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Further Studies  Pertaining to a B. per tuss is  
Factor Inhibiting the Tubercul in  React ion 

I t  has  been shown earlier t h a t  per tuss is  vaccine in- 
h ibi ts  marked ly  the  tubercul in  reac t ion  in 13CG-sensitized 
guinea-pigs 1. In jec t ion  of the  vaccine shor t ly  before the  
tubercul in  challenge reduced  the  reac t ion  in t ens i ty  by  
60-70%.  

In  these  exper imen t s  whole per tuss is  vaccine was used, 
name ly  a commercia l  p repa ra t ion  (pure Borde t -Gengou  
vaccine) d i s t r ibu ted  by  the  Schweizerisches Serum- und  
I m p f i n s t i t u t  Bern  for h u m a n  use. I t  con ta ined  approxi -  
ma te ly  40.109 cells/ml. 

The work recorded here was di rec ted  towards  a fu r the r  
charac te r iza t ion  of the  an t i - i n f l ammato ry  B .  p e r t u s s i s  

factor.  
M e t h o d s .  The tubercul in  react ions  were elicited in 

guinea-pigs of bo th  sexes weighing 250-500 g. They  had  
been sensi t ized in a h ind- foo t  pad  wi th  l iving lyophyl ized 
BCG vaccine (BCG sec Berna).  The sensit izing dose con- 
sisted of abou t  0.2.  IO s cells in 0,1 ml  80% Freu n d ' s  
comple te  ad juvan t .  The chal lenging dose (750 IU  tuber -  
culin, Albumosefreies  Tuberkul in  Berna) was in jec ted  in 
0.1 ml saline into the  depi la ted  skin of b o t h  flanks. The 
ensuing react ion was eva lua ted  af ter  8 and 24 h b y  meas-  
ur ing the  skin th ickness  over  the  react ion centre  as pre-  
viously  described2,~. For  each animal  the  mean  value of 
the  bi la teral  react ions was tabu la ted .  

The commercia l  per tussis  vaccine used con ta ined  as 
conse rvan t s  0.01~o mer th io la te  (sodium e thy lmercur i th io-  
salicylate) and 0.072% formaldehyde .  I t s  f i l t ra te  is desig- 
n a t e d  as f i l t rate  A. In  the  exper imen t s  5, 6, 7 and 8, 
unde r t aken  to t e s t  the  enzyme sens i t iv i ty  of the  act ive 
factor ,  a vaccine p repa ra t ion  w i thou t  mer th io la te  and 
formaldehyde ,  bu t  otherwise identical ,  was uti l ized 4. The 
contro l  groups in the  exper imen t s  1-4 received 0.1 mg/ml  
mer th io la te  and 0.72 mg/ml  fo rma ldehyde  in saline, the  
controls  in the  exper imen t s  5 8 received saline w i thou t  
these  agents.  

To tes t  its effect  on the  tubercul in  react ion,  the  per- 
tussis  vaccine was adminis te red  twice;  namely ,  the  first  
dose 30 min before and the  second dose 8 h af ter  the  
tubercul in  injection.  All the  vaccine inject ions  were per- 

formed in t raPer i toneal ly .  The exper imenta l  groups  con- 
sisted of 6 or more  guinea-pigs,  excep t  in e x p e r i m e n t  6 
where  4 an imals  per  group were used. The average  % 
increase in skin th ickness  for each expe r imen ta l  group 
was t abu l a t ed  and re la ted to the  respect ive  cont ro l  group.  

