, of the two substrains of BCG that this 
difference was due principally to the larger number of viable organisms in the 
Tween-serum filtrate cultures. 

All vaccinated animals exhibited intense tuberculin allergy when tested on 
April 26; while the control animals (group V) failed to react to a 0.005 mg. 
PPD. The severity of the tuberculin reaction was almost identical in all vac- 
cinated groups, whether it was measured in terms of the average diameter of the 
erythematous area (varying from 10 X 12 mm. to 20 X 20 mm.), or by the 
proportion of animals which showed the "cocarde" or triple response, consisting 
of a livid center, an inner white zone, and an outer erythematous area. 

A large mass, at first hard but later becoming fluctuant, developed at the 
site of the challenge infection in all animals. Ulceration of this abscess occurred 
much earlier in the vaccinated than in the non-vaccinated animals (Table V); 
amongst the vaccinated guinea pigs those of group IV, which had received the 
BCG culture stored for 6 weeks in the refrigerator, developed ulcers somewhat 
later than those of the other groups. 

The response of the guinea pigs to inoculation with virulent tubercle bacilli is 
given in Table IV. The animals within each group are tabulated in order of 
decreasing spleen size as this was considered the most objective single index 
of the intensity of the infection. At the conclusion of the experiment all the 
unvaccinated animals had either died of tuberculosis or showed severe tuber- 
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culous lesions of the liver, spleen, and lungs. All animals which had received 
BCG but no challenge infection were gaining weight and in none of them were 
tuberculous lesions found by macroscopic or microscopic examination. Among 
the vaccinated animals the only death from tuberculosis occurred in group IA, ~ 
which had received the standard vaccine, but many other animals of this group 
appeared to be less severely diseased than animals of the other vaccinated 
groups. I t  is obvious that the severity of the disease varied so much from one 
animal to the other within each group and that there was so much overlapping 
from one vaccinated group to the other, that the differences observed had no 
significance. I t  is of particular interest to point out that no significant difference 
could be detected between the animals of groups IIA, I I I ,  and IV. In each 
group there were two or three guinea pigs that were losing weight and that had 
extensive lesions of the spleen and lungs, and moderately severe lesions of the 

TABLE V 

Date of Ulceration of the Abscess Produced at the Site of Injection (on May 6th) of Virulent 
Tubercle Bacilli 

No. of animals showing ulceration of subcutaneous abscesses for the first time 
Group. of on the followlng dates: 

Lea pigs 
5/11 No ulcer- 

ation 

IA 
IIA 
III 
IV 
V 

No. of 
animals 

I 16 
17 
16 
17 

I 16 

s/is s/2s 

5 1 
10 3 
9 4 
2 6 
1 3 

6/1 

2 
0 
2 
4 
6 

6/8 

1 
0 
0 
0 
2 

6/15 6/22 

2 0 
0 I 

6/29 7/6 7/13 

0 0 1 
1 0 0 

liver. The balance of the animals in each group showed lesions of varied but 
minor severity, some exhibiting only three or four nodules in a spleen of normal 
size with no macroscopic lesions in the other internal organs. 

DISCUSSION 

Some of the findings described in the present paper provide information 
concerning the lack of pathogenicity of the BCG cultures grown in the medium 
containing Tween and the soluble fraction of heated human serum. I t  is true 
that the intracutaneous injection of 0.05 cc. of culture grown in Tween-serum 

