
THE REACTION OF SPLENIC TISSUE IN CULTURE TO 

LISTERIA MONOCYTOGENES

By

ESTHER M. SMITH

A THESIS

Submitted  to the School of G radua te  Studies of M ichigan  
State College of A g r ic u l tu re  and Applied Science 

in p a r t i a l  fu lf i l lm ent of the r e q u i r e m e n t s  
fo r  the d eg ree  of

DOCTOR OF PHILOSOPHY

D e p a r tm en t  of Animal Pa tho logy

1955



ProQ uest Number: 10008429

All rights reserved

INFORMATION TO ALL U SERS  
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send  a com plete manuscript 
and there are m issing pages, th ese  will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQ uest 10008429

Published by ProQ uest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United S tates C ode

Microform Edition © ProQ uest LLC.

ProQ uest LLC.
789 East Eisenhow er Parkway 

P.O. Box 1346  
Ann Arbor, Ml 4 8 1 0 6 -  1346



F r o n t i s p i e c e

A s e v e n - d a y - o l d  c u l t u r e  of s p le e n .  
S ta in ed  w ith  h e m a t o x y l i n - e o s i n .

i i



\ *

* ' r . ; m
* * Jl:k H I  ^*- * Jwt

h i t  *  f

*
' 4 '*

? ^  v  *
• I *  * 1  ‘ i f  l !

;••■ "  * { * * /  '.>!» j# f»  «

, - \  • \\ayr V \  #>i • }i M
/ v' • •, ‘- ' iT 1> \  ^ i A n V  \ V W ' k l * '  •  \  J V j  'I

\ .4

i i i



ABSTRACT

The study of t i s s u e  in v i t r o inocu la ted  with L i s t e r i a  m onocy-  

to genes  was u n d e r tak en  b e c a u se  of an  a p p a re n t  d i f fe rence  in t i s s u e  

r e a c t io n  re su l t in g  f r o m  in fec t ion  with th is  o rg a n i sm .  T is su e  c u l tu re s  

p ro v id e d  a m e d iu m  w hereby  the deve lo pm en t of the l e s io n  could be 

o b s e rv e d  u n de r  co n t ro l led  condit ions.

E xplan ts  of sp leen  w ere  p laced  in p l a s m a  c lo ts ,  inocula ted  

with L.  m onocy togenes  and sea led  in d e p re s s io n  cu ltu re  s l ides  a c 

co rd in g  to the m ethod  of Maximow. The b a c t e r i a l  su sp e n s io n  was 

m ade  to m a tc h  the 0.5 tube of the M c F a r la n d  n epho lom ete r  when 

c o m p a r e d  in a p h o t e l o m e t e r . A pprox im a te ly  0.01 m l  of th is  s u s 

p e n s io n  was p la c e d  in each  t i s s u e  cu l tu re .  Contro l  c u l tu re s  w ere  

t r e a t e d  in a s i m i l a r  m a n n e r ,  omit t ing  the b a c te r i a .  Medium 199 was 

the f luid u sed  th roughout th is  s tudy.

O b se rv a t io n s  of l iving t i s s u e  c u l tu re s  re v e a le d  tha t  the growth  

of the  t i s s u e  was not inhib i ted  by the p r e s e n c e  of L.  m o n o c y to g e n e s . 

In all inocu la ted  t i s s u e  c u l tu r e s  the b a c t e r i a  w ere  a lways m oti le  

when o b s e rv e d  unde r  the m ic ro s c o p e .

When inocu la ted  t i s s u e  c u l tu re s  w ere  p laced  in a r t i f i c ia l  

b a c te r io lo g ic a l  m e d iu m ,  g row th  of L.  m onocy togenes  did not  occur



u n le ss  the t i s s u e  c u l tu r e s  w ere  r e f r i g e r a t e d  at 4°C f o r  s e v e ra l  

days .

The study of s ta ined  s e r i a l  sec t ions  of inocu la ted  t i s s u e  c u l 

t u r e s  d i s c lo s e d  what a p p e a re d  to be a p r o l i f e r a t i o n  of the v a s c u la r  

endo th e l iu m .  The r e a c t io n  began  as e a r ly  as 24 h o u rs  a f te r  inocu 

la t io n  and was c h a r a c t e r i z e d  by the p r e s e n c e  of two l a y e r s  of e p i 

th e l io id  ce l l s  su rround in g  a v e s se l .  The affected  a r e a  in c r e a s e d  

in s ize  over  a s ix -day  p e r io d .  The pa tho log ica l  change was c l a s s i 

f ied  as a g ranu lo m ato us  in f l a m m a to ry  r eac t io n .  None of the un in oc

u la te d  con tro l  c u l tu r e s  exhib ited  th is  reac t ion .

F u r t h e r  s tud ies  m u s t  be done to d e te rm in e  if the g r a n u lo m a 

tous r e a c t io n  was spec if ic  f o r  L . m onocytogenes  or if it was p roduced  

as a r e s u l t  of a nonspecif ic  i r r i t a n t .
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INTRODUCTION

The b eh av io r  of living t i s s u e  ce l ls  in the p r e s e n c e  of b a c t e r i a  

has  a lw ays c o n c e rn e d  the sc ien t i s t .  Maximow (1924) stated:  ' ' the

in t e r r e l a t i o n s  be tw een  t i s su e  e le m e n ts  and pa thogenic  m i c r o - o r g a n 

i s m s  cons t i tu te  a p ro b le m  which can  be su ccess fu l ly  a t t acked  with 

the aid of t i s s u e  c u l t u r e . 1' The use  of t i s s u e  cu l tu re  to study the 

b e h a v io r  of L i s t e r i a  m onocytogenes  was under taken  in the hope of 

c a re fu l ly  con tro l l ing  the r e a c t io n  of the ce l l s  to th is  o rg a n i sm .  The 

t i s s u e  cu l tu re  s y s te m  is  f r e e  f r o m  m any uncon tro l lab le  f a c to r s  so 

often p r e s e n t  in  an im al e x p e r im en ta t io n .

Since M u r ra y ,  Webb, and Swann (1926) f i r s t  d e s c r ib e d  L. m o n o - 

cy togenes as the  cau sa t ive  agent  of l i s t e r i o s i s ,  the d i s e a s e  has  been 

found to have wo r id -w ide  d is t r ib u t io n  in dom est ic  and wild an im a ls .  

This  o rg a n i s m  is a  g r a m -p o s i t iv e  rod  and has been  confused with 

o the r  m i c r o o r g a n i s m s  such as those  of the genus C o rynebac te r i u m .

It has been  d i s c a r d e d  as a con tam inan t ,  or  com ple te ly  over looked  

in m any  d iagnostic  l a b o r a to r i e s  s ince m any w o r k e r s  have r e p o r t e d  

diff iculty in i so la t in g  L. m onocy togenes  and a r e  quite u n fam i l ia r  with 

the c h a r a c t e r i s t i c s .  G ra y  et a l . (1948) d e s c r ib e d  a m ethod  w hereby  

m a c e r a t i o n  of the t i s s u e  was fol lowed by r e f r i g e r a t i o n  and th is

1
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i n c r e a s e d  the p robab i l i ty  of iso la t ing  the o rg a n i sm .  This has  been  

c o n f i rm e d  by m any  w o r k e r s .  P e r h a p s  b ecause  of the confusion  in 

id en ti f ica t ion  and diff iculty in iso la t ion ,  the o c c u r r e n c e  of L. m o n o 

cy togenes  in m an  has been  som ew hat overlooked.  Very  r e c e n t  work  

in G e rm a n y  in d ica te s  the p o ss ib i l i ty  of a m u ch  h igher  inc idence  in 

m a n  th an  p re v io u s ly  rep o r ted .  The m i c r o o r g a n i s m  has been  i s o la te d  

f r o m  tw e n ty - s e v e n  sp e c ie s  of an im a ls  and th e re  a re  ind ica t ions  that  

the l i s t  of suscep t ib le  h o s ts  will i n c r e a s e  (M urray ,  1955). The o c 

c u r r e n c e  of l i s t e r i c  ou tb reaks  in dom estic  an im a ls  m ay  be a s s o c ia t e d  

with the inc idence  of th is  o rg a n ism  in wild an im a ls

In addit ion  to wide host  su scep t ib i l i ty ,  h .  monocytogenes  m a n 

i f e s t s  i t s e l f  in d i f fe ren t  h os ts  in  a v a r ie ty  of ways.  F o r  exam ple ,  

the  fac t  tha t  h .  m onocytogenes  ca u se s  a s e v e r e  m onocy tos is  in r a b 

b i t s  but  not in ca t t le ,  is in no way connected  with a d i f fe rence  in 

s t r a in .  L. m o n o cytogenes in fec t ion  in goa ts ,  ca t t le ,  and sheep p r o 

duces en cep h a l i t i s  and the o rg a n is m  can be i so la ted  f r o m  the m edu l la  

oblongata.  B r a in s  of in fec ted  sheep have puru len t  l e s io n s  while those  

of ca t t le  do not. Inocula ted  l a b o r a to r y  rabb it s  usua lly  show g e n e r 

a l ized  in fec t ion  and exhibit  foca l  n e c r o s i s  of the l iv e r  and spleen .

L .  m o n o cytogenes  often has been  a s so c ia te d  with in fec t ious  

m o n o n u c leo s is .  The o rg a n i s m  has  been  i so la ted  f ro m  the blood of



ind iv idua ls  suffe r ing  f r o m  infect ious m ononuc leos is  by Nyfeldt (1929), 

Schm id t  and Nyfeldt  (1938), P o n s  and Ju l iane l le  (19 39), and Webb 

(1943). H ow ever ,  th i s  o rg a n i s m  has  n e v e r  p ro d u ced  sheep e r y t h r o 

cyte agglu tin ins  in the rabb it  (G i ra rd  and M u r ra y ,  1951).

A b o r t io n s  due to L.  m onocytogenes  have been  d e s c r ib e d  in 

c a t t le ,  sheep ,  goa ts ,  swine,  and rab b i ts  (M urray ,  1955). Rabbits  

in fec ted  during  g e s ta t io n  always a b o r ted  a f te r  the f i r s t  exposu re  and 

occas io n a l ly  ab o r te d  during a succeeding  ges ta t io n  p e r io d  as  a r e su l t  

of th i s  in i t ia l  in fec t ion  (Gray et a l ., 1955, 1955a). The fac t  that 

the  o r g a n i s m  a p p a ren t ly  p e r s i s t e d  in the rep roduc tive  t r a c t  fo r  some 

t im e  m a y  ind ica te  the p o ss ib i l i ty  of an in t r a c e l l u l a r  ex is ten ce .  A b o r 

t ions  in hum ans  r e p o r t e d  f ro m  the e a s t e r n  s e c to r  of G e rm a n y  have 

b e e n  a t t r ib u te d  to L.. m onocytogenes  and P o te l  (195 4) d e s c r ib e d  a 

d i s e a s e  of the new born  which he ca l led  g ra n u lo m a to s i s  inf antis  e p t i c a . 