M e t h o d i c a l  d e t a i l s  (see Tables).  E x p e r i m e n t  1: Firs t ,  i t  
was inves t iga ted  if the  act ive fac tor  was cell b o u n d  or also 
p resen t  in the  suspending  medium.  For  th is  purpose ,  t he  
vaccine was cent r i fuged a t  23,000 g a t  4 ~ for 7 min. The 
s u p e r n a t a n t  was f i l tered th rough  a mill ipore fi l ter  wi th  
0.22 =4- 0.02 /z pore  size. Gram s ta in ing  of the  f i l t ra te  r e -  
v e a l e d  the  comple te  absence of ceils. For  group 3, t he  
sediment ,  consis t ing of the  B .  p e r t u s s i s  cells, was  resus-  
pended  in saline. E x p e r i m e n t  2: Fo r  groups  7 and  8, 
cen t r i fuga t ion  and resuspens ion  was repea ted  twice (sedi- 
m e n t  II) and  three  t imes  (sediment  III) .  E x p e r i m e n t  3: 
The cell-free f i l t ra te  A, ob ta ined  by  f i l t ra t ion t h r o u g h  the  
millipore filter, was hea t ed  as indica ted  in Table  I. 
E x p e r i m e n t  4 : 3 0  ml a l iquots  of the  f i l t ra te  A were  dia- 
lysed twice for 8 h against  6 1 0.9% NaC1. E x p e r i m e n t  5: 
Probes  of f i l t ra te  B and of saline for the  contro l  groups  
were incuba ted  wi th  papa in  (Difco, N F VI I I )  or t r y p s in  
(Difco, 1:250) for 1 h a t  concen t ra t ions  of 1 mg/ml .  The 
al iquots  were exposed to papa in  a t  52~ and  p H  6.5, to 
t ryps in  a t  40 ~ and  p H  8. E x p e r i m e n t  6: Probes  of fil- 
t r a t e  B and  of saline for the  contro l  groups  were incu- 
ba ted  wi th  deoxyr ibonuclease  (Fluka) or r ibonuclease  
(Fluka) for 1 h a t  concen t ra t ions  of 1 mg/ml.  The a l iquots  
were exposed  to deoxyr ibonuclease  a t  37 ~ and  p H  6.5 
wi th  0 .01M MgC12 and to r ibonuclease at  37~ and  p H  
7.5. E x p e r i m e n t  7: To f i l t ra te  B and  to saline, 1 mg /ml  
of lysozyme (Fluka, f rom eggs, 17,000 U/mg) was added  
wi th  subsequen t  exposi t ion for I h a t  37 ~ E x p e r i m e n t  8 : 
To f i l t ra te  B and to saline, 1 mg/ml  hya lu ron idase  (Fluka, 
f rom bovine  testes,  lyophylized) was added  and  exposed  
for 1 h at 37 ~ 

I G.L. FLOERSHEIM, Int. Archs Allergy appl. Immun. 26, 340 (1965). 
2 G. L. FLOERSHEIM, Helv. physiol, pharmac. Acta 22, 92 (1964). 
3 G. L. FLOERSHEIM, Z. naturw, med. Grundlagenforsch. 2, 307 

(1965). 
4 By courtesy of the Schweizerisehes Serum- und hnpfinstitut, Bern. 

Table I. Effect of filtration, heat and dialysis on the anti-inflammatory activity of B .  per tuss is  vaccine 

Experi- Group Weeks Treatment (i.p.) % increase in skin 
ment after thickness (4- SD) 

sensitization 
8h 24h 

Relative difference 
to controls b (%) 

8 h 24h 

1 1 6 
2 6 
3 6 
4 6 

2 5 7 
6 7 
7 7 
8 7 

3 9 9 
10 9 
11 9 
12 9 

4 13 11 
14 11 
15 11 

Controls, 0.2 ml/100 g saline 24 4- 9 
Vaccine, 0.2 ml/100 gc 16 • 6 
Sediment I, 0.2 m1[100 ga 19 ~ 9 
Filtrate A, 0.2 ml]100 g 9 4- 9 

Controls, 0.2 ml/100 g saline 43 4- 6 
Sediment I, 0.2 m1[100 ga 17 -t- 9 
Sediment II, 0.2 ml/100 ga 27 4- 10 
Sediment III, 0.2 ml[100 ga 25 4- 13 

