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Susceptibi l i ty to Haemophilas inflaenzae 
Infection in Relation to the Age Factor 

G e n e r a l i z e d  i n f ec t i ons  w i t h  Haemophilus in/luenzae 
in m a n  are  m o s t  f r e q u e n t  d u r i n g  t he  f i rs t  two  yea r s  of 
l ifeL The  h i g h e r  r e s i s t a n c e  of l a t e r  age g r o u p s  is u s u a l l y  
i n t e r p r e t e d  as t h e  r e s u l t  of h u m o r a l  i m m u n i t y  due  to  
b a c t e r i o l y s i n s  of a m b o c e p t o r - c o m p l e m e n t  t y p e  ~, w h i c h  
were  f o u n d  to  i nc rease  w i t h  age  s . H o w e v e r ,  t h e  i nc r ea se  
in  a n t i b o d i e s  b e c o m e s  a p p a r e n t  a t  a l a t e r  age  t h a n  t h e  
age of dec rease  in  case  inc idence .  T h u s ,  we h a v e  fe l t  
some  d o u b t  w h e t h e r  t h e  h u m o r a l  f a c t o r  is so le ly  res-  
pons ib l e  for  t h e  a g e - i n d u c e d  r e s i s t ance ,  p a r t i c u l a r l y  as 
r e c e n t  r e s e a r c h  on  t h i s  p r o b l e m  in v i rus  i n f e c t i o n s  ha s  
s h o w n  t h a t  t he  i n t e r d e p e n d e n c e  of cause  a n d  ef fec t  is 
q u i t e  c o m p l i c a t e d  4. As t h e  m o u s e  is n o t  a n a t u r a l  h o s t  
to  t r u e  H. influenzae, a t  l eas t  a c q u i r e d  h u m o r a l  im-  
m u n i t y  in  t h e  a d u l t  a n i m a l s  c a n n o t  be  of i m p o r t a n c e .  
We,  t he re fo re ,  u n d e r t o o k  to  e x a m i n e  t h i s  p r o b l e m  b y  t h e  
i n o c u l a t i o n  of mice  of d i f f e r e n t  ages.  T h e  c a p s u l a t e d  
s m o o t h  Haemophilus inJluenzae s t r a i n  t y p e  " B "  used  in  
ou r  e x p e r i m e n t s  h a d  b e e n  i s o l a t e d  f r o m  t h e  p e r i c a r d i a l  
e x u d a t e  of a n  i n f a n t  w h o  d i ed  f r o m  p u r u l e n t  pe r i ca rd i t i s .  

I n  20 a d u l t  mice  ( ave rage  w e i g h t  25 g) t he  s u b c u t a n e -  
ous  i n j e c t i o n  of h a l f  a s lope b lood  a g a r  c u l t u r e  c a u s e d  
on ly  a local  swel l ing  w h i c h  s u b s i d e d  a f t e r  1 -2  d a y s  a n d  
all  t h e  a n i m a l s  r e m a i n e d  a l ive .  T h e r e  was  no  d a m a g e  to  
t h e  sk in  a n d  t h e  fu r  a t  t h e  s i te  of i n j ec t i on .  H o w e v e r ,  
a t r a n s i e n t  b a c t e r a e m i a  q u i t e  o f t e n  fo l lowed t h e  in-  
j ec t ion .  W h e n  g r o u p s  of 6 mice  were  i n o c u l a t e d  in t h e  
w a y  d e s c r i b e d  a n d  ki l led  a f t e r  3, 24 a n d  48 h, t h e  
i n j e c t e d  o r g a n i s m s  cou ld  be  c u l t u r e d  a f t e r  3 h f r o m  
t h e  l ive r  of 4 a n i m a l s  b u t  in  n o  i n s t a n c e  a f t e r  24 
a n d  48 h. T h u s ,  t h e  a d u l t  m o u s e  q u i c k l y  o v e r c a m e  t h i s  
b a c t e r i a l  f lood ing  a n d  s h o w e d  no  s u b s e q u e n t  d a m a g e .  