This  work  ind ica ted  the o c c u r r e n c e  of a g ranu lom atous  in f la m m a to ry  

r e s p o n s e .

F r o m  the fo rego ing  d is c u s s io n  it is evident that  L. m onocy to 

genes and the  l e s io n  which it p ro d u c e s  offer  co n s id e rab le  challenge 

fo r  f u r t h e r  r e s e a r c h .  In view of the appa ren t  d i f fe rences  in t i s s u e  

r e a c t io n  re su l t in g  f r o m  an in fec t ion  with L,. m o n o c y to g e n e s , it was 

sugges ted  tha t  t i s s u e  cu l tu re  would afford  a m ed ium  w hereby  the d e 

ve lopm en t  of the l e s io n  could be o b se rv e d  under co n t ro l led  condit ions



HISTORICAL BACKGROUND

In an  a t tem p t  to study  cel l  functions and the e ffec ts  of e n v i r o n 

m e n t ,  Roux i so la te d  the m e d u l l a ry  p la te  of a ch icken  em b ry o  in a 

w a r m  sa l ine  so lu t ion  as  e a r ly  as 1885. This  was not r e p o r t e d  until  

1923 when he p ro v e d  tha t  the c lo s u re  of the m e d u l la ry  tube was a 

func t ion  of i ts  cons t i tuen t  ce l ls  and not of m ech an ica l  p r e s s u r e  f r o m  

n e a rb y  s t r u c t u r e s .

In 1897, L ju n g g re n  was able to keep t r a n s p la n t s  of hum an  skin 

al ive fo r  weeks in  a sc i t i c  fluid.

Loeb (1902) d i s c o v e re d  tha t  it was p o ss ib le  to obtain ou t

g row th  of c e l l s  in p l a s m a  clots  or  on ag a r  shee ts  p la ced  b en ea th  

the e p id e r m i s  of the e a r  of a rabb it .  H a r r i s o n  (1907) was the f i r s t  

to ob se rv e  ce l l  g row th  under  the m ic r o s c o p e .  He r e c o rd e d  the d e 

ve lopm ent of ne rve  f ib e r s  a f te r  implanting  f r a g m e n ts  of em bryon ic  

f ro g  n e u ra l  tube in f ro g  lymph.

B u r ro w s  (1910) o b se rv e d  cel l  m i to s i s  in v i tro  and C a r r e l  and 

B u r ro w s  (1910) developed the coagula ted  m ed ium  technique  as i t  is 

known today.

It was soon r e a l i z e d  tha t  coagula ted  p l a s m a  alone did not con 

ta in  all the su b s ta n c e s  n e c e s s a r y  fo r  continuous ce l l  growth.  C a r r e l

4
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(1912) f i r s t  u sed  e m b ry o  e x t r a c t s  and m ade  l o n g - t e r m  t i s s u e  cu l tu re  

p o s s ib le .  As a r e s u l t  he m a in ta ined  a s t r a i n  of f ib ro b la s t s  f o r  over  

th i r ty  y e a r s .

L ew is  and Lew is  (1911) p io n e e red  the f luid m ed iu m  technique 

b y  employing  v a r io u s  com bina t ions  of sa l t  so lu t ions ,  buffe r  s y s t e m s ,  

and s e r u m .  L ew is  (1916) used  sea  w a te r  as a m ed ium  fo r  t i s s u e s  

in v i t r o .

The  im p o r ta n c e  of p ro te in s  in cel l  nu t r i t io n  was r e a l i z e d  

when C a r r e l  (1913) d i s c o v e re d  tha t  e x t r a c t s  of t i s s u e s  a c c e l e r a t e d  

the g row th  of f ib ro b la s t s .  The use  of a so lut ion containing i r r a d i a t e d  

beef  p l a s m a ,  W it te 's  pep tone ,  hem in ,  cys t ine ,  insu lin ,  thy rox in e ,  g lu 

c o se ,  and s a l t s  was r e p o r t e d  in 19 33 by Vogelaar  and E r l ic h m a n .

B a k e r  and Ebeling (1939) dev ised  a f lu id  containing m o re  

amino ac id s ,  h o rm o n e s ,  and nucleic ac ids  than  p rev io us  w o rk e r s  

had  r e p o r t e d .  The nu tr i t iv e  and m ain tenance  value of the m ed ium

was im p ro v e d  with these  supp lem en ts .

The fo rego in g  s tud ie s  d e m o n s t r a te d  the im p o r ta n t  ro le  of p r o 

t e in s  and p r o t e in  deg rad a t io n  p ro d u c ts  in the nu t r i t ion  of an im al  

ce l l s  in t i s s u e  cu l tu re ;  and a lso  e m p h a s iz ed  tha t  s e r u m  or  em bryo  

e x t r a c t  could not be e l im in a te d  f r o m  the m edium .

S im m s (1936) and S im m s and S anders  (1942) r e p o r t e d  the use

of s e r u m  u l t r a f i l t r a te  as a b as ic  m ed iu m  fo r  t i s s u e  c u l tu re s .  This
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f lu id  conta ined  a su bs tance  which s t im u la ted  the growth  of d o rm an t  

adult  t i s s u e s  in v i tro .

F i s c h e r  (1946) s u m m a r i z e d  the work  on t i s s u e  cu l tu re  fo r  the 

p re v io u s  twenty  y e a r s .  It was ap p a ren t  f r o m  this  rev iew  tha t  during  

th is  p e r io d  c o n s id e ra b le  a t ten tion  had been  given to c e l lu l a r  n u t r i t io n  

with sp ec ia l  r e f e r e n c e  to g ro w th -p ro m o t in g  subs tances  and the n i t r o 

gen  m e ta b o l i s m  of t i s s u e  c u l tu re s .

As e a r ly  as 1926, B ak e r  and C a r r e l  s tud ied  the p ro te in  f r a c 

t ion  of e m b ry o n ic  t i s s u e  e x t r a c t  and found that  f ib ro b la s t s  g rew  

f a s t e r  in th is  f r a c t io n  than  in o th e r s .  This  p o r t io n  co n s is te d  of a 

m ix tu re  of nu c leo p ro te in  and g lycopro te in .  F i s c h e r  (1941) f r a c t i o n 

a ted  e m b ry o  t i s s u e  juice  and r e p o r t e d  tha t  the g ro w th -p ro m o t in g  

f a c to r  was a s s o c ia t e d  with the nucleopr  ote in p o r t ions  and t e r m e d  it 

em b ry o n in .

F i s c h e r  e t  a l . (1948), employing a m ix tu re  of b io log ica l ly  

im p o r ta n t  su b s ta n c e s ,  dev ised  a m ed ium  known as V-605. One of 

the m o s t  im p o r ta n t  amino acids in V-605 was found to be cys t ine ,  

s ince  i ts  absence  p r e v e n ted  growth.  Arg in ine ,  t ryp to phane ,  g lu tam ine ,  

and ly s in e  w ere  found to be n e c e s s a r y  in this  o r d e r  of d e c re a s in g  

im p o r ta n c e  .

M organ ,  M orton ,  and P a r k e r  (1950), using the build ing-up  

m e th o d ,  deve loped  a ve ry  co m p l ica ted  m ed ium  known as 199- This
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is  c h a r a c t e r i z e d  by a com ple te  supp lem ent of amino  acids  and v i t a 

m in s  in addit ion  to nucle ic  ac id  co n s t i tu en ts ,  p u r in e s ,  p y ra m id in e s ,  

and p e n to s e s .  Tween 80 was used  in th i s  m ix tu re  to supply a sou rce  

of fa t ty  ac id  and a ided in d isso lv in g  fa t - so lu b le  v i tam ins  and c h o l e s 

t e r o l  .

An adequate  m ed iu m ,  com ple te ly  synthetic ,  has not yet been  

dev ised .  The e la b o ra t io n  of such a m ed ium  is the goal of the t i s 

sue c u l tu re  w o rk e r  but the a t ta in m en t  of th is  goal does not s e e m  

c lo se  at hand.

P l a s m a  clot  c u l tu re s  grown on c o v e r s l ip s  as u sed  by C a r r e l  

(1912) p ro v id ed  a s a t i s f a c to ry  m ethod  fo r  cu lt ivat ion .  Sometime 

l a t e r ,  C a r r e l  (1913a) cu lt iva ted  t i s s u e s  in tubes  which w ere  l ined 

with a th in  coagulum  of p l a s m a  and em bryo  e x t r a c t .  This  e a r ly  

w ork  was the  b a s i s  fo r  the  p r e s e n t - d a y  r o l l e r - tu b e  technique.  How

e v e r ,  Gey (1933) made the r o l l e r - t u b e  a p r a c t i c a l  sy s tem  of c u l t iv a 

t ion.  P o r t e r  et a l . (1945) dev ised  a f la sk  with a long s t ra ig h t  neck 

to f it  a r o l l e r - t u b e  rack .  Today th is  f la sk  b e a r s  the name of the 

s e n io r  au th or .

Until r e c e n t ly  the p l a s m a  clot cu ltu re  was the m o s t  s a t i s f a c 

to r y  m e thod  ava i lab le ,  but t h e r e  a r e  many l im i ta t io n s .  The clot is  

dif f icult  to handle b ecau se  the o p e ra to r  m u s t  be able to con tro l  the
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clot t ing m e c h a n i s m .  The clot i n t e r f e r e s  with m ic ro s c o p y  b e c a u se  

of i t s  t h i c k n e s s ,  and l iquefac t ion  o c c u r s  during ce l lu la r  growth  and 

then  the clot  m u s t  be r e p a i r e d .  E vans  and E a r l e  (1947) re p la ce d  

the  p l a s m a  clot with p e r f o r a t e d  ce l lophane.  This  new s u b s t r a te  

m a k e s  p o s s ib le  the un ifo rm  d i s p e r s io n  of ce l ls  over  the  su r face  of 

the cu l tu re  f l a s k  so tha t  the ce l ls  can  be s c r a p e d  off the g l a s s -  

ce l lophane  in te r f a c e  and t r a n s f e r r e d  as a suspens ion .  With the 

c e l l s  outside  the  conf inem ent of the  clot,  s ingle cel l  cu l t iva t ion  was 

p o s s ib le  (Sanford et a l ., 1948).

The use  of ce l l s  g rown on g la ss  o r  ce l lophane p rov ides  a 

m e a n s  fo r  a c c u ra t e ,  quanti ta t ive  work  with rep l ica te  c u l tu re s  (Evans 

et  a l . ,  1951). N u c le a r  counts can  be made in a hem ocy to m ete  r . It 

is  th en  p o ss ib le  to c o m p a re  the n u m b er  of ce l ls  o r ig ina l ly  p lan ted  

with counts m ade  a f te r  incubation  or  e x p e r im e n ta l  manipulat ion .