Controls, 0.2 ml/100 g saline 27 4- 15 
Filtrate A, 0.2 ml/100 g 6 -E 5 
Filtrate A, 0.2 ml[100 g, 30 rain at 75 ~ 11 i 10 
Filtrate A, 0.2 m1[100 g, 30 min at 90 ~ 5 4- 7 

Controls, 0.2 ml/100 g saline 21 4- 6 
Filtrate A, 0.2 ml/100 g 4 4- 6 
Filtrate A, 0.2 ml/100 g, dialysed 7 • 7 

574- 9 
40 4- 9 -- 33 - -  29 

37 4- 22 --21 - - 3 5  

40 :~ 12 - -  62 - -  37 

89 =k 11 
50 ~ 16 - -  60 - -  4d 

61:~ 6 - - 3 8  - - 3 1  

56 4- 12 - -  41 - - 3 7  

49 4- 12 
294-10 - -  78 - - d O  

25 :}: 14 - -  61 - -  50 

184-t= 7 - - 8 1  - - 6 3  

364- 11 
18~  7 - - 8 8  - - 5 O  

224- 8 - - 6 7  - - 3 9  
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Table II. Effect of enzymes on the anti-inflammatory activity of B .  p e r t u s s i s  vaccine 

EXPERIENTIA XXII/4 

Experi- Group 
ment  

Weeks Treatment  (i.p.) % increase in skin Relative difference 
after thicknes s (4- S D) a to controls b ( % ) 
sensitization 

8 h  24h  8 h  24h  

5 16 3 
17 3 
18 3 
19 3 
20 3 
21 3 
22 3 

61 23 4 
24 4 

25 4 

26 4 
27 4 

28 4 

7 ~ 29 4 
30 4 

8 t 31 4 

32 4 
33 4 

Controls, 0.4 ml/100 g saline 47 i 7 84 • 11 
Controls, saline + papain, 0.4 ml/100 g 39 • 16 75 • 31 -- 17 e -- 11 
Controls, saline + trypsin, 0.4 ml/100 g 53 • 20 91 4- 23 + 14 e + 9 
Filtrate A, 0.4 n11/100 g 20 4- 17 48 4- 20 - -  58  e - -  d 3  

Filtrate B, 0.4 ml/100 g 18 i 15 63 q- 23 - -  50  e - -  2 5  

Filtrate B + papain, 0.4 ml/100 g 28 :~ 12 45 4- 24 - -  z/Of - -  d 7  

Filtrate B + trypsin, 0.4 ml/100 g 13 4- 5 38 • 17 - -  71g - -  5 4  

Controls, 0.4 ml/100 g saline 49 4- 14 95 4- 15 
Controls, saline + deoxyribonuelease, 53 4- 11 99 • 20 + 8 h + 4 
0.4 ml/100 g 
Controls, saline + ribonuelease, 42 4- 17 95 4- 21 -- 14 h 0 
0.4 ml/100 g 
Filtrate B, 0.4 ml/100 g 19 • 12 76 4- 22 - -  61 h -- 20 
Filtrate B + deoxyribonuclease, 18 4- 12 76 4- 33 - -  631 -- 20 
0.4 ml/100 g 
Filtrate 13 + ribonuelease, 0.4 ml/100 g 21 4- 11 72 4- 21 - -  5 7  k -- 24 

Controls, saline + lysozyme, 0.4 ml/100 g 34 4- 19 85 4- 25 
Filtrate B + lysozyme, 0.4 ml/100 g 22 4- 12 58 4- 22 - -  35  - -  3 2  

Controls, saline + hyaluronidase, 74 4- 20 122 4- 27 
0.4 ml/100 g 
Filtrate B, 0.4 ml/100 g 50 4- 11 96 4- 21 -- 32 -- 21 
Filtrate B + hyaluronidase, 0.4 ml/100 g 49 4- 18 97 4- 20 - -  3,1 -- 21 