4 It is worth noting that guinea pig 3-55 of group IA which died of tuberculosis had a neg- 
ligible reaction at the site of injection of BCG (see table IV). Nevertheless this animal reacted 
strongly to the tuberculin test, the tuberculin reaction measuring 12 X 10 mm. and exhib- 
iting a white center. 
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filtrate medium resulted in the appearance of local lesions more severe than 
those produced by 0.05 cc. of standard vaccine. In order to evaluate the signifi- 
cance of this difference however, it must be kept in mind that the numbers of 
viable bacterial units (determined by plate counts) were much greater in the 
Tween culture (approximately 107 per cc.) than in the standard vaccine (10 ~ 
per cc.). When the two BCG substrains were cultured in the same medium it 
was found that the intracutaneous injection into normal guinea pigs of doses 
containing similar numbers of viable units, produced lesions indistinguishable 
in size and severity. This finding strongly suggests that the bacterial cells which 
had grown diffusely in Tween-serum filtrate medium had retained the same 
intrinsic degree of "attenuation" as those present in the vaccine prepared by 
the standard technique. I t  illustrates furthermore the fallacy of expressing in 
terms of units of volume or weight the doses of a living vaccinating agent in the 
absence of knowledge of its viability or physiological activity. 

Although many more living organisms (approximately 100 times as many) 
were present in the Tween-serum filtrate cultures than in the standard vaccine, 
and although the former preparations produced larger lesions than the latter 
at the site of the intracutaneous injection, the intensity of tuberculin sensitiza- 
tion induced was essentially the same in the four groups of animals vaccinated 
with the four different preparations mentioned in Table III. Here again, ex- 
periments carried out with known numbers of viable bacterial units provide a 
clue for the analysis of these findings. The data presented in Table I reveal 
that a definite degree of sensitization could be achieved by the injection of 
doses of BCG culture containing fewer than 100 viable bacterial units. More- 
over the intensity of the sensitivity to tuberculin, measured 6 weeks after vac- 
cination, reached an apparent maximum with a vaccinating dose containing 
4000 viable units; even an increase many hundredfold in the number of viable 
units injected for vaccination failed to bring about a detectable increase in the 
intensity of the sensitivity to tuberculin. I t  is clear therefore that the design of 
the experiment outlined in Table I I I  did not permit a comparison of the efficacy 
of the different preparations used as vaccines, since the numbers of viable units 
in all these preparations were far greater than the minimal number required 
for inducing the maximum level of tuberculin allergy detectable by the tech- 
nique employed. 

I t  is generally accepted that vaccination with BCG results in a definite degree 
of multiplication of the bacilli in viro and it is probably for this reason that the 
degree of tuberculin allergy was relatively independent of the vaccinating dose 
in the experiment under consideration. Freund has established that amounts of 
heat-killed tubercle bacilli of the order of 0.1 to 0.003 mg. resuspended in min- 
eral oil are required in order to induce an appreciable degree of tuberculin 
allergy in guinea pigs; the same dose of heat-killed bacilli in aqueous media 
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would fail to sensitize (6). 5 The amount of bacillary material represented by 
these weights is many millions of times larger than the weight of living cells of 
BCG (in aqueous media) which was found adequate to produce maximal 
sensitization in the present experiment. I t  appears almost certain, therefore, 
that the degrees of allergy recorded in the present paper could not be attributed 
to the mass of bacillary material present in the vaccinating dose but reflect 
rather an extensive multiplication of the bacilli in vivo. 

One may assume also that the protection against infection induced in the 
guinea pigs of groups IA, IIA, III ,  and IV (Table IV) was the outcome of the 
multiplication of the vaccinating inoculum in vivo. No statistically significant 
difference could be recognized in the degrees of resistance exhibited by the 
different groups of vaccinated animals. All had caseous lesions at the site of 
inoculation (although the ulcer healed rapidly in some of them), and all had 
enlarged axillary lymph nodes which were usually caseous. In all groups a few 
guinea pigs exhibited severe tuberculous lesions of the liver, spleen, and lungs 
while the lesions in most other individuals were confined to a few large nodules 
in the spleen and small foci in the lungs and liver. Each group also contained 
some animals in which the only macroscopic lesions of the internal organs were 
a few foci in the spleen, which itself was not enlarged. 