Table I 
Effect of H. in[luenzae infection in infant mice of different age 

Nmnber Dead within 
Age in days of mice 48 h Recovered 

5 
10 
15 
20 
30 

20 
20 
20 
20 
20 

10 
13 

3 
2 
0 

10 
7 

17 
18 
20 

In  i n f a n t  mice,  t h e  i n f e c t i o n  t o o k  q u i t e  a d i f f e r e n t  
course .  G r o u p s  of 20 mice  were  s u b c u t a n o u s l y  i n j e c t e d  
w i t h  1/50 s lope a g a r  c u l t u r e  p e r  g r a m  b o d y  w e i g h t  a t  
t h e  age of 5, 10, 15, 20, a n d  30 days .  T h e  r e s u l t s  a re  
g i v e n  in  T a b l e  1. A b o u t  ha l f  of t h e  a n i m a l s  in  t h e  f i r s t  
two  age g r o u p s  d i ed  q u i c k l y  a n d  t h e  b a c t e r i a  cou ld  be  
r e c o v e r e d  f r o m  l ive r  a n d  sp leen  of al l  t h e  d e a d  an ima l s .  
The  h i s to log ica l  e x a m i n a t i o n  of t h e  i n t e r n a l  o r g a n s  
r e v e a l e d  n e c r o t i c  foci in  t h e  l iver  w i t h  m a r k e d  l e u c o c y t i c  
i n f i l t r a t i on ,  I n  t h e  two  l a t e r  age g r o u p s  t h e  d e a t h  r a t e  
d r o p p e d  c o n s i d e r a b l y  a n d  b e c a m e  ni l  in  t h e  l a s t  one.  

The  s u r v i v o r s  of t h e  f i r s t  g roup ,  s t i l l  n a k e d  a n d  b l i n d  
a t  t h e  t i m e  of in fec t ion ,  were  m a r k e d l y  s t u n t e d  in t h e i r  
g e n e r a l  d e v e l o p m e n t  a n d  s h o w e d  i n h i b i t i o n  of t h e  g r o w t h  

1 T. M. RIVERS, Amer. J. Dis. Child. 24, 102 (1922). 
2 j .  WRIGHT and H. K. VCARD, J. Exp. Mcd. 65, 235 (193'2). 
3 L. D. FOTHERGILL and J. WRm~T, J. Immunolog. 24, 273 

(1933). 
4 M, hi. SIGEL, Ann. Rev. Microbiol. 6, 247 (1952). 

of h a i r  o v e r  a wide  u r ea  a r o u n d  t h e  s i te  of i n j e c t i o n  as  well  
as s i m i l a r  s m a l l e r  de fec t s  on o t h e r  p a r t s  of t h e  fu r  (Fig.) .  
H i s to log i ca l  e x a m i n a t i o n  of t h e  a f f ec t ed  sk in ,  t e n  days  
a f t e r  i n j ec t i on ,  r e v e a l e d  a h e a v y  p o l y m o r p h o n u c l e a r  
i n f i l t r a t i o n  of t h e  s u b c u t i s ,  t h i c k e n i n g  of t h e  d e r m a  and,  
in  places ,  r a r e f a c t i o n  of t h e  e p i d e r m i s  w i t h  b l o c k i n g  of 
t h e  h a i r  follicles b y  k e r a t i n  p lugs  ( fol l icular  h y p e r k e r a -  
tosis) .  T h r e e  weeks  la ter ,  t h e  i n f i l t r a t i o n  h a d  d i m i n i s h e d  
a n d  y o u n g  ha i r s  were  g rowing ,  b u t  t h e  cu r l s  was  s t i l l  
t h i c k e n e d .  T h i s  sk in  i n v o l v e m e n t ,  a n a l o g o u s  to  t h e  
d e r m o - n e c r o t i e  e f fec t  of H. pertussis t o x i n  ~, was  o b v i o u s -  
ly  d u e  to  e n d o t o x i n s ,  l i b e r a t e d  f r o m  t h e  b a c t e r i a ,  a g a i n s t  
w h i c h  t h e  a d u l t  a n i m a l  a p p e a r s  to  be  more  r e s i s t a n t .  
T h e  s k i n  les ions  c l ea red  a f t e r  a b o u t  one  m o n t h  b u t  a 
c e r t a i n  i r r e g u l a r i t y  of t h e  h a i r y  coa t  r e m a i n e d  vis ible .  
I n  t h e  o t h e r  age g roups ,  whe re  t h e  fur  h a d  a l r e a d y  
s t a r t e d  to  grow a t  t h e  t i m e  of i n fec t ion ,  n o  s u c h  ef fec t  
on  t h e  sk in  was  o b s e r v e d  b u t  t h e  g en e ra l  d e v e l o p m e n t  
in  t h e  s e c o n d  age g r o u p  was also m a r k e d l y  r e t a r d e d .  

Infant mouse, 10 days after infection, injected with H. in/luenzae in 
right hindquarters at the age of 5 days. Large bald area over posterior 
part of body, a smaller one above the right eye. General retardation 
of growth, as compared with control mouse of same age and stock 

behind it (Natural size). 