The need fo r  s u s p e n s io n -c e l l  c u l tu re s  fo r  v i ru s  p ropaga t ion  

s t im u la te d  S im m s and S ti l lm an  (19 37, 1937a) to devise  a method fo r  

the t r e a t m e n t  of k idney  t i s s u e  with t ry p s in .  These  au thors  r e p o r te d  

tha t  t r y p s i n  s t im u la ted  in i t ia l  g row th  due to the r em o v a l  of an inh ib 

i to ry  m a t e r i a l  f r o m  t i s s u e s  as a r e su l t  of a p ro teo ly t ic  act ion.  Rob

b in s ,  W e l le r ,  and E n d e r s  (1952) m ade  a s im i l a r  r e p o r t .

Dulbecco (1952), and Dulbecco and Vogt (1954) d e s c r ib e d  a 

m eth od  f o r  t r y p s in iz in g  t i s s u e  to obtain a m ono laye r  cu ltu re  to study
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a n im a l  v i r u s e s .  Youngner (1954) adapted  D ulbecco 's  m e th od  to p r e 

p a r e  t r y p s i n - d i s p e  r s e d  monkey k idney  cel l  su sp en s io n s  which w ere  

s t a n d a rd iz e d  and used  fo r  the p r e p a r a t i o n  of l a rg e  n u m b e rs  of r e p l i 

ca te c u l tu r e s .  Youngner  (1954a) u t i l iz ed  the t r y p s i n - d i s p e r s e d  monkey 

k idney  ce l l s  f o r  the t i t r a t i o n  of po liom yeli t is  v iru s  in r o l l e r - tu b e  

c u l tu r e s .  This  is  the b a s ic  m ethod  used  today fo r  the p roduc tion  of 

the p o l io m y e l i t i s  v i ru s  vacc ine .



REVUE OF LITERA TU RE

Although the  b e h a v io r  of t i s s u e  c e l l s  in v i tro  was stud ied  by 

C a r r e l  and o th e r s  in  the e a r l y  p a r t  of the tw en t ie th  cen tu ry ,  p a th 

o log is ts  and b a c te r io lo g i s t s  m ade  l i t t le  use of the opportunity  to study 

the r e a c t io n  of t i s s u e s  to b a c t e r i a  in this  m anner .

Smyth (1915) s tudied  the effect  of B . d ip h th e r i t i c u m , B. ty p h o s u s , 

B. coli  v e r u s , B. p r o d i g i o s u s , and M ic rococcus  a u re u s  on t i s s u e  cu l 

t u r e s  of h e a r t  and sp leen  f r o m  chickens .  The s t r a i n  of B. typhosus  

was not pathogenic  fo r  chickens  and it was found tha t  the o rg a n i sm  

did not l ive in f r e s h  ch icken  p la sm a .  Smyth r e a so n e d  that  s ince  

the o rg a n i s m  did not r e m a in  a l ive ,  the p l a s m a  conta ined b a c te r i c id a l  

p r o p e r t i e s ;  how ev e r ,  a f te r  s e v e ra l  hou rs  of incubation  with t i s su e  

exp lan ts  the o rg a n is m  g rew  well and had  a spec ia l  affinity fo r  the 

new c e l l s .  B. coli  v e ru s  and B. p r o d ig io s u s , which w ere  nonpatho- 

genic  to the ch icken ,  co lon ized  and the p r e s e n c e  of the t i s s u e  f r a g 

m en t  did not s e e m  to have any influence on the growth  of the  bac i l l i .

In t i s s u e  c u l tu re s  in fec ted  with M ic rococcus  a u r e u s , the bac i l lu s  

g rew  f r e e ly  in the p r e s e n c e  of the t i s s u e ,  and som ewhat d i s p e r s e d  

t i s s u e  growth.  Smyth (1916) e la b o ra te d  on some of his  e a r l i e r

10
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e x p e r im e n t s  and d e s c r ib e d  the effect  v a r io u s  t i s s u e s  e x e r t e d  upon the 

g row th  of b a c t e r i a .

L ew is  (1920) in t ro d u ced  B. typhosus  into t i s s u e  c u l tu re s  of 

ch icken  e m b ry o  in te s t in e .  He was unable to keep  t i s s u e  ce l l s  alive 

m u c h  beyond 24 h o u rs .  Soon a f t e r  in troducing  the b a c t e r i a  into the 

c u l tu r e s ,  l a r g e  vacuo les  a p p e a re d  in  the c e l l s ,  to g e th e r  with an i n 

c r e a s e  in  t h e i r  s ize  and n u m b e r .  Some of the vacuoles  conta ined 

b a c t e r i a  which r e m a in e d  al ive and moti le  within the vacuole.

Sm ith  e t  a l . (1922) studied  the b eh av io r  of ch icken  em bryo  

t i s s u e  conta ining av ian  tu b e rc le  b ac i l l i  and concluded tha t  the ce l ls  

w e re  not a t t r a c t e d  by the bac i l l i  and that  the p r e s e n c e  of the o r 

g a n ism  did not  induce any change in  the c u l tu re s .

An outstanding  p iece  of work  was r e p o r te d  by Maximow (1924) 

on the r e a c t io n  of m a m m a l i a n  t i s s u e s  in v i tro  to M ycobac te r ium  

tu b e r c u lo s i s .  Lym phoid  t i s s u e ,  m e s e n t e r i c  lymph nodes ,  and o m en 

tu m  w ere  g row n  in p l a s m a  clot c u l tu re s  and inocula ted  with one of 

two d if fe ren t  s t r a in s  of h um an  tu b e rc le  bac il l i .  One s t r a in  was 

highly v i ru len t  and the o the r  was av iru len t .  A f te r  the t i s s u e s  had 

b e e n  in cu l tu re  fo r  t h r e e  to five days the bac i l l i  w ere  added. M ax

imow found tha t  the b e s t  p ic tu re  of the re la t ionsh ip  be tw een  ce l ls  

and the b a c t e r i a  w ere  seen  at the p e r ip h e r y  of the explant  in the
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zone of newly f o r m e d  t i s s u e .  C u l tu re s  which w ere  in fec ted  with the 

v i ru len t  s t r a i n  w ere  able to o v e rc o m e  the infect ion  and a f te r  seven  

to eight  days only a few b a c i l l i  could be seen  in the c u l tu re s .  How

e v e r ,  the av i ru len t  s t r a in  com ple te ly  o v e rg re w  the t i s s u e  c u l tu re s  

a f te r  th r e e  weeks in v i t r o . He r e p o r te d  that  the t i s s u e  ce l l s  did not 

p e r i s h  in any of the cu l tu re s  inocula ted  with the v i ru len t  s t r a in  but 

r a t h e r  d i sp layed  a s e r i e s  of r eac t iv e  changes which duplica ted  the 

specif ic  tu b e rcu lo u s  in f l a m m a to ry  p r o c e s s .  It was po inted out tha t  

th is  w^.s in m a r k e d  c o n t r a s t  to the behav io r  of ce l ls  which becam e  

acc id en t ly  co n tam in a ted  with saprophytic  o r g a n i s m s ,  s ince in this  

c a se  the c e l l s  w ere  unable to r e s i s t  the influence of these  in t ru d e r s  

and w ere  soon k i l led .

As a r e s u l t  of th e se  e x p e r im e n t s ,  Maximow (19Z4) concluded 

tha t  the r e t i c u l a r  ce l l s  of the lymphoid  t i s s u e  d isp layed  the m ost  

s ign if ican t  reac t ion .  They m obi l ized  and fo r m e d  wandering cel ls  

and m a c ro p h a g e s  which w ere  nam ed  po ly b las ts .  The ce l l s  m ig ra te d  

into the m e d iu m  and phagocy t ized  the tu b e rc le  bac il l i .  Epithe l io id

and g ian t  ce l l s  developed and some of these  ce l ls  conta ined a golden
(

yellow p ig m en t  which was be l ieved  to be a re s idue  f r o m  i n t r a c e l l u 

l a r  d ig es t ion  of tu b e rc le  bac il l i .

Lang (19Z5) inocula ted  lung t i s s u e  in v i tro  with M . t u b e r c u l o s i s . 

Lung t i s s u e  was used  b ecau se  it p rov ided  a t i s su e  which was capable
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of p roduc ing  an  exudative  re a c t io n ,  and conta ined  c a p i l l a ry  endothelium  

and sep ta l  c e l l s .  He c la im e d  tha t  the endothe lium  of lung t i s s u e  did 

not p lay  a ro le but tha t  the sep ta l  ce l l s  w ere  the p r in c ip a l  act ive 

e l e m e n t s .  The l a t t e r  c o r r e s p o n d e d  to the m ob il iz ed  h is t io cy te s  and 

w ere  the phagocytic  am eboid  ce l ls  which engulfed the bac i l l i  and 

w ere  th en  t r a n s f o r m e d  into ep ithe l io id  ce l l s .  The ep ithe l io id  ce l l s  

w e re  a r r a n g e d  in t u b e r c le - l ik e  c lu s t e r s .  The tu b e rc le  bac il l i  in the 

t i s s u e  c u l tu re s  in f luenced  the e le m e n ts  of the explanted  t i s su e  by 

m e a n s  of the  soluble p ro d u c ts  of m e ta b o l i sm .  In  c u l tu re s  of lymphoid  

t i s s u e s  the endothelium  of blood v e s s e l s  a s s u m e d  an em bryon ic  fo r m ,  

Lang  did not m ake  any a t tem p t  to expla in  th is  l a s t  finding, but  i t  is 

m en t ioned  h e r e  b e c a u se  it s e e m e d  p e r t in e n t  in view of the  r e s u l t s  

of th is  work.

To study the r e s p o n s e  of leucocy tes  in t i s s u e  cu l tu re  to a 

S t r e p t o c o c c u s , King et a l . (1928) used  cu l tu re s  of the buffy coat  f ro m  

blood. The o rg a n i s m s  w e re  g row n 18 to 24 h o u rs  in b ro th  and d i 

lu ted  in T y r o d e ' s .  These  w o rk e r s  o b se rv e d  tha t  if 150,000 b a c t e r i a  

p e r  m i l l i l i t e r  w ere  p r e s e n t  the ce l l s  did not grow beyond 12 ho u rs .  

H ow ever ,  if only f ive b a c t e r i a  p e r  m i l l i l i t e r  w ere  added, c e l lu la r  

g row th  continued fo r  f ive days.  It was a lso r e p o r t e d  tha t  the p e r ip h e ry  

of the c u l tu r e s  in fec ted  with the b a c t e r i a  was c o a r s e  and g r a n u la r  in



14

c o n t r a s t  to tha t  of uninocula ted  c u l tu re s  which had a sm ooth  and u n i 

f o r m  ce l l  d is t r ib u t io n .