Tables I and II. a SD = standard deviation, b Reaction of controls considered as 100%. ~ Containing approximately 8 �9 109 cells/0.2 ml. 
a Resuspended in saline, approximately 8 �9 109 cells/0.2 ml. o Relative difference to control group 16. ~ Relative difference to control group 
17. * Relative difference to control group 18. ~ Relative difference to control group 25. i Relative difference to control group 24. k Relative 
difference to control group 25. 1 The guinea-pigs in the experiments 6, 7 and 8 were treated only once 30 min before the tuberculin injec- 
tion. Entries in italics relate to da ta  with p < 0.05. 

R e s u l t s .  T h e y  a r e  p r e s e n t e d  in  T a b l e s  I a n d  I I .  T h e  
w h o l e  v a c c i n e ,  t h e  f i l t r a t e  a n d  t h e  r e s u s p e n d e d  cell  sed i -  
m e n t  we re  e q u a l l y  a c t i v e  a n d  r e d u c e d  t h e  s k i n  t h i c k n e s s  
a f t e r  24 h b y  a b o u t  3 0 %  ( e x p e r i m e n t  1). R e p e a t e d  w a s h -  
i n g s  of  t h e  s e d i m e n t  l ed  o n l y  to  a neg l i g i b l e  loss  of  a c t i v i t y  
( g r o u p s  7 a n d  8). H e a t i n g  o f  t h e  f i l t r a t e  to  75 a n d  90 ~ 
( g r o u p s  11 a n d  12) d i d  n o t  d e s t r o y  i t s  a c t i v i t y .  F u r t h e r -  
m o r e ,  t h e  p r o p e r t y  o f  t h e  f i l t r a t e  to  i n h i b i t  t h e  t u b e r c u l i n  
r e a c t i o n  w a s  n o t  a l t e r e d  b y  d i a l y s i s  ( g r o u p  15). T h e  a c t i v e  
f a c t o r  in  t h e  B .  p e r t u s s i s  v a c c i n e  f i l t r a t e  a p p e a r e d ,  u n d e r  
t h e  r e p o r t e d  c o n d i t i o n s ,  t o  be  r e s i s t a n t  to  d i g e s t i o n  b y  
p a p a i n ,  t r y p s i n ,  d e o x y r i b o n u c l e a s e ,  r i b o n u c l e a s e ,  l y so -  
z y m e  a n d  h y a l u r o n i d a s e .  

A c c o r d i n g  t o  t h e s e  f i n d i n g s ,  t h e  a c t i v e  f a c t o r  s e e m s  to  
be  r e l e a s e d  b y  m a y b e  l y s e d  B .  p e r t u s s i s  cells i n t o  t h e  s u s -  
p e n d i n g  m e d i u m .  I t  a p p e a r s  t o  be  w a t e r  s o l u b l e  a n d  n o t  
d i a l y s a b l e ;  i t  d o e s  n o t  s e e m  n e i t h e r  to  be  a p r o t e i n  n o r  
a nuc l e i c  ac id .  