I t  must be emphasized, however, that differences in the resistance to infection 
may have existed but could not be brought out under the conditions of the ex- 
periment. Indeed, the technique used in the challenge infection test (sub- 
cutaneous infection) was not adequate for the measurement and analysis of 
resistance to infection as it did not lend itself to a clear differentiation between 
allergy and antibacterial immunity. The allergic reaction elicited by the intro- 
duction of the virulent bacilli probably caused a walling off, or even a shedding, 
of a significant percentage of the infective inoculum thereby decreasing the 
effective challenge dose. I t  is possible, indeed likely, that marked differences in 
the degree of resistance to infection in the four groups of vaccinated animals 
could have been brought about by changing certain of the possible variables in 
the experiment :--the amount of vaccine used, the size of the challenge dose, 
the time elapsed between vaccination and challenge infection, the route of 
infection, etc. 

The experimental results described in this and the preceding paper do not 
allow therefore a comparison of the antigenic efficacy--either as sensitizing or 
as immunizing agents--of the four different BCG preparations used for vac- 
cination. They permit one only to state that the culture grown in the Tween- 
serum filtrate medium compares well qualitatively with the vaccines prepared 
by the conventional technique and from the quantitative point of view, may 
even present definite advantages over the latter. The content in viable cells of 

5 Dr. Freund informs us that a limited, but definite degree of tuberculin allergy can be 
induced in some guinea pigs by amounts of heat-killed bacilli of the order of 0.001 mg. and 
even one-tenth this amount resuspended in oil. 
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the Tween-serum filtrate culture is extremely high as shown by colony counts 
and by the ability of minute amounts of culture to sensitize guinea pigs to 
tuberculin. Moreover, the number of viable cells is predictable and remains 
remarkably constant even after prolonged periods of incubation or of storage. 
This stability should greatly facilitate the planning of vaccination experiments 
and the analysi s of their results. 

Other minor advantages of the dispersed cultures deserve perhaps some brief 
mention, namely the rapidity with which they can be obtained, the fact that 
they require for their preparation only standard bacteriological techniques, the 
elimination of the transfer operations and of the necessity of grinding the bac- 
terial growth before distribution of the final product, their stability in the very 
medium in which they are grown, which allows ample time for the performance 
of the control tests required of biological products. Nevertheless, it is obvious 
that the technique of cultivation of BCG described in these reports should be 
regarded at present only as experimental procedure; it constitutes merely a 
demonstration that, by adequate cultural methods, one can obtain suspensions 
of BCG organisms exhibiting stable physiological and antigenic activity. 

SUMMARY 

Groups of guinea pigs were vaccinated by the intracutaneous route with 
cultures of BCG grown in a liquid medium containing Tween 80 and the soluble 
fraction of heated human serum. After the cultures had been stored at 4°C. for 
various periods of time, the antigenic response was compared with that of 
another group of guinea pigs receiving standard BCG vaccine prepared by the 
conventional technique. 

The local lesions occurring at the site of injection of cultures in Tween-serum 
filtrate medium were more severe than those produced by the standard vaccine. 
It was shown that this difference was probably due to the much larger number 
of viable bacilli in the former preparations. A marked degree of sensitization 
could be produced with culture dilutions containing as few as 10 viable units 
(single bacilli or small clumps). Slightly larger doses of BCG led to the highest 
degree of tuberculin allergy detectable by the technique employed. Further in- 
creases in the dose of vaccine failed to alter the level of sensibility when the 
animals were tested with tuberculin 5 weeks after vaccination. 

The same degree of sensitization was achieved by vaccination with 0.1 cc. of 
either the standard vaccine or any of the fresh or stored cultures in Tween- 
serum filtrate medium. It was shown that these doses contained numbers of 
living bacilli far greater than the minimal number required to induce maximal 
sensitization. 

Under the conditions used, the guinea pigs vaccinated with cultures of 
BCG (fresh or stored) grown in the Tween-serum filtrate medium exhibited a 
marked degree of resistance to subcutaneous infection with virulent tubercle 
bacilli. 
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