Uti l izing p u re  c u l tu r e s  of f ib r o b la s t s  and a g r a m - p o s i t i v e  

sap rophy te ,  T annenberg  (1929) r e p o r t e d  that  individual  b a c te r i a l  co lo 

n ie s  g rew  in the  c e n te r  of a f ib ro b la s t ic  " r i n g "  which was not sh a rp ly  

defined ,  but had f in g e r - l ik e  appendages.  Stained p r e p a r a t i o n s  r e v e a le d  

th e s e  f ib ro b la s t i c  ce l l s  to be f i l led  with b a c t e r i a  and he th e r e fo re  

a s s u m e d  tha t  the f i b r o b la s t s  phagocy tized  the o rg a n i s m s .  The f i b r o 

b l a s t s  conta ining b a c t e r i a  did not take  the n u c lea r  s tain,  indicat ing 

the p o s s ib i l i ty  of death.  C u l tu res  inocu la ted  with b a c t e r i a  did not 

g row  well  and evidence of fa t ty  d eg e rna t ion  was repo r ted .  As a 

r e s u l t  of th e se  s tu d ie s ,  i t  was conc luded that  m a c ro p h a g e - l ik e  ce l ls  

w e re  r e a l ly  d e g e n e ra te d  f o r m s  of f ib ro b la s t s .

A ro n so n  (1931) s tud ied  the specif ic  cytotoxic act ions of t u b e r 

c u l i n ' i n  t i s s u e  cu ltu re .  Using tu bercu lous  guinea p ig s ,  explants  of 

bone m a r r o w ,  sp leen ,  and t e s t e s  w e re  cu l tu red  in the p r e s e n c e  of 

tu b e rc u l in  f r o m  the hum an  and bovine type.  It was found tha t  the 

tu b e r c u l in  was toxic to the c e l l s ,  but when explants  of the sam e  t i s 

sues  tak en  f r o m  nontubercu lous  an im als  w ere  cu l tu red  in the p r e s e n c e  

of the sam e  tu b e rc u l in ,  t h e r e  was no toxic effect.

In o r d e r  to s tudy the behav io r  of T re p o n e m a  pa l l idum  in v i t r o , 

F o ld v a r i  (1932) and K as t  and K o lm e r  (1933) a t tem p ted  to grow this
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o r g a n i s m  in the p r e s e n c e  of living t i s s u e .  These  in v e s t ig a to r s  w ere  

u n s u c c e s s fu l  in th i s  endeavo r  and w ere  unable to come to any def

inite  conc lus ion  as to the r e la t io n sh ip  of this  o rg a n i s m  to the  hos t  

ce l l .

In an  ef fo r t  to o b se rv e  the c h e m o t ro p i s m  of po ly m o rp h o n u 

c l e a r  c e l l s ,  M cCutcheon  and Dixon (1936) r e p o r t e d  that  these  ce l l s  

exh ib ited  a pos i t ive  c h e m o t ro p i s m  to Staph, alb u s , Str .  h e m o ly t i c u s ,

M. t u b e r c u l o s i s , E). t y p h o s u s , and T. h i s to ly t i c a .

It is  well  known tha t  po ly m o rp h o n u c lea r  ce l l s  a r e  the f i r s t  

to a p p e a r  in the  a r e a  of in f lam m at ion  but  m onocytes  a lso play  a 

vi tal  ro le  in  combating  infect ions and rem oving  deb r is .  Herzog  

(1938) used  t i s s u e  c u l tu r e s  of hum an  leucocy tes  to study the ph ag o 

cytic  ac t iv i ty  to w ard  var ious  agents .  C om an  (1940) used  cu l tu re s  

of m onocy tes  to c o m p a re  the chem otax is  of m onocytes  with that of 

p o ly m o rp h o n u c le a r  le ucocy tes  and lym phocy te s .  He obtained m o n o 

cy tes  by explanting  sm a l l  p iece s  of r a t  omentum. After  two days of 

incuba tion ,  the m ig ra t in g  ce l l s  w e re  m ononuc lea r  phagocy tes .  The 

p o ly m o rp h o n u c le a r  ce l l s  w ere  grown f ro m  the buffy coat  of blood 

and ly m phocy tes  f r o m  the ra t  lym ph nodes.  The sub s tan ces  which 

w e re  t e s t e d  fo r  the chem otax ic  effect  w ere  p la ced  0.5 m m  f r o m  the

explan t  and v a r io u s  m ig ra t io n s  w e re  re c o rd ed .  It was concluded
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tha t  p o ly m o rp h o n u c le a r  ce l l s  exhib ited  a pos i t ive  chem otax is  to S. 

a u r e u s and M. t u b e r c u l o s is  but w ere  r e p e l l e d  by a lum ina  s i l ica .  

M onocytes and lym phocy te s  did not show a pos i t ive  chem otax is  to 

e i t h e r  o r g a n i s m  and m onocy te s  showed a v e ry  slight  negative  c h e m o 

tax is  to a lu m in a  s i l ica .

L a t e r  in ves t iga t ions  of T. pa l l idum  in t i s s u e  c u l tu re s  by P e r r y  

(1948) r e v e a le d  th a t  the o rg a n i s m  su rv iv ed  fo r  t e n  days and that  

g ian t  ce l l s  w e re  p roduced .  This  giant  ce l l  p roduc t ion  sugges ted  the 

p o s s ib i l i ty  tha t  they  w ere  a s s o c ia t e d  with a g ranu lom atous  i n f l a m m a 

to r y  re a c t io n .  It was a lso  r e p o r t e d  th a t  T . pa l l idum  did not grow 

if the  t i s s u e  died.

A llgow er  and Block (1949) studied  the effect  of tu b e rc le  bac i l l i  

on the m ig r a t io n  of phagocytes  in  v i t r o . T hese  w o rk e r s  found that  

leucocy t ic  m ig r a t io n  was inhibi ted if the c u l tu re s  w e re  in fec ted  with 

v i ru le n t  b a c i l l i  but if white ce l ls  w ere  inoculated  with av i ru len t  

b a c i l l i  th i s  m ig r a t io n  was not inhibi ted .  This som ewhat c o r r o b o r a t e s  

the  work  of A ro n so n  (1931).

It was not the in ten tion  of the w r i t e r  to p r e p a r e  a l i t e r a t u r e  

rev iew  on L. m onocytogenes p e r  se; that has been  done by S ee lige r  

and L in z e n m e ie r  (1953) and G ra y  (1954) and any repe t i t ion  h e re  would 

be su p e r f lu o u s .  Only those  p a p e r s  which w ere  co n ce rned  with the 

r e a c t io n  of the t i s s u e  to th is  b a c t e r iu m  will be reviewed.
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A fte r  M u r r a y ,  Webb, and Swann (1926) d e s c r ib e d  the se v e re  

m o n o cy to s i s  p ro d u c e d  in rab b i ts  by L. m onocy t o s i s ,  m any  in v e s t ig a to r s  

began  to use  th is  o rg a n i s m  to study the c o n t ro v e r s i a l  ques t ion  of the 

o r ig in  of the monocyte .

B loom  (1928) concluded tha t  the monocyte developed by ind i 

vidual  t r a n s f o r m a t i o n  of the lym phocy te s  in the blood; e sp e c ia l ly  in 

the s in u se s  of the  sp le e n  and l iv e r .  Sp lenec tom ized  rabb i ts  inocu la ted  

with L. m onocytogenes  developed m onocy tes  f r o m  the  bone m a r ro w .

He s ta te d  th a t  m o n o b la s t s  did not ex is t  and d if fe ren t ia ted  m onocy tes  

f r o m  f r e e  h i s t io c y te s .

Lang  (1928) rev iew ed  the l i t e r a t u r e  on the monocyte quest ion ,  

but did not com e to any defini te  conclusion.

Nyfeldt (1932) in jec ted  rab b i ts  with L,  monocytogenes and found 

no cy togenic  c e n te r s  fo r  m onocy tes .  He s ta ted  tha t  t h e r e  was no 

t r a n s i t i o n a l  p r o c e s s  f r o m  m y e lo b la s t  to monocyte but that  m onocytes  

ca m e  f ro m  the s t im u la t ion  of lym phatic  t i s s u e .

H e z z es i  (1933) and Wallbach (1934), studying rabb i ts  infected 

with L. m o n o c y to g e n e s , concluded tha t  the m os t  im p o r tan t  cel l  in 

th i s  d i s e a s e  was the monocyte .

Conway (1938, 1939) inves t iga ted  the r e a c t io n  of rabbit  l y m 

phatic  t i s s u e  to in jec t io ns  of L. m o n o c y to g e n e s . M ic ro sco p ica l ly  the
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sp len ic  r e s p o n s e  was c h a r a c t e r i z e d  by the m o v em en t  of lym phocy tes  

f r o m  lym pha t ic  t i s s u e  of the p e r i a r t e r i a l  shea th s  into the r e d  pulp. 

The r a te  of fo rm a t io n  of new lym phocy tes  in  the shea th s  in i t ia l ly  

was g r e a t e r  th an  the ra te  of de s t ru c t io n .  It was conc luded that  the 

ly m p h o cy tes  w ere  a s s o c ia t e d  with the t r a n s i t io n a l  f o rm  of monocytoid  

ly m p h o cy te s .  The m onocy te s  which w ere  seen  in the r e d  pulp,  d e 

veloped  by indiv idual  h y p e r t ro p h y  and t r a n s f o r m a t io n  of the ly m p h o 

cyte s .

It is known th a t  the iden ti f ica t ion  and i so la t io n  of L. m o n o cy 

togene  s has  been  over looked  on many occas ions .  B u rn  (1934, 1935, 

1936) r e p o r t e d  the i so la t io n  of an unidentif ied  g r a m -p o s i t iv e  bac i l lu s  

a s s o c i a t e d  with m en in g o en cep h a l i t i s .  The o rg a n ism  was found in the 

b lood of th r e e  new born  infants  who had died of m en ingoencephal i t i s .

In two of the infants  the b a c t e r i a  w ere  s p re a d  throughout a l l  o rgans .  

A f te r  m uch  study and r e s e a r c h ,  it was concluded that  this  o rg a n i sm  

was of the genus L i s t e r i a ,

P o te l  (195Z) in the e a s t e r n  s e c to r  of G e rm a n y  r e p o r te d  a 

dis ea se  of the new born  which he ca l led  g ran u lo m a to s is  in fan t i sep t ica  

and f i r s t  nam ed  the causa t ive  o rg a n ism  as C o ry n eb ac te r iu m  in fan t i 

s e p t i c a . H ow ever ,  in a d i s c u s s io n  following the p re s e n ta t io n  of this  

p a p e r ,  S e e l ig e r  s ta ted  tha t  he was of the opinion that  the e t iologic
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agent  of th is  d i s e a s e  was L . m o n o c y to g e n e s . Since tha t  t im e  many 

r e p o r t s  conce rn ing  the et iology and epidemio logy  of g ra n u lo m a to s i s  

inf ant i sep tic  um have been  made by P o te l  (1953, 1954), R ie s s  (1953), 

E r d m a n n  and P o te l  (1953), Hahnefeld  and Nisolk (1954), and Hahne- 

fe ld  (1954).

The h is topathology  of l i s t e r i o s i s  has  not been  well  defined.

The m o s t  com m only  d e s c r ib e d  le s io n  is n e c ro s i s  involving m o s t ly  the 

sp leen ,  l i v e r ,  and b ra in .  Bloom (1928a), in d e sc r ib in g  the fo rm a t io n  

of the a b s c e s s  a s s o c ia t e d  with L. monocytogenes infect ion ,  s ta ted  

tha t  the  t r a n s f o r m a t i o n  of lym phocy tes  to monocytes  could be seen  

a t  the p e r ip h e r y  of the splenic a b s c e s s .  He did not be l ieve  tha t  

the v a s c u la r  endo the lium  gave r i s e  to the exudative ce l l s  s een  in 

the a b s c e s s e s .

