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Bacterial  Local ization:  The  Use  of an Autographic  Method for the Study  of Infect ious P r o c e s s e s  
in Mice 

The eradica t ion  of infect ions by  means  of an t ibac te r ia l  
agents  depends  on a knowledge of the  d i s t r ibu t ion  of 
various pa thogenic  microorganisms;  th is  is essent ial  for a 
clear unde r s t and ing  of infect ious s ta tes  and  for an evalua-  
t ion  of hos t -pa ras i t e  in terac t ions .  Tradi t ional  m e t h o d s  
of inves t iga t ions  are based  on bacter ia l  counts  in var ious  
homogenized  organs;  th is  m e t h o d  is t ime-consuming  and  
cumbersome,  and furnishes  only average values of t he  
organs examined.  A t t e m p t s  have  been  made  to overcome 
this  diff icul ty  by  using whole-an imal  au to rad iog raphy  in 
mice infected wi th  labelled microorganisms1,  2. This 
me thod  furnishes  a comprehens ive  p ic ture  in a single 
an imal  bu t  i t  has  a poor  degree of rel iabi l i ty in t i m e L  
There are two reasons for th is :  the  first  is r ad ioac t iv i ty  
due to by -p roduc t s  of b o t h  living and  dead  micro- 
organisms;  the  second is t he  rapid  di lut ion of radio- 
ac t iv i ty  caused by  mul t ip l ica t ion  of microorganisms.  To 
overcome these  difficulties we employed  a modif ica t ion  of 
the  au tographic  me thod4-L  

Materials  and methods. Germ-free  and normal  Swiss 
albino mice were i.v. infected wi th  0.5 ml  of a 6 h b r o t h  
cul ture  of Staphylococcus pyogenes aureus (NTCC 8369) 
or Escherichia coli (ATCC 4157) or Klebsiella pneumoniae  
(ATCC 9590) conta in ing  app rox ima te ly  109 cells per  ml. 
Mice were killed, and  frozen under  sterile condi t ions ;  300 ~x 
sect ions were cut  a t  - -12  ~ careful ly unrol led on to the  
surface of a 2% agar  gel (agar 2% in 0 .1M buffer  phos-  
pha t e  p H  6 according to Soerensen),  and t h e n  i r rad ia ted  
wi th  an UV- lamp  for 1 rain. This procedure  kills any  
superficial  microorganisms  displaced dur ing sect ioning 
procedures.  Sections were incuba ted  at  37 ~ (S. pyogenes 
aureus and E. coli) or a t  25 ~ (K. pneumoniae)  for 18 h. 
After  incubat ion  the  sect ions were carefully covered wi th  
a th in  liquid film of a solut ion of t r ipheny l t e t r azo l ium 
chloride (750 txg/ml) in a s a tu ra t ed  aqueous Na2HPO ~ 
solution. Living microbes  assumed a red colour; sect ions 
were p h o t o g r a p h e d  by  t r ansparency .  

Results  and discussion. Figure 1 shows the  d i s t r ibu t ion  
of Staphylococci  2 h af ter  infection.  Their  presence in 
liver, spleen and lungs is ev iden t  and there  is also a 

m o d e r a t e  renal  excret ion.  Our resul ts  agree wi th  those  
ob ta ined  by  BONVENTRE and  IMHOFF 1-3 using autoradio-  
graphy,  and  wi th  the  observa t ions  of I{OGERS 8, i.v. in- 
j ec ted  bac te r ia  appea r  to  be t aken  up chiefly by  the  
re t iculoendothel ia l  sys t em where  t h e y  general ly  survive 
for some days.  Figure  2 represen ts  an E.  coli infected 
'germ-free '  female  mouse  a t  the  16th day  of p regnancy ,  
killed 2 h af ter  infection.  The general  d i s t r ibu t ion  is 
s imilar  to t h a t  shown in Figure  1; the  p lacen tae  appear  
heavi ly  infected,  whereas  the  fetuses  and  the  amnio t ic  
fluid are sterile. This indicates  a possibi l i ty  of using this  
m e t h o d  for eva lua t ing  the  re la t ionship  b e t w een  ma t e rna l  
and  fetal  infections.  Figure 3 shows a mouse  48 h af ter  in- 
fect ion wi th  Klebsiella pneumoniae.  Microorganisms are 
p re sen t  a lmos t  exclusively in l iver and  spleen;  micro- 
organisms presen t  in the  in tes t ine  belong to the  normal  
in tes t ina l  flora. 