D i s c u s s i o n .  V a r i o u s  p h a r m a c o l o g i c a l  p r o p e r t i e s  h a v e  
b e e n  r e l a t e d  to  s u b s t a n c e s  f r o m  B .  p e r t u s s i s .  N o  g e n e r a l  
t h e o r y  o f  t h e i r  m o d e  of  a c t i o n  h a s  y e t  b e e n  p r e s e n t e d .  
T h e  c lue  t o  t h e  i n h i b i t o r y  e f f ec t  o f  a B .  p e r t u s s i s  s u b -  
s t a n c e  o n  t h e  t u b e r c u l i n  r e a c t i o n  c a n  be  t r a c e d  b a c k  to  
c l in i ca l  o b s e r v a t i o n s .  Y e t ,  t h e  m a r k e d  h e m a t o l o g i c a l  
c h a n g e s  o c c u r r i n g  a f t e r  t h e  a d m i n i s t r a t i o n  of  p e r t u s s i s  
v a c c i n e  to  e x p e r i m e n t a l  a n i m a l s  5 m a y  be  o f  s o m e  i m -  
p o r t a n c e  w i t h  r e g a r d  t o  i t s  e f f ec t  o n  t h e  t u b e r c u l i n  r e a c -  
t i on .  T h u s ,  t h e  o b s e r v e d  d e p o p u l a t i o n  of  l y m p h o i d  
s t r u c t u r e s  m i g h t  wel l  a l t e r  t h e  f u n c t i o n a l  d i s p o n i b i l i t y  of  
i m m u n o l o g i c a l l y  c o m p e t e n t  ce l ls  w h i c h  i n i t i a t e  o r  s u s t a i n  
t h e  t u b e r c u l i n  r e a c t i o n .  Of  c o u r s e ,  i t  s h o u l d  be  n o t e d  
t h a t  t h e  c h a n g e s  o f  c e l l u l a r  d i s t r i b u t i o n  c o u l d  n o t  be  

e l i c i t ed  b y  t h e  i n j e c t i o n  of  t h e  s u s p e n d i n g  m e d i u m  b u t  
o n l y  b y  t h e  b a c t e r i a l  cells.  

T h e  r e s u l t s  r e p o r t e d  h e r e  a l low s o m e  s u g g e s t i o n s  re -  
g a r d i n g  t h e  c h e m i c a l  n a t u r e  o f  t h e  a n t i - i n f l a m m a t o r y  
B .  p e r t u s s i s  f ac to r .  C lea r ly ,  t h e  a c t i v i t y  of  t h e  v a c c i n e  is 
n o t  c o n n e c t e d  o n l y  to  t h e  cell  s t r u c t u r e .  S e v e r a l  w a s h i n g s  
of  t h e  cel ls  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e i r  c a p a c i t y  t o  
r e l e a se  t h e  a c t i v e  f ac to r .  A s  i t  is  n o t  d i a l y s a b l e ,  i t s  m o l e -  
c u l a r  w e i g h t  m a y  be  e x p e c t e d  to  be  h i g h e r  t h a n  a b o u t  
1000. F u r t h e r m o r e ,  b y  i t s  h e a t  s t a b i l i t y  a n d  r e s i s t a n c e  t o  
p r o t e o l y t i c  e n z y m e s ,  t h e  s u b s t a n c e  d o e s  n o t  a p p e a r  to  b e  
p r o t e i n i c .  W o r k  a t t e m p t i n g  i t s  p u r i f i c a t i o n  is  in  p r o g r e s s .  

Z u s a m m e n / a s s u n g .  P e r t u s s i s  V a c c i n e  f t i h r t  zu  e i n e r  
H e m m u n g  d e r  T u b e r k u l i n - R e a k t i o n  be i  M e e r s c h w e i n -  
c h e n .  D e r  a n t i - i n f l a m m a t o r i s c h  a k t i v e  F a k t o r  w u r d e  
n / t h e r  c h a r a k t e r i s i e r t .  E r  w i r d  y o n  d e n  B a k t e r i e n  ill d a s  
S u s p e n s i o n s m e d i u m  a b g e g e b e n  u n d  i s t  f i l t r i e rba r ,  h i t z e -  
r e s i s t e n t  u n d  n i c h t  d i a l y s i e r b a r .  E r  b l i eb  w i d e r s t a n d s f ~ h i g  
g e g e n i i b e r  d e r  E i n w i r k u n g  v o n  P a p a i n ,  T r y p s i n ,  D e s o x y -  
r i b o n u k l e a s e ,  R i b o n u k l e a s e ,  L y s o z y m  u n d  H y a l u r o n i -  
da se .  
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5 S. I. MORSE, J. exp. Med. 121, 49 (1965). 