These  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  i n f a n t  mice  are  
c o n s i d e r a b l y  m o r e  s e n s i t i v e  to  H a e m o p h i l u s  i n f ec t i on  
t h a n  o lde r  ones.  A f t e r  t h e  15 TM d a y  of  life t h e  r e s i s t a n c e  
a p p r o a c h e s  t h a t  of t h e  a d u l t  a n d  r e a c h e s  t h a t  l eve l  a t  
t h e  30 th day .  

T h e  p a t h o g e n i c i t y  to  e m b r y o s  is s t i l l  h i g h e r  t h a n  to  
p o s t n a t a l  a n i m a l s .  As fa r  b a c k  as 1937, GALLAVAN 2 
r e p o r t e d  i r r e g u l a r  p a t h o g e n i c i t y  of H. in/luenzae to  
ch i ck  e m b r y o s  b y  c h o r i o - a l l a n t o i c  i n o c u l a t i o n ,  w h i c h  
caused  e n c e p h a l i t i s ,  m e n i n g i t i s  a n d  occas iona l  e c t o d e r -  
m a l  necros is .  GALLAVAN a n d  GOODPASTURE 3, i n o c u l a t -  
ing  H. pertussis, o b s e r v e d  also e c t o d e r m a l  necros is ,  
i nc r ea se  of m e s o d e r m a l  cells a n d  p u l m o n a r y  les ions  
r e p r o d u c i n g  t h o s e  of h u m a n  pe r tus s i s .  SHAFFER a n d  
SHAFFER 4 d e m o n s t r a t e d  t h e  m a r k e d  s u p e r i o r i t y  of yo lk  
sac  i n o c u l a t i o n  o v e r  t h e  c h o r i o - a l l a n t o i c  r o u t e  w i t h  
H. pertussis. 

O u r  H a e m o p h i l u s  s t r a i n  k i l led  c h i c k  e m b r y o s  b y  yo lk  
sac  i n o c u l a t i o n  r e g u l a r l y  in  less t h a n  24 h, a n d  cor res -  
p o n d i n g  ef fec ts  were  o b s e r v e d  in mice.  8 f ema le s  in  t h e  
m i d d l e  of p r e g n a n c y  were  i n j e c t e d  s u b c u t a n e o u s l y  w i t h  
ha l f  a s lope a g a r  c u l t u r e  a n d  al l  a b o r t e d  w i t h i n  36 h 
b u t  r e m a i n e d  o t h e r w i s e  h e a l t h y .  O u t  of 8 o the r s ,  in-  
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jected towards the end of pregnancy, two aborted and 
six delivered sickly litters. Many of these baby mice 
were eaten by their mothers bu t  a few survived and 
showed patchy defects of the fur similar to those brought 
about  by direct injection. The most regular damage of 
the aborted foetus, as revealed by histological examina- 
tion, were scattered necrotic loci in the liver without 
leucocytic infiltration. 

In a further experiment, 10 females in the middle of 
pregnancy were subcutaneously injected with half slope 
agar cultures and killed 24 h later. In six of them abortion 
had already begun by that  time. Cultures were per- 
formed from the liver and spleen of the females on the 
one hand, and from the embryos on the other. No 
Haemophilus was found in the organs of the mother 
animals nor was there any subplacentar hemorrhage. 
The abortion could not, therefore, be related to maternal  
injury. Out of 66 embryos, 13 yielded a rich confluent 
growth, 8 showed isolated colonies and 45 were sterile. 
The distribution of these findings is given in table No. II.  

Table II 
Presence of Haemopbilus in embryos of pregnant mice infected 24 h 

before examination 

Serial No. 
of female 

1 
2* 
3* 
4 
5* 
6* 
7* 
8 
9 

I0" 

Total 

Total 
number 

7 
6 
4 

10 
7 
8 
6 
7 
4 
7 

66 

Embryos 

Confluent Isolated 
growth colonies 

7 
-- 1 
--  4 

6 2 

- 1 

13 8 

Sterile 

5 

10 
7 

6 
7 
4 
6 

45 

its cellular defence. The exact nature  of this process still 
requires elucidation. I t  would be even more interest ing 
to investigate, whether a difference in vulnerabi l i ty ,  
similar to tha t  between foetus and mother,  pertains also 
to other immature  tissues within a mature  organism, 
i.e. in tumor-bearing animals.  Should this be confirmed, 
the Haemophilus toxin might  be considered for tr ial  as 
an anticancerous agent. 

I wish to express my thanks to Dr. A. ]{OMAROFF, Director, Govt. 
Veterinary Virus Laboratory Haifa, for his kind help in the experi- 
ments with chick embryos and to Dr. B. G~LEY, chief, Pathol. 
Section, Govt.Hospital "Rambam', for the histological examinations. 
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Zusammen/assung 

MAuse zeigen in den ersten zwei Wochen ihres Lebens, 
im Vergleich mit  erwachsenen Tieren, eine Ahnlich er- 
h6hte Empfindlichkeit  gegenfiber Allgemeininfektion 
mit  Haemophilus influe~ae wie menschliche Kleinkinder  
in den ersten zwei Jahren. Diese Erscheinung beruht  
vermutlich in erster Linie auf einer besonders hohen 
Empfindlichkeit  des infanti len Organismus gegeniiber 
d e n  Endotoxinenr.welche die zellul~ixen Abwehrfunktio-  
nen hemmen. Noch empfindlicher sind F6ten in der 
Mitte der Gestationsperiode, die s~mtlich abget6tet  
werden, w~hrend das Muttert ier  keinerlei SchAdigung 
erleidet. 

Es wird angeregt, zu untersuchen,  ob eine i~hnliche 
Verschiedenheit der Empfindlichkei t  zwischen den un- 
reifen Zellen yon malignen Tumoren und den reifen ihrer 
Tr~iger besteht. 

D e r  R u c k t a n z  a l s  w e s e n t l i c h e r  B e s t a n d t e i l  

d e r  B i e n e n t ~ n z e  

* Abortion had already started before examination. 

The bacteriological findings of the placentas, cultured 
separately, did not differ from those of the corresponding 
foetus. Experiments with intravenous injections of 1/10 
slope agar cultures gave even more impressive results. 
After 24 h, the organs of all the females were sterile 
whilst the Haemophilus could be recovered from the 
embryos in most of the litters. 

In  conjunction with our previous results, these find- 
ings may be interpreted as follows: The embryos are 
killed by the liberated endotoxins to which they are more 
sensitive than  the adult  animals. If bacteria penetrate 
through the placental  barrier into the foetus, they 
establish a foothold in the impaired embryonic and 
placentar tissue, whilst they are quickly destroyed in the 
adult  animal by cellular defence mechanisms. Humoral 
antibodies would have acted equally in both, mother and 
foetus, since they pass unhindered through the pla- 
centa in rodents, apes and manL 

The susceptibility of infants to H. in]luenzo.e infections 
cannot,  therefore, be explained solely by a lack of hu- 
moral immuni ty .  The pr imary cause appears to be a 
particularly high vulnerabi l i ty  of the immature organism 
to the endotoxins of Haemophilus which seem to paralyze 

I j .  H. MASON, T. DALLING, and W. S. GORDON, J. Path. Bact. 
33, 783 (1930). 

Vor einigen Jahren berichteten wir fiber richtungs- 
weisende Bienentitnze bei Futterpl~ttzen in Stockn~ihe 1. 
Es stellte sich heraus, dass bei einer Ent fe rnung  des 
Futterplatzes yon zum Beispiel 30 m sowohl Sichelt~nze 
(BALTZER, TSCHUMI) als Acht- und Schw~nzelt~nze 
(v. FRISCH) nebst 0bergangstanzformen ausgeffihrt wur- 
den. Dazu kamen noch regellos eingestreute Rundt~nze 
und ungerichtete Sicheln. Trotz der starken Variation 
schienen die T{tnze, wie dies auch TSCHUMI i feststellte, 
eine ausgesprochen richtungsweisende Funk t ion  zu er- 
ffillen. Letztere kann deshalb unseres Erachtens nur  auf 
den im Jahre 1950 yon uns beschriebenen ~Ruckt~nzen D 
beruhen, die unter  anderem auch die ,Wendepunkte~  
BALTZERS s markieren. Nut  diese Rucktamstrecken k6n- 
hen dutch Liinge und Richtung die Lage der Futterquelle 
aweigen, entsprechend den yon v. FRISCH entdeckten 
Regeln. Die zwischen den Ruckti~nzen eingeschalteten 
Laufstrecken haben, ebenso wie die Rundt/ inze uncl die 
ungerichteten Sicheln, eine aktivierende Bedeutung.  Ihr  
Auftreten ist einerseits dutch 5rtliche Umst~nde auf der 
Wabe bedingt, andererseits durch das Temperament  des 
Volkes. Letzteres kann verschieden sein, und zwar so- 
wohl vov~bergekend durch Einflfisse, wie Wetter,  Quali- 
t~it der Futterquelle,  St~rke und Entwicklungszustand 
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