This  f igure d e m o n s t r a t e s  t h a t  it  is possible to  eva lua te  
bacter ia l  d i s t r ibu t ion  and  fate  even several  hours  af ter  
infection.  We  found good cor respondance  be tween  the  
degree of microbia l  infect ion revealed by  our  m e t h o d  and 
the  n u m b e r  of microorganisms  found  by  the  p la te  bac- 
ter ial  coun t  me thod .  The degree of sens i t iv i ty  is h igh:  we 
had  no diff icul ty  in observing bacter ia l  d i s t r ibu t ion  even 
in mice  infected wi th  as few as 500 cells (dilution 1 • 10 e 

1 p. F. BONVENTRE, B. K. NORDERBERG, C. G. GCHMITERLOW, J. 
infect. Diseases 108, 205 (1961). 

2 p .F .  BONVENTRE, g. K. NORDERBERG, C. G. SCHMITERL6W, Acta 
path. microbiol, stand. 5/, 157 (1961). 

3 p. F. BONVENTRE and J. G. IMHOFF, J. Path. 48, 149 (1966). 
4 E. TUBARO, M. J. BULGINI, Nature 212, 1314 (1966). 
.5 E. TUBARO and M. J, BULGINI, Experientia 23, 310 (1967). 
6 F~. TUBARO and M. J. BULGINI, Nature 218, 395 (1968), 
7 E. TUI~ARO and M. J. BULGINI, Vth Int. Cong. Chemotherapy 

Wien 1967 (Verlag der Wiener Medizinischen Akademie, Wien 
]967), vol. I/l, p. 147. 

8 D. E. ROGERS, Bact. Rev. 2//, 50 (1960). 

l:ig. 1. Whole-body sagittal section of a normal mouse 2 h after i.v. infection with Straphylococcus pyogenes aureus (50 • 10 :~ nficro- 
organisms). Vital staining with triphenylt(,trazolium. The dark areas contain numerous livinK microhes; the white areas do not contain 
living microorganisms, x 2.5. 
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Fig. 2. Whole-body sagittal section of a pregnant germ-free mouse 2 h after i.v. infection with E. coli (50 • 10 ~ microorganisms). Vital 
staining with triphcnyltetrazolium. • 1.8. 

Fig. 3. Whole-body sagittal section of a normal mouse 48 h after i.v. infection with K. pneumoniae (50 • 109 microorganisms). Vital stain- 
ing with triphenyltetrazolium, x 2.5. 

of a 6 h mic rob ia l  cu l tu re  in  l iquid  med ium) .  In fec t ed  
sect ions  were also subcu l t u r ed  i n  o rder  to  ver i fy  t h a t  the  
mic roo rgan i sms  p r e sen t  were iden t ica l  w i t h  those  in jec ted .  
I n  our  exper ience  t he  a u t o g r a p h i c  m e t h o d  is a p r ac t i c a l  
tool  for  o b t a i n i n g  re l iable  i n f o r m a t i o n  a b o u t  bac te r i a l  dis- 
t r i b u t i o n  in in fec ted  mice. The  s t u d y  of th i s  d i s t r i b u t i o n  
m a y  b r idge  t he  wide gaps  wh ich  st i l l  ex is t  in  our  know-  
ledge of t h e  pa thogenes i s  of infect ion.  The  m e t h o d  shows 
t he  d i s t r i b u t i o n  on ly  of l iv ing  mic roo rgan i sms  a n d  the re -  
fore fu rn i shes  a t r u e  m a p  of t h e i r  d i s t r i bu t ion .  I t  possesses 
t h e  a d v a n t a g e s  t yp ica l  of w h o l e - b o d y  sec t ions ,  p r inc i -  
pa l ly  a genera l  v iew of t he  mic rob ia l  t r o p i s m  on each  ex- 
p e r i m e n t e d  an imal .  

Riassunto.  I1 m e t o d o  au tograf ico  6 s t a to  imp iega to  pe r  
la v a l u t a z i o n e  del la  d i s t r ibuz ione  dei  germi.  Sezioni 
sag i t t a l i  comple t e  di top i  p r e c e d e n t e m e n t e  i n f e t t a t i  sono 
s t a t e  i n c u b a t e  e i ge rmi  v iv i  sono s ta f f  r ive ta t i  m e d i a n t e  
colorazione v i t a l e  con t r i fen i l te t razol io .  Le r i s u l t a n t i  
m a p p e  d e t t a g l i a t e  della d i s t r ibuz ione  b a t t e r i c a  p e rme t -  
t o n o  di p e n e t r a r e  il m e c c a n i s m o  dei processi  d i fens iv i  
de l l 'osp i te  e le p rop r i e t~  invas ive  del germe. 
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