J e n s e n  and M ackey  (1949), studying l i s t e r i o s i s  in  ca t t le  and 

sheep ,  r e p o r t e d  that  the changes co n s is ted  of foci  loca ted  in  ne rve  

t i s s u e  p r o p e r .  T hese  foci  conta ined  p la s m a  ce l l s ,  m a c ro p h a g e s ,  

and neu t ro p h i ls .  They o b se rv e d  phagocy tos is  of the o rg a n ism  by the  

m o n o n u c le a r  m a c ro p h a g e s .

Ju l ian e l le  and M oore  (1942) d e s c r ib e d  the pa thologica l  changes 

in the eye as cons is t ing  of a r e a s  of focal  n e c r o s i s .  In e v e ry  a b 

s c e s s  which they  s tudied  th e r e  w ere  many m ononuc lea r  ce l ls  at the
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p e r i p h e r y  and they thought th is  to be a s t ran g e  finding since  the 

n e c r o s i s  was c a u sed  by a pyogenic o rg a n ism .

H ag em an n  e t  a l . (195 3) d e s c r ib e d  the his topathology caused  

by L. m onocy to genes  in fec t ion  in the newborn .  L iv e r  le s ions  w ere  

c h a r a c t e r i z e d  by l a r g e ,  rounded a r e a s  containing a dense  c a p i l la ry  

ne tw ork  and a few a troph ic  p a ren ch y m a to u s  ce l l s .  The ca p i l la ry  

endo th e l iu m  p r o l i f e r a t e d  and some of the ce l l s  contained  f a t - l i k e  

d ro p le t s  and d e sq u a m a ted  n u c le a r  f r a g m e n t s .  These  w o rk e r s  c l a s 

s if ied  the  l e s io n  p ro d u ced  by L .  m onocytogenes  accord ing  to two 

p o s s ib le  r e a c t io n s  and f a te s .  One l e s io n  was c h a r a c t e r i z e d  by an 

i n c r e a s e  in m e se n c h y m a l  ce l l s  re su lt in g  in  an i n c re a s e  in r e t i c u l a r  

c e l l s ,  h i s t io c y te s ,  m o n o c y te s ,  and ep ithe l io id  ce l l s .  This  was ca l led  

a " g r a n u l o m a "  and was not seen  in all c a s e s  of infect ion.  B a c t e r i a  

w e re  se ld om  s e e n  or  i s o la te d  f ro m  these  le s io n s .  The second and 

m o s t  f req u en t ly  o b s e rv e d  l e s io n  was c h a r a c t e r i z e d  by n e c r o s i s .  

H ag em an n  et  a l . be l ieved  the n e c r o s i s  to be due to the ac t ion  of a 

tox in  o r  to the o rg a n i s m  i t se lf  r a t h e r  than  to the o b l i te ra t io n  of the 

c a p i l l a r i e s .  With the beginning of the n e c r o s i s  th e re  was a c e n 

t r i p e t a l  in f i l t r a t io n  of the c a p i l la ry  ce l l s .  These  endothelia l  ce l ls  

began  to engulf  the whole a r e a .  At this  t im e  the nuclei  becam e  

e longa ted  and took the f o r m  of ro d s ,  dum bbell s ,  hooks, c lubs,  and
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o th e r  b i z a r r e  shapes .  These  p ro l i f e r a t in g  c a p i l l a ry  ce l l s  which 

f o r m e d  a p ro l i f e r a t i n g  " g r a n u l o m a "  w ere  the same as those  d e 

s c r ib e d  in the p re v io u s  type of le s ion .

Simon (1953), in re p o r t in g  on l i s t e r i a  encep h a l i t i s ,  d e s c r ib e d  

the  p r e s e n c e  of r a i s e d  a r e a s  on the m eninges  ca l led  Md i s c - l i k e "  

in f i l t r a t io n s  of a g ra n u lo m a  c h a r a c t e r  with packed  h is t iocy tes  and 

an  i n c r e a s e  of L . m onocy togenes  o rg a n i s m s .  In the a r e a  of the su lc i  

t h e r e  was a lo w -g ra d e  v a s c u la r  p ro l i f e ra t io n .  He r e p o r te d  the p r e s 

ence of " g r a n u l o m a s "  in  the o u te r  and m ed ia l  m eningea l  l a y e r s .  

Simon s ta te d  tha t  in the p e r i v e n t r i c u l a r  a r e a  th e re  was f luid which 

con ta ined  m any  L i s t e r i a e ,  and tha t  th is  p roduced  a m ech an ica l  toxic 

p r o c e s s  which c a u se d  some h is to ly s i s  fo l lowed by m esen ch y m al  cel l 

p r o l i f e r a t i o n .  This  new cell  f o rm a t io n  p roduced  the g ran u lo m a  or 

" l i s t e r o m a "  and these  fo rm a t io n s  were  connected  with the  c a p i l la ry  

t i s  sue .

H agem ann  et  a l . (195 3) r e p o r t e d  that  in the  s t i l lb o rn ,  the 

p r i m a r y  p r o l i f e r a t i o n  was the r e s u l t  of i n c r e a s e d  m e se n c h y m a l  r e 

ac t ion  in which the e n t i r e  connective t i s s u e  took p a r t .  L,. m o n o cy - 

togenes  was not often o b se rv ed  in the g ranu lom as .

The g e n e ra l  opinion of th e se  G e r m a n  w o rk e r s  was tha t  the 

c a p i l l a r y  endo the lium  often p layed  a vital ro le  in the fo rm a t io n  of
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MATERIALS AND METHODS 

G la s s w a r e  and In s t ru m e n t s

M ost  g l a s s w a r e  and in s t r u m e n t s  w ere  w ashed  in H e m o - s o l , * 

r in s e d  once in tap  w a te r  fol lowed by th re e  d i s t i l l e d -w a te r  r i n s e s ,  

and s t e r i l i z e d  in  a h o t - a i r  oven at a t e m p e r a t u r e  not in  e x c e s s  of 

140° C. f o r  one h o u r .  C a p i l la ry  p ipe t tes  with ru bbe r  bulbs w ere  auto 

c laved .

P h y s io lo g ica l  Salt Solutions

P h o sp h a te  bu f fe red  sal ine  (PBS). B uf fe red  sa l ine  was used  

fo r  p r e l i m i n a r y  w ashes  of t i s s u e s .  The w a te r  which was used  as 

a di luent  was t r ip le  d is t i l l ed  in p y r e x  and au toclaved  im m ed ia te ly  

be fo re  using.  The com pos it io n  was as follows:

NaCl . .............................................................. 8 .0 g.

K C 1 ...................................................................... 0 .2  g.

Na H P O , ..................................................... 1 . 15 g.2 4
K H  P O  .....................................................  0.  2 g.

C a C l 2   0.  1 g.

M gC l2 - 6HOH .......................................... 0. 1 g.

H O H   1000.0 m l

* M einecke &c Co., Inc. ,  New York,  N. Y.

2 3
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M edium  199. The synthetic  medium of M organ  et a l . (1950) 

was  u sed  as the  b a s ic  cons t i tuen t  of the n u t r ie n t  f luid.  This  m ed ium  

was ob ta ined  f r o m  P a r k e  Davis and Co.,  D e t ro i t ,  Michigan.  The pH 

of th is  so lu t ion  was ad ju s ted  to 8.0 with s t e r i l e  N a H C O ^

P l a s m a

H om ologous rabb it  p l a s m a  was used  th roughout this  study.

A. n o rm a l  rab b i t  was b led  by c a rd ia c  p u n c tu re .  A pprox im a te ly  25 

m l  of blood was d raw n  into a 30-m l  sy r inge  containing 5 m l of a 

1:500 iso ton ic  h e p a r in  solution. This  amount of h e p a r in  de layed  

clot ting fo r  s e v e r a l  h o u r s .  The blood was cen t r i fuged  at a  m o d e r 

ate speed  f o r  ten  m in u te s .  The p l a s m a  was im m e d ia te ly  r e m o v e d

and s to r e d  in an  ice bath .

E m b ry o n ic  E x t r a c t

E m b ry o n ic  e x t r a c t  was p r e p a r e d  f r o m  n in e -d a y -o ld  ch icken  

e m b ry o s .  The eggs w ere  opened and the e m b ry o s  a s e p t ic a l ly  r e 

m oved.  A f te r  f i r s t  rem ovin g  the  e y e s ,  to e l im ina te  the p igm en t  

which often m a k e s  a cloudy e x t r a c t ,  the e m b ry o s  w e re  ground in a 

t i s s u e  g r in d e r  and ap p ro x im a te ly  2 m l of m ed ium  199 was added 

fo r  e a c h  c r u s h e d  e m b ry o .  The m ix tu re  was p laced  in an in cu b a to r
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at  37° C fo r  one h o u r ,  cen tr ifuged ,  and the su p e rn a tan t  f luid rem oved  

with a p ipe t te .  The e x t r a c t  was di luted  with an equal  amount of 

m e d iu m  199, and the m ix tu re  was s to re d  in a deep f r e e z e  at -27° C.

B a c t e r i a l  C u l tu res

The cu l tu re  of L i s t e r i a  m o n ocytogenes  used in this  study was

i s o la t e d  in 1951 f r o m  the b r a in  of a calf . The b a c te r i a l  cu l tu re

was p r e p a r e d  f o r  use  in t i s su e  cu l tu re  in the following m a n n e r .  The 

g row th  on a 24 -h o u r  t r y p to s e  a g a r  s lan t  was washed off with s t e r i l e  

sa l ine .  This  su sp en s io n  was d i lu ted  with sa l ine  and the densi ty  r e a d  

in a Cenco S h ea rd  Sanford p h o te lo m e te r  using the 0.5 tube of a 

M c F a r la n d  n e p h o lo m e te r  as s tan d a rd .  One drop of this  b a c te r i a l  

su sp e n s io n  was added to the t i s s u e  c u l tu re s  f r o m  the  tip of a 27

gauge needle  a t tached  to a 5 -m l  sy r in ge .

T is su e  C u l tu res

All  t i s s u e  cu l tu re  work  was c a r r i e d  on in an  a s b e s to s - l in e d  

hood, lo c a te d  in the cu l tu re  room. The hood was thoroughly  washed 

and the a r e a  sub jec ted  to u l t r av io le t  r a y s  for  se v e ra l  hou rs  p r i o r  

to the beginning of e ach  e x p e r im en t .
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P r o c u r e m e n t  of t i s s u e s . A. sm a l l  au topsy  room ,  s e p a ra te  

f r o m  the cu l tu re  ro o m ,  was used  fo r  obtaining the an im al t i s s u e s .

The s t a in le s s  s te e l  bench  was w ashed  down p r i o r  to the beginning 

of the ope ra t ion .  A n o rm a l  rabb i t  was p laced  ven t ra l  side u p p e rm o s t  

on a m e ta l  t r a y .  The h a i r  was cl ipped as sho r t  as  p o s s ib le ,  the 

e n t i r e  s u r fa c e  sponged s e v e ra l  t im e s  with 70 p e rc en t  alcohol , a 

c a rd ia c  p u n c tu re  m a d e ,  and the an im al exsanguinated .  Blood was 

co l le c ted  a se p t ic a l ly  to p rov ide  p l a s m a  fo r  p r e p a r in g  c lo ts .  A f te r  

b leed ing ,  the abdom in a l  su r face  was sponged with alcohol ,  the skin 

in c i s e d  and r e f le c te d ,  being  ca re fu l  not to in c ise  the abdominal  m u s 

c le s .  The m u s c le  su r face  was wiped with alcohol  to rem ove  any 

h a i r s  which m ight  con tam in a te  the a r e a .  The m u s c le s  and pe r i to n iu m  

w e re  in c i s e d  with a s t e r i l e  knife,  the sp leen  rem oved  and p laced  

im m e d ia te ly  in s t e r i l e  P e t r i  d i sh es .

Method of cu l tu re .  The sp leen  was w ashed  twice with PBS 

to rem o v e  any su r face  blood,  and was m inced  into p iece s  a p p ro x i 

m a te ly  1 m m  sq u a re  with sh a rp  s c i s s o r s .  The m inced  t i s s u e s  w ere  

w a sh e d  th r e e  t im e s  with PB S fo l lowed by two washes with m ed ium  

199. T i s s u e s  w e re  al lowed to r e m a in  in m edium  199 until explanted.

The double co v e r  s lip m ethod  of Maximow (1925) was used  in 

th i s  s tudy.  L a r g e  c o y e r  g l a s s e s ,  40 x 50 m m ,  w ere  p laced  on s te r i l e
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b lack  p o r c e l a in  t i l e s  and co v e red  with the bottom  or top of a s t e r i l e

P e t r i  dish .  One drop of s t e r i l e  w a te r  was p la ced  on the c e n te r  of

the c o v e r  g l a s s  and a s t e r i l e ,  round, 2 2 -m m  c o v e rs l ip  was p laced  

on the d rop  of fluid and a d h e red  t ightly to the l a rg e  cover  g la s s .

The explan t  was p laced  on the round c o v e rs l ip  and one drop of the 

n u t r ie n t  m e d iu m  was added with a p ipe t te .  The nu tr ien t  m ed ium  

c o n s i s te d  of one p a r t  of m ed ium  199, one p a r t  of p la s m a ,  and one 

p a r t  of e m b ry o  e x t r a c t .  Some of the t i s s u e  cu l tu re s  w ere  inocula ted  

with one drop of the s t a n d a rd iz e d  b a c t e r i a l  su sp en s io n  as d e s c r ib e d  

p re v io u s ly .  A. drop of s t e r i l e ,  m e l te d  p e t ro la tu m  was p laced  at 

e ach  c o r n e r  of the la rge  cove r  g la s s ,  a l a rg e  d e p re s s io n  slide was 

p la c e d  over  the cu l tu re  and a f te r  clotting o c c u r r e d ,  the  en t i re  p r e p a 

ra t io n  was in ve r ted .  The cu l tu re  was sea led  with m e l ted  p a ra f f in  

to p r e v e n t  ev ap o ra t io n  of the f lu ids .  A fte r  the pa ra f f in  was se t ,  the 

slide was  p la c e d  in  a r a c k  in an in v e r te d  pos i t ion  in o rd e r  to p r o 

vide a lying drop in s tead  of a hanging drop.  The cu l tu res  w ere

incuba ted  at 37° C (Pla te  I).

When the clot l iquefied,  usually  in four to five days,  the p r e p 

a r a t io n  was opened and the round c o v e rs l ip  was rem oved .  The c o v e r 

sl ip  with the adher ing  cu l tu re  was washed  in f r e s h  m ed iu m  199 fo r  

10 m in u te s  and p la c e d  on a s te r i l e  cove r  g la s s .  F r e s h  p l a s m a  was
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P 1 at e I . D oable  c o v e r s l i p  c u l t u r e . M ag .  2x

The explan t  (A) is  on the  round  c o v e r s l i p  (B) w h ich  is  
a t t a c h e d  to the  l a r g e  c o v e r g l a s s  (C) and  i n v e r t e d  o v e r  
the d e p r e s s i o n  (D) . The c o v e r g l a s s  is  s e a l e d  to the 
d e p r e s s i o n  sl ide  w ith  p a r a f f in  (E) .
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P l a t e  I. Double c o v e r s l i p  c a M r e ,  Mag.  2x

The exp lan t  (A.) is  o a  the  ro und  c o v e r s l i p  (B) w h ich  is  
a t t a c h e d  to the  l a r g e  * c o v e rg la s  s (C) and  i n v e r t e d  o v e r  
the d e p r e s s i o n  (D) . The c o v e r g l a s s  is  s e a l e d  to the 
d e p r e s s i o n  sl ide  w ith  p a r a f f in  (E) .
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added if too much, of the clot was w ashed  away. A d e p r e s s io n  slide 

was  p la c e d  over  the cu l tu re  and sea led  as p re v io u s ly  d e sc r ib e d .

Methods  of Study

It was n e c e s s a r y  to employ se v e ra l  techniques in o r d e r  to 

ob tain  the d e s i r e d  in fo rm a t io n  f r o m  this  inves t iga t ion .  The following 

w e re  the m ethods  used:

C yto logica l  s t u d i e s . All cu l tu res  w e re  exam in ed  daily under 

the o r d in a r y  l igh t  m ic r o s c o p e .  The ra te  of g rowth  of the t i s s u e s  

was noted  as well  as the p r e s e n c e  o r  absence  of b a c t e r i a .  Cell  

m ig r a t i o n  was r e c o r d e d  and the d is t r ib u t io n  of the b a c t e r i a  was s tu d 

ied.

Suprav i ta l  s ta in s ,  N eu t ra l  Red (1:10,000) and Janus  G re e n  

(1:20,000) w e re  used  to identify the type of wandering  ce l ls  seen  at 

the m a r g in s  of the explan ts .

C u l tu re s  w e re  f ixed and s ta ined  in toto in the following m a n n e r .  

The p a ra f f in  sea l  was lo osened  f ro m  the  d e p re s s io n  slide with a s c a l 

pe l  b lade .  The l a rg e  co v e r  g la s s  was ca re fu l ly  r in s e d  and the sm a l l ,  

round  c o v e r s l ip ,  with the  cu l tu re  adher ing  to it was f loa ted  onto the 

s u r fa c e  of B ou in 's  f ixa t ive .  Afte r  approx im a te ly  one-half  hour ,  the 

t i s s u e  was g rad u a l ly  h y d ra te d  th rough  d is t i l led  w a te r .  With the
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t i s s u e  st i l l  on the c o v e r s l ip ,  the e n t i r e  sec t ion  was s ta ined  in a 20 

p e r c e n t  aqueous so lu t ion  of H a r r i s ’ hem ato xy lin  for  12 h o u rs .  The 

c u l tu r e s  w e re  g rad u a l ly  dehydra ted ,  s ta ined  l igh tly with eos in ,  c l e a r e d  

in xy lene,  and m ounted  with P e r m o u n t / 1' C a re  was taken  to dehydra te  

the clot com ple te ly  and c l e a r  g radua l ly  with xylene before  mounting 

on the sl ide .

To study the h is topathology some of the  cu l tu re s  w ere  f ixed 

in B o u in ’s fo r  ap p ro x im a te ly  one-ha lf  hour .  The c u l tu r e s ,  while on 

the c o v e r s l ip ,  w ere  deh y d ra ted  in ascending s t reng ths  of alcohol .

In the abso lu te  a lcohol ,  the cu l tu re s  w ere  shaved off the co v e rs l ip  

with a s h a rp  r a z o r  b lade.  The cu l tu res  w ere  p a s s e d  through s e v e ra l  

changes  of oiL of w in te rg re e n ,  in f i l t r a ted  with pa ra f f in ,  and embedded.  

S e r ia l  sec t ions  of ea c h  block w ere  cut at fou r  m ic r o n s .  Some of 

the  sec t ions  w e re  s ta ined  with hem atoxy lin -eo  sin fo r  his topathologic al 

e x a m in a t io n s .  In an a t tem p t  to identify L . monocytogenes in sec t ions ,  

both G r a m  W eiger t  and G o o d p a s tu re 's  s ta in  w ere  used  (Mallory,  1942). 

W e ig e r t -V a n  G ieson  s ta in  was employed to study the va r ious  types  of 

connective  t i s s u e s  which w ere  involved in the le s io ns  produced .

* P e r m o u n t ,  F i s h e r  Scientific  Co.,  New York ,  New York .
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B a c te r io lo g ic a l  s t u d i e s . In o r d e r  to t e s t  fo r  viabili ty of B. 

m o n ocy togene s the explan ts  w ere  cu l tu red  on e i th e r  t ry p to s e  ag a r  

o r  in b ro th .  A f te r  opening the p r e p a r a t i o n s ,  the en t i re  clot with 

the explant ,  was r e m o v ed  with a b ac te r io lo g ica l  loop and p laced  on 

the a p p ro p r ia te  m ed ia .  These  c u l tu re s  w ere  incubated  at 37° C.

Some t i s s u e  c u l tu r e s  w e re  r e f r i g e r a t e d  fo r  s e v e ra l  days p r i o r  to 

checking  f o r  the  b a c te r i a .

P h o to g r a p h y . P h o to m ic r o g r a p h s  w ere  taken  with a B ausch  

and Bomb Model B c a m e r a .  P h o tog raphs  of colonies of B. m onocy

to g enes w ere  taken  with an E a s tm a n  Kodak View c a m e r a  using a 

m i c r o - s u m a r  lens .



RESULTS AND DISCUSSION 

B a c te r io lo g ica l  Studies

E ffec ts  of f l u i d s . B efo re  it was p oss ib le  to do t i s s u e  cu l tu re  

e x p e r im e n t s ,  the  r e a c t io n  of the cons t i tuen ts  of the t i s su e  cu ltu re  

m ed iu m  on L.  m onocytogenes  had  to be de te rm in ed .

M edium  199, the n u t r i e n t  solution, p roved  to be in  no way 

inh ib i to ry  to the g row th  of the o rg an ism .  A cu ltu re  of the b a c t e r i a  

in m e d iu m  199 r e m a in e d  viable for  m o re  than  two weeks.  E ach  

day 0.2 m l of the cu l tu re  was p la ted  onto t ry p to s e  a g a r  and the 

g row th  always was luxur ious  a f te r  18 hou rs  of incubation.

When L. m onocy togenes  was incubated  in a p l a s m a  clot with 

m e d iu m  199, the b a c t e r i a  r e m a in e d  viable fo r  m o re  than  eight days. 

As a r e s u l t  of the fo rego ing  e x p e r im e n t s  it was evident  that  none of 

the t i s s u e  cu l tu re  f lu ids  w e re  b a c te r i c id a l  to th is  o rg an ism .

R e f r ig e ra t io n  s tud ie s .  G ray  et a l . (1948) r e p o r te d  tha t  m a c e r 

a t ion  of t i s s u e s  fo l lowed by r e f r i g e r a t i o n  i n c r e a s e d  the p robab il i ty  

of r e c o v e r in g  the o rg a n i s m  f r o m  t i s s u e s ;  o ther  w o rk e r s  have r e p o r te d  

s i m i l a r  r e s u l t s .  Osebold  and Inouye (1955, 1955a) found an in c r e a s e  

of 47 p e r c e n t  in r e c o v e r y  of L.  monocytogenes f ro m  rabbit  t i s s u e

33
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and 95 p e r c e n t  i n c r e a s e  in r e c o v e r y  f r o m  t i s s u e s  of sheep. This is 

a c u r io u s  phenom enon  which r e m a in s  unso lved at th is  t im e .

B e c a u se  of th is  s t r a n g e  behav io r ,  inocula ted  t i s su e  cu l tu re s  

w ere  s tud ied  f o r  th is  sam e  phenomenon.  A f te r  incubating fo r  24 

h o u r s ,  the t i s s u e  c u l tu re s  w ere  o b se rv ed  under  the m ic ro sc o p e  fo r  

ce l l  m ig r a t i o n  and the p r e s e n c e  of b a c te r i a .  The growth of t i s s u e s  

a p p e a re d  to p a r a l l e l  th a t  of uninoculated co n tro ls  but m ic r o o r g a n i s m s  

w ere  seen  moving f r e e ly  about the m a rg in s  of the infec ted  t i s su e  

c u l tu r e s .  In  all  o b se rv a t io n s  of l iving c u l tu re s ,  the b a c t e r i a  w ere  

a lways m o t i le .  This  will be d i s c u s se d  in g r e a t e r  detai l  in the s e c 

t io n  c o n c e rn e d  with the d e s c r ip t io n  of the living c u l tu re s .

When a 24-hour  cu l tu re  was unsea led ,  and the clot and e x 

p la n t  p laced  in  t r y p to s e  b ro th ,  L. monocytogenes g rew  lu xu r ious ly  

a f t e r  18 h o u r s '  incubation .  H ow ever ,  if this  sam e  p ro c e d u re  was 

r e p e a te d ,  using a 48-hour  inocula ted  t i s s u e  c u l tu re ,  no b a c te r i a l  

g row th  a p p e a re d  in the b ro th  a f te r  3 days '  incuba tion  even though 

the b a c t e r i a  w e re  seen  moving in the living t i s s u e  cu ltu re .  This  

p r o c e d u r e  was r e p e a te d  with a 3 -day-o ld  t i s su e  cu ltu re  with iden tica l  

r e s u l t s .  Beginning of the fou r th  day of incubation,  one t i s s u e  cultu re  

was re m o v e d  f r o m  the incuba to r  each  day fo r  four consecutive  days 

and p la c e d  in the r e f r i g e r a t o r  at 4°C. Sealed cu l tu re s  w ere  rem oved
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f r o m  the r e f r i g e r a t o r  a f t e r  7, 16, 23, and 31 days.  The cu l tu res  

w e re  u n se a le d  and the e n t i r e  clot and explant  were  s c r a p e d  f ro m  

the round c o v e r s l ip  and p la c e d  in t ry p to se  b ro th  and incubated .  All 

th e se  c u l tu r e s  w ere  pos i t ive  f o r  L . m onocytogenes  a f te r  two days '  

incubation .  The o rg a n i s m  was identif ied  by plat ing b ro th  c u l tu re s  

on t ry p to s e  a g a r  and observ ing  the colonies under  a b in ocu la r  d i s 

sec t ion  m ic ro s c o p e  employing  oblique l igh ting .  L. m onocytogenes 

a p p e a r  as sm a l l ,  d i s c r e t e ,  b lu e - g r e e n  co lonies .  This m ethod  of 

id en t if ic a t io n  has  b e e n  u sed  ve ry  success fu l ly  by G ra y  et  a l . (1948).

When exp lan ts  w e re  s m e a r e d  d i re c t ly  on t ry p to se  a g a r ,  o m i t 

t ing the b ro th ,  the o rg a n ism  often was seen  growing a round  the sm a l l  

p iece  of sp leen .  P l a t e  II i l l u s t r a t e s  th is  and shows the c h a r a c t e r i s t i c  

colonia l  m orpho lo gy  and co lo r  of L. m o n o cy to g en es .

It is known tha t  under  c e r t a in  condit ions th is  infect ion  with 

L. m o n o c ytogenes is  som ewhat s e l f - l im i t i n g . Rabbits  exposed by 

o c u la r  in s t i l la t io n  often r e c o v e r e d  and the  only symptom of the d i s 

e a se  was the in tense  con junc tiva l  r e a c t io n  and a slight m onocy to s is .  

Sheep and cows suffer ing  f r o m  b r a i n  infect ions with L. monocytogenes 

occas io n a l ly  r e c o v e r e d ,  even though they  w ere  left  with p e rm a n en t  

b r a i n  dam age .  R ecen t  e x p e r im e n t s  by G ray  et a l . (1955, 1955a) ind i

ca te  th a t  th is  o rg a n i s m  can  r e m a in  viable in the u te ru s  of rab b i ts  fo r
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P l a t e  II. A p ie c e  of s p le e n  f r o m  an  in f e c te d  c u l tu r e  s m e a r e d  on 
an  a g a r  p la te  and  in c u b a te d  4 8 h o u r s .  The  b a c t e r i a l  
co lony can  be  s e e n  g row ing  out f r o m  u n d e r  the  t i s s u e .  
Mag . 2 4x
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P l a t e  III. T yp ica l  L.  m o n o c y t ogenes  c o lo n ie s  on  an  a g a r  p la te .  
I s o l a t e d  f r o m  a t i s s u e  c u l t u r e .  Mag.  1.25x
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m any  w eeks .  When the an im a ls  w ere  exposed  e i th e r  o ra l ly  or o c u 

l a r l y  dur ing  g es ta t io n ,  abor t ion  o c c u r red ;  a f t e r  apparen t  r e c o v e r y  of 

the doe, s u c c e s s iv e  re b re e d in g  a lways t e r m in a t e d  in abort ion .  In 

e v e ry  in s ta n c e ,  L. m onocy togenes  was i so la ted  f r o m  ab o r ted  fe tu se s  

and co ty ledons .  The does did not  m an i fe s t  c l in ica l  sym pto m s of i l l 

n e s s  and u sua l ly  su rv ived .  H ow ever,  occas ionally  a f te r  re la t iv e ly  

long p e r io d s  of su rv iv a l ,  the rabb i ts  becam e  ill and died. The o r 

g a n ism  in such  c a s e s  was i s o la te d  f ro m  m o s t  of the v i s c e r a .

Is it po ss ib le  to c o r r e l a t e  the phenomenon of in c re a s in g  r e 

c o v e ry  of T.. m onocy togenes  following r e f r ig e ra t io n  with the fac t  that  

the o rg a n i s m  can  r e m a in  in the an im al without d isplaying sym pto m s ? 

P e r h a p s  som e inh ib i to ry  substance  ac ts  as a b a c te r io s ta t i c  agent at 

37° C, but  when r e f r i g e r a t e d  no lo nge r  re ta in s  th is  b a c te r io s ta t i c  

p r o p e r t y .  All th is  is s im ple  specu la t io n  without proof at the p r e s 

ent  t im e .  N e v e r th e le s s ,  in view of the fact  that  inoculated  t i s su e  

c u l tu r e s  behaved  a f te r  r e f r i g e r a t i o n  the sam e as o the r  t i s s u e s  t r e a t e d  

s im i l a r l y  su g g es ts  th a t  some s o r t  of biological  sy s te m  which is  i n 

ac t iv a ted  at 4° C al lows the b a c t e r i a  to grow on a r t i f ic ia l  media .

It m u s t  be r e m e m b e r e d  that  in e v e ry  c a s e ,  p r i o r  to making b a c 

te r io lo g ic a l  c u l tu re s  of the exp lan ts ,  l iv ing ,  moti le  b a c t e r i a  were  

seen  in al l inocu la ted  t i s s u e  c u l tu r e s .  T h e re fo re ,  someth ing made
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it  im p o s s ib le  to c u l tu re  the  o rg a n i s m  on a r t i f i c ia l  m ed ia  until they 

w ere  he ld  at 4 C fo r  s e v e r a l  days.  The a n sw e rs  to th ese  p e rp le x -  

ing ques t ions  st i l l  r e m a in  a m y s te r y  to be unfolded.

D e sc r ip t io n  of Living C u l tu re s

A p p ro x im a te ly  290 c u l tu re s  were  grown and observed .  Some 

w ere  f ixed  and s ta in ed  in to to , o th e rs  w e re  b locked and sect ioned.  

W ha te ver  the fate of the c u l tu re s ,  all  w e re  o b se rv ed  in the living 

s t a t e .

During  the f i r s t  24 to 40 hours  af te r  incubation,  the po ly 

m o rp h o n u c le a r  leucocy tes  m ig r a te d  outward  f ro m  the explant ,  g r a d 

ually  b e c a m e  inactive  and d eg ene ra ted .  The neu troph il s  eventually  

w ere  o b s c u re d  by the growth  and m ig ra t io n  of lym phocy tes  and 

m o n ocy tes .  P l a t e  IV i l l u s t r a t e s  th re e  days '  growth of a splenic 

c u l tu r e .  L a r g e  am eboid  ce l l s  moved slowly and did not appea r  to 

have any p a r t i c u l a r  a t t r a c t io n  fo r  the b a c t e r i a  (Pla te  V) . As p r e 

viously  m entioned ,  in all  ob se rv a t io n s  of inocu la ted  cu l tu res  the b a c 

t e r i a  w ere  always m o t i le .  On s e v e ra l  occasions the o rg a n ism s  moved 

d i r e c t ly  to w a rd  the m a c r o p h a g e s ,  h a m m e r e d  the ce l l  m e m b ra n e  s e v 

e r a l  t i m e s ,  th en  backed  away as if to gain  m om entu m  fo r  ano th er  

b o m b a rd m e n t .  This  r e p e a te d  method  of a t tack  often continued fo r
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P l a t e  IV. I n o c u la t e d  l iv ing  sp le n ic  c u l t u r e  t h r e e  d ays  old. Mag.  
200x
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P l a t e  V. I n o c u la te d  l iv ing  sp le n ic  c u l t u r e  s ix  days  old. (A.) B a c 
t e r i a  a long the  m a r g i n  of th e  ex p lan t .  (B) M o n o n u c lea r  
p h a g o c y te s .  M ag .  940x
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P l a t e  Y. I n o c u la te d  ^ v i n g  sp le n ic  c u l tu r e  s ix  days  old. (A) B a c 
t e r i a  a long  the  m a r g i n  of the  e x p la n t .  (B) M o n o n u c lea r  
p h a g o c y te s .  M ag .  940x
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s e v e r a l  h o u r s  and f ina l ly  the b a c t e r i a  e n te r e d  the cy top lasm  of the 

m a c r o p h a g e s .  These  m o v e m e n ts  of the b a c t e r i a  s eem ed  to be p u r 

p ose fu l  r a t h e r  than  random . P l a t e  VI i l l u s t r a t e s  the diffuse d i s t r i 

bu tion  of the b a c t e r i a  th roughout the cu l tu re .  This p a r t i c u l a r  cu ltu re  

was s ta ined  with Janus  G re e n  and the o rg a n i s m s  have an affinity 

fo r  the dye. The b a c t e r i a  can  be seen  in s e v e ra l  m a c ro p h ag e s  as 

well as  f r e e  in  the su r round in g  m ed ium .  P l a t e  VII is an oil i m m e r 

sion pho tog raph  of a  tw o -d a y -o ld  cu ltu re .  These  ce l ls  w ere  o b se rv ed  

fo r  n e a r ly  fo u r  h o u rs  and during th is  t im e  se v e ra l  b a c t e r i a  p en e t ra ted  

the ce l l  m e m b r a n e .

A g r e a t  dea l  of diff iculty was encoun te red  in the identif ica t ion  

of the ce l l s  in the living,  uns ta ined  c u l tu re s .  It is suff icient  to say 

tha t  they  w e re  m o n o n u c lea r  phagocytes .

Cunningham et a l . (1923) identif ied  two d is t inc t  types of 

phagocytic  ce l l s  in the sp leen  of the rabbit .  One group,  consist ing  

of c la s m a to c y te s ,  m a c ro p h a g e s ,  and h is t iocy te s  w ere  sa id to re a c t  

in ten se ly  to N eu t ra l  Red. The nuclei  w ere  loca ted  p e r ip h e ra l ly  and 

w ere  r e la t iv e ly  s m a l l  in c o m p a r i s o n  to ce l l  s ize .  The o ther  group 

was iden tif ied  as typ ica l  m onocytes of the p e r ip h e r a l  blood. These  

w e re  15p to 30p in d i a m e te r  with a h o r s e s h o e - s h a p e d  nucleus.  When 

th e s e  c e l l s  w e re  s ta ined  with N eu t ra l  Red th e re  was a c e n t r a l ,  c l e a r
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P l a t e  VI. L .  m o n o c y to g e n e s  s t a in e d  s u p r a v i t a l l y  w ith  J a n u s  G r e e n  
in  a  f i v e - d a y - o l d  l iv in g  c u l t u r e .  The  b a c t e r i a  a p p e a r  
in V, Y, and  p a l l i s a d e  f o r m s .  M a c r o p h a g e s  con ta in ing  
b a c t e r i a  a r e  m a r k e d  w i th  a r r o w s .  M ag.  1500x
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P l a t e
I

VI. L .  m o n o c y to g e n e s  s t a in e d  s u p r a v i t a l l y  with ^ a n u s G reen  
in  a f ive  ~ day - old l iv ing  c u l t u r e .  The b a c t e r i a  a p p e a r  
in V, Y, and p a l l i s a d e  f o r m s .  M a c r o p h a g e s  conta in ing  
b a c t e r i j i  a r e  p a r k e d  w ith  a r r o w s .  M ag.  1500x
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IPlate VII. M o n o n u c le a r  p h a g o c y te s  in  a  l iv in g  t w o - d a y - o l d  c u l tu r e .
B a c t e r i a  c a n  be s e e n  in  th o se  c e l l s  m a r k e d  w ith  a r r o w s .  
M ag .  3050x
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P l a t e  VII. M o n o n u c le a r  p h a g o c y te s  in  a l iv in g  t w o - d a y - o l d  c u l tu r e .
B a c t e r i a  ca n  be s e e n  in  th o s e  c e l l s  m a r k e d  w i th  a r r o w s .  
M ag .  3050x
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spot opposite  the Hof of the nuc leus .  Surrounding th is  c l e a r  spot 

was a ro s e t t e  of s m a l l ,  rad ia t ing  ag g reg a t io n s  of N eu t ra l  Red p a r 

t ic le s  and any phagocy tized  m a te r i a l  congrega ted  in the zone of the 

re d  g r a n u le s  at the p e r ip h e r y  of the r o s e t t e .  McJunkin  (1926) and 

F o r k n e r  (1930) co n f i rm ed  the ex is tence  of these  two v a r ie t i e s  of 

m o n o n u c le a r  phagocy te s .

Th is  au thor was unable to identify these  two types of phago

cytes  a f t e r  r e p e a te d  t r i a l s  using N eu t ra l  Red and Janus  G re e n  s u p r a 

vital s ta in s .  It was obvious tha t  the ce l l s  were  m ononuc lea r  in type 

but the ro s e t t e  a s  d e s c r ib e d  by Cunningham et a l . (1923) was n ev e r  

seen.

M aximow (1927) was of the opinion that  the no n g ran u la r  l e u 

cocy tes  developed into po ly b las ts  and f ib ro b la s t s .  Using t i s s u e  culture  

m e th o d s ,  he r e p o r t e d  tha t  the lymphocytes and m onocytes  at the end 

of the second day beg an  to s t r e t c h  out and develop long, sp e a r -  

shaped,  nonmoti le  p r o c e s s e s  with l a rg e  re g u la r ,  oval nuclei .  These 

ce l l s  w ere  d e s c r ib e d  as 1' f i b r o b la s t - l i k e ' 1 and as soon as they were  

b rought  into focus with an oil i m m e r s i o n  lens with s trong l ight  they 

co n t rac ted ,  rounded  off and r e s u m e d  the f o r m e r  ameboid  wandering 

ce l l s  with m oti le  m e m b r a n e - l i k e  pseudopodia .  A f te r  s ix days typical  

f ib r o b la s t s  w ere  p r e s e n t .  Maximow, th e r e f o re ,  rea so n ed  that
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lym phocy tes  deve loped  into po lyb las ts  then  into f ib ro b la s t s .  This 

th e o ry  s e e m s  r a t h e r  p re s u m p tu o u s ,  bat t h e r e  is no proof  tha t  it is 

wrong.  The o r ig in  and deve lopm ent of m on o n u c lea r  m a c ro p h ag e s  

sti l l  r e m a in s  a v e ry  co n t ro v e rs ia l  sub jec t  and i t  is not the pu rp o se  

of th i s  w r i t e r  to take a s tand on th is  m a t t e r .  It can  only be s ta ted  

that  the c e l l s  iden tif ied  in the l iving c u l tu re s  w ere  m ononuc lea r  

p h a g o c y te s .

When the t i s s u e  cu l tu re  e x p e r im en t s  w ere  f i r s t  s t a r t e d ,  it

was diff icult  to d e te rm in e  how many b a c t e r i a  to add to the explan ted

t i s s u e .  P i lo t  e x p e r im e n t s  in which th i r ty  o rg a n i sm s  p e r  m i l l i l i t e r

w ere  used  p ro v ed  th is  to be an inadequate dose .  In p rev ious  an im al

e x p e r im e n t s  by  G r a y  (1954), the concen t ra t ion  of b a c t e r i a  obtained

f ro m  a su sp e n s io n  m ade  to m a tc h  the 0.5 tube of a M c F a r la n d  nepho-

lo m e te r  was found to be an adequate dose to produce  sym ptom s and

le s io n s  typ ica l  of L.. m onocytogenes infection. With th is  in fo rm ation

as a b a s i s ,  the sa m e  su spens ion  was used in the t i s s u e  cu l tu re s .

9
The su sp en s io n  con ta ined  2.289 x 10 o rg a n i sm s  p e r  m i l l i l i t e r ;

7
t h e r e f o r e ,  in  0.01 m l  th e re  w ere  2.289 x 10 b a c te r i a .  This  concen 

t r a t io n  of b a c t e r i a  did not s u p p re s s  the growth of the t i s s u e  (Pla te V) . 

It is  i n te r e s t in g  in view of the r e p o r t s  by Smyth (1915, 1916) and 

L ew is  (1920) which s ta ted  tha t  the t i s s u e  did not r e m a in  alive in



53

the p r e s e n c e  of b a c t e r i a .  T is sue  c u l tu re s  inocula ted  with L . mono- 

cy togenes n e v e r  d e m o n s t r a t e d  growth  s u p p re s s io n  or  inhibi tion. P l a t e s  

VIII and IX i l lu s t r a t e  p ro fu se  growth of ce l ls  a f te r  s ix and seven  days 

of c u l tu re ,  r e s p e c t iv e ly .  P la te  X is  an i l lu s t r a t io n  of a s ix -day  un in 

ocu la ted  cu l tu re .

P e r h a p s  the  e a r ly  w o rk e r s  had difficulty in mainta in ing  t i s su e  

c u l tu re s  inocu la ted  with b a c t e r i a  because  of in fe r io r  nu t r ien t  f lu ids.  

T h e re  is  l i t t le  doubt but tha t  a r t i f i c ia l  m ed ia  s im i l a r  to 199 ex e r t  

t r e m e n d o u s  influence upon the v iabili ty of t i s s u e s  in v i tro .  The 

p io n e e r s  in th is  f ie ld  w ere  l e s s  fo r tu na te  in having to re ly  on simple 

sa l t  so lut ions to which they added s e ru m  and em bryo  ex t rac t .

D esc r ip t io n  of F ix ed  Cul tu res

Whole m ounts .  C u l tu re s  which w ere  f ixed in toto were  sta ined 

with h e m a to x y l in -e o s in  o r  W righ t 's  stain.

Many p o ly m o rp h o n u c lea r  ce l ls  w ere  p rom in en t  during the 

f i r s t  24 to 36 h o u rs  of cu l tu re .  T hese  ce l ls  w ere  r a th e r  diffusely 

d is t r ib u te d  and som e contained engulfed o rg an ism s .

A fte r  48 hou rs  the m a jo r i ty  of the ce l ls  were  m a c ro p h ag e s .  

Many of the ce l l s  exhibited  b i z a r r e  f o r m s ,  such as club, dumbbell ,  

hook, and spindle shapes .  The ce l ls  were  m o s t  num erous  at the
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P l a t e  VIII „ A s i x - d a y - o l d  l iv in g  c u l t u r e  showing good g ro w th  of
t i s s u e  e v e n  though  in f e c te d  w ith  b a c t e r i a .  Mag.  200x
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P l a t e  IX. A s e v e n - d a y - o l d  l iv ing  c u l t u r e  showing h e a v y  g ro w th  of 
f i b r o b l a s t s .  The p r e s e n c e  of b a c t e r i a  d id  not  inh ib i t  
th e  g ro w th  of the  t i s s u e .  M ag.  75x
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P l a t e  X. A n  u n in o c u la te d  c o n t r o l  c u l t u r e .  .Six d ay s  old. M o n o 
n u c l e a r  p h a g o c y te s  a r e  the  p r e d o m in a t in g  c e l l s .  M ag.  
1 60 Ox
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m a r g i n  of the explant .  A. sm a l l  amount of cy top lasm  was seