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Accelerated and Pro longated  Mult ip l icat ion  of 
A n t i b o d y - F o r m i n g  Spleen  Cells by  Bordetella 
p e r t u s M s  in Mice I m m u n i z e d  w i t h  Sheep Red 

Blood  Cells  

I t  has  been  shown  t h a t  add i t ion  of Bordelella perlussis  
to  toxoid  f rom Corynebacterium diphtheriae produced  an 
e n h a n c e m e n t  of  a n t i t o x i n  fo rma t ion  in guinea-pigs  1-s and  
likewise in ch i ldrenL I t  is also well k n o w n  t h a t  pe r tuss i s  
vaccine can be e m p l o y e d  as an immunolog ica l  a d j u v a n t  
for increased  d e v e l o p m e n t  of e x p e r i m e n t a l  'al l6rgic '  
encephalomyel i t is~-~L Above  all B.  pertuss~s has  been  
used for t he  i nduc t ion  of suscep t ib i l i ty  to  fa ta l  sys t emic  
anaphy lax i s  in mice and  rats ,  which  in genera l  is m u c h  
more  diff icul t  to  p roduce  wi th  these  species t h a n  wi th  
o the r  species of expe r imen ta l  an imals  used.  Af te r  a single 
in ject ion of ant igen,  p r o m p t  suscept ib i l i ty  t o  a n a p h y t a x i s  
is only  induced  in several  inbred  s t ra ins  of mice w h e n  
per tuss is  cells are g iven t o g e t h e r  w i th  the  sensi t iz ing 
pro te in  an t igen  ~-x~ or w h e n  the  an t igen  is appl ied  as a 
water - in-o i l -emuls ion  p r epa red  wi th  F r e u n d ' s  adju-  
vant~*,~L Prev ious  inves t iga t ions  h a v e  shown  t h a t  the  
t r e a t m e n t  of mice wi th  per tuss is  vaccine  increases  the  
p roduc t i on  of agglut in ins  aga ins t  ch icken  red  blood cells x" 
and  of h e m a g g l u t i n a t i n g  an t ibod ies  to  p ro t e in  ant i -  
gens~*,tL Thus  i t  was of in t e res t  to  f ind ou t  w h e t h e r  such 
ac t ion  is connec ted  wi th  an increase of cellular ac t iv i ty  
resu l t ing  in t he  a u g m e n t a t i o n  of c i rcula t ing  an t ibod ies  
by  a c o n s t a n t  n u m b e r  of immunolog ica l ly  c o m p e t e n t  
cells, or  j u s t  w i th  a mul t ip l i ca t ion  of  a n t i b o d y  p roduc ing  
spleen cells deve lop ing  c o n c o m i t a n t l y  w i th  t he  marked  
e leva t ion  of t he  ind iv idua l  spleen weigh ts  found  in per-  
t u s s i s - t r ea t ed  mice~7, ~s. 

F o r  the  q u a n t i t a t i v e  d e t e r m i n a t i o n  of p l aque - fo rming  
spleen cells, t h e  agar  t echn ique  as descr ibed  b y  J ~ N ~  e t  
al. x~,~ was  employed .  Suspens ions  of single sp leen  cells 
were  p r e p a r e d  as descr ibed  ~0 using Eag le ' s  med ium.  The  
suspens ions  were f i l te red  t h r o u g h  a sterile,  f ine -mesh  
gauze. Cell coun t s  were  pe r fo rmed  microscopica l ly  in a 
B i i rke r -chamber  using a 1:200 d i lu t ion  of the  t e s t  spleen 
cell suspension.  The  ac tua l  d i lu t ion of t he  spleen cell 
suspens ions  t aken  d e pended  on the  an t i c ipa ted  p ropo r t i on  
of p laque- fo rming  cells. Fo r  pour ing  agar  plates ,  cell 
suspens ions  were used conta in ing  5 . 5 . 1 0  s to  4 .8 .  107 
nuc lea ted  cells per  ml. In  brief, 0.1 ml  of the  t e s t  spleen 
cell suspens ion  was added  to  2.0 ml  of me l t ed  0.7% Oxoid 
agar  (No. 3) con ta in ing  4 .  10 s sheep red b lood cells 
(SRBC) and  1.0 mg d i e t h y l a m i n o e t h y l - d e x t r a n .  This  
mix tu re  was careful ly  poured  over  t he  basal  3 m m  th ick  

layer  of agar,  p rev ious ly  p r e p a r e d  in pe t r i  dishes  (80 m m  
in d iameter ) .  Af te r  the  uppe r  cell agar  layer  had  solidified, 
t h e  p la tes  were i ncuba t ed  at  37 °C for 1 h. Subsequen t ly ,  
1.5 ml  of und i lu t ed  guinea-pig  c o m p l e m e n t  was sp read  
over  t he  surface of t he  p la tes  and i ncuba t ed  for 30 rain 
a t  37°C. Fo l lowing  th is  incuba t ion ,  p la tes  were al lowed 
to s t ay  for  60 rain a t  room t e m p e r a t u r e  and  t h e n  s to red  
a t  4°C in a r e f r ige ra to r  for  12-15 h. T h e y  were  careful ly  
e x a m i n e d  for p laques  in t he  layer  using a p la te -micro-  
scope.  F o r  t he  e x p e r i m e n t s  male  a lbino mice of the  in- 
bred  s t ra in  N M R I / H a n .  were  used. 

In  a p r e l im ina ry  f irs t  i nves t iga t ion  80 mice were 
d iv ided  in to  3 groups.  The  25 mice of g roup  I received 
only  a single i.v. in jec t ion  of 4 .  106 SRBC,  while  t h e  25 
mice  of g roup  I I  s imu l t aneous ly  wi th  t h e  i.v. in jec ted  
SRBC,  rece ived an i.p. in jec t ion  of 2 . 1 0  g hea t -k i l led  
ceils of B.  pertussis,  p h a s e  I, n o t  a b s o r b e d  (Behr ingwerke  
Marburg) ,  in 0.5 ml saline. The  30 mice of g roup  I I I  were 
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Table I. Effect of Bordetella pertussis and cyclophosphamide on the production of plaque-forming spleen cells in NMRI mice 

Group Treatment on day of No. of 
immunization mice 

Average number of plaque-forming cells per 108 spleen ceils at different intervals 
after immunization : 

2 days 3 days 4 days 5 days 7 days 14 days 21 days 
(44 h) 

I 4 " 106 SRBC ~ 3 0.3 

II 4 • 10 ~ SRBC, and 3 31.1 
2 • 10 * B. per~ussis 

III 4 • 106 SRBC 3 1.1 
2 • 109 B. pertussis, and 
4 mg eyclophosphamide 

27.8 193.4 317.8 94.0 45.5 2.2 

191.5 400.9 890.4 165.1 149.2 55.9 

3.4 4.5 0 0 20.4 116.8 

No. of mice used each day of investigation, 1, sheep red blood cells. 
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Table II. Effect of Bordetdla periussis on the relative spleen weights and the number of plaque-forming spleen cells in NMRI mice" 

Interval after No. of mice in the groups 
immunization 

Average relative spleen weights in the groups b Average No. of plaque-forming cells per 
10 ~ spleen cells in the groups 

I II III C a C a I II III C l C a t II III C a C a 

(mg) 

24 h 7 7 3 - - 54.9 64,0 63.5 - - 2.5 3.1 1.4 - - 

3 0  h 4 4 - - - 65.0 66.1 - - 6.2 29.3 - - - 

4 4  h 3 3 3 - 44.1 72.9 74.2 - - 40.8 300.8 12.5 - 
3 days 3 3 3 - - 58.9 97.1 69.4 - - 228.8 1009.4 26.1 - - 
4 days 3 2 - 3 - 55.0 103.5 - 67.4 - 2336.2 4716.2 - ~5 - 
5 days 3 2 3 - 3 70.7 96.7 81.1 - 53.7 2027.3 4399.4 12.4 - 1.2 

14 days 3 3 3 - - 60,0 93.6 122.3 - - 74.6 162.6 2.2 - - 
21 days 3 3 - - 53.4 81.3 - - 36,9 623.1 - - 
28 days 4 5 - - 55.5 53.4 - - - 11.0 77.0 - - - 
35 days 5 6 - 74.2 48.6 - - - 4.3 53,1 - - 

L Treatment of mice. Group I : 8 • 10 8 sheep red blood cells i.p. Group II : 8 • 10 8 sheep red blood cells and 2 • 10 9 B. pertussis simultaneously 
i.p. Group III : 2 • 10 8 B. pertussis i.p. Group C l : 8 • 10 9 sheep red blood cells i.p., but spleen cell suspensions of these mice were added to agar 
containing human erythrocytes, blood group B. Group Ca: normal mice. b Relative spleen weight = mg wet spleen/10 g body weight. 

immun ized  in the  s ame  m a n n e r  as t he  an imals  of g roup  
II ,  b u t  2 h before  sens i t iza t ion  each  mouse  was  t r e a t e d  
b y  a n i.p. in jec t ion  of 4 mg cyc lophosphamide  in 0.5 ml  
saline. 3 mice ou t  of each group,  respect ive ly ,  wcre 
sacrif iced at  var ious  in terva ls  a f t e r  sens i t iza t ion  and  the i r  
spleens r e m o v e d  asept ical ly .  The resul ts  given in Table  I 
show t h a t  a l ready  44 h a f t e r  sens i t iza t ion  r emarkab l e  
n u m b e r s  of p l aque- fo rming  spleen cells were demon-  
s t rab le  in  pe r tu s s i s - t r ea t ed  mice  (group I I )  and  t h a t  in 
t h e  same group,  on  all days  of inves t iga t ion ,  t he  p laque-  
fo rming  cells were  increased  compared  to  those  found  in  
t h e  spleens of t he  mice of g roup  I. Final ly,  the re  was  a 
m a r k e d  p ro longa t ion  of a n t i b o d y  p roduc t ion  in t he  
spleens  of pe r tus s i s - t r ea t ed  mice (group II). On the  
o the r  hand ,  as ind ica ted  in Table  I, f o rma t ion  of p laquc-  
forming  spleen cells was comple te ly  depressed  dur ing  the  
f i rs t  7 days  a f t e r  i m m u n i z a t i o n  by a single dose of 4 m g  
cyc lophosphamide ,  fol lowed b y  a sloe,- f o rma t ion  r a t e  of 
p laque- fo rming  cells in  the  n e x t  2 weeks. I t  m a y  be  
m e n t i o n e d  in th is  connec t ion  t h a t  a single dose  of 4 mg  
cyc lophosphamide  is able to depress  comple te ly  the  sus- 
cep t ib i l i ty  to sys temic  anaphy lax i s  and  the  fo rma t ion  of 
c i rcula t ing ant ibodies ,  induced  w i t h  the  aid of per tuss is  
o rgan i sms  ~x. 

I n  o rde r  to  inves t iga te  the  a d j u v a n t  effect  of B. per- 
tuss /s  over  a longer  per iod  of t ime ,  and  to  p rove  the  
inf luence of  B. pertussis cells on  t h e  re la t ive  spleen weight  
(rag spleen/10 g b o d y  weight)  dur ing  the  t ime  of inves t iga-  
t ion,  a second e x p e r i m e n t  was u n d e r t a k e n  using 
N M R I / H a n .  mice (22-25 g) wh ich  were d iv ided  in 3 
groups.  B o t h  the  mice-groups  I and  I I  were immun ized  
by  an  i,p. in jec t ion  of 8 • l0  s SRBC. The mice of group II  
h a d  s imul taneous ly  received an  addi t iona l  i.p. in jec t ion  
of 2 • 10 s B. pertussis cells, while  t he  mice  of g roup  I I I  
only  were  t r e a t e d  wi th  t h e  per tuss i s  vaccine.  As addi-  
t ional  cont ro ls ,  2 groups  of  3 mice each were  used :  
con t ro l  C x (mice immun ized  in t he  same m a n n e r  as t he  
an imals  of g roup  I, b u t  spleen suspens ions  of which  
p r e p a r e d  4 days  a f te r  immun iza t i on  were added  to  agar  
con ta in ing  4 • l0 s h u m a n  e r y t h r o c y t e s  of b lood group B) 
and  C, (normal  mice). 

Resul t s  p re sen ted  in Table  I I  show t h a t  a l r eady  30 h 
a f t e r  i m m u n i z a t i o n  a d i s t inc t  p laque  fo rma t ion  could be 
d e m o n s t r a t e d  wi th  spleen cells of t he  immun izcd  and  
pe r tu s s i s - t r ea t ed  mice (group II) ,  whi le  a t  th is  t i m e  ant i -  
body  fo rma t ion  was absen t  in t he  spleens of mice of 

g roup  I. 14 h la te r  t h e  average  n u m b e r  of p l aque - fo rming  
spleen cells found  in t h e  mice of g roup  I I  was  a b o u t  71/, 
t imes  h igher  t h a n  t h a t  d e m o n s t r a t e d  in the  an imals  of 
g roup  I. In  a m a r k e d l y  lesser degree,  shor t  t e r m  pro-  
l i fera t ion of p laque- fo rming  spleen cells was also demon-  
s t rable  in mice t r e a t e d  solely wi th  per tuss is  organisms 
(group I I I ) .  The  mul t ip l i ca t ion  of p l aque- fo rming  spleen 
cells b y  B. pertussis could be d e m o n s t r a t e d  a t  all in te rva ls  
a f t e r  immuniza t ion .  Thus  t h e  p ro longa t iug  effect  on ant i -  
b o d y  fo rma t ion  seems to  be charac te r i s t i c  no t  on ly  for 
anorganic  adso rben t s  and  oil phases  b u t  also for per tuss is  
organisms.  The a d j u v a n t  effect  of B. pertussis c a n n o t  be 
re la ted  - a t  least  n o t  alone - to  i ts  c o n t e n t s  of endo tox in ,  
since the  a d j u v a n t  effect  of endo tox ins  of g r amnega t ive  
bac te r ia  is only  re la ted  to  the  e n h a n c e m e n t  b u t  no t  to  
p ro longa t ion  of  a n t i b o d y  produc t ion .  

Our  resul ts  ind ica te  t h a t  t he  essent ia l  m e c h a n i s m  of 
t he  ac t ion  of B. pertussis as an  immunolog ica l  a d j u v a n t  
is connec ted  w i t h  i ts  s t i m u l a t o r y  inf luence  on the  pro-  
l i fera t ion of immunological ly ,  c o m p e t e n t  cells resul t ing 
in an acceleratcd,  increased and  p ro longa ted  fo rma t ion  of 
a n t i b o d y  forming  cells a2 

Zusammen/assung. Der W i r k u n g s m e c h a n i s m u s  im- 
munologischer  A d j u v a n t i e n  is t  n ich t  b e k a n n t .  Mit te ls  
A n w e n d u n g  der  J e rneschen  Techn ik  wurde  d a h e r  die 
F rage  un te r such t ,  ob  Pe r tus s i so rgan i smeu  ihre a d j u v a n t e  
W i r k s a m k e i t  f iber eine V e r m c h r u n g  immunolog i sch  
k o m p e t e n t e r  Zellen en t fa l ten .  Es  k o n n t e  gezeigt  werdcn,  
dass  die s imul tane  In j ek t ion  yon  B. pertussis und  Schaf-  
e r y t h r o c y t e n  im Vcrgle ich zur al leinigen In j ek t i on  von  
S c h a f e r y t h r o c y t e n  bei NMRI-Mi~usen zu einer  beschlcu-  
n ig ten ,  ges te iger ten  u n d  ver lAngerten Bi ldung  ant i -  
k6 rpe rb i ldender  Milzzellen ft ihrt .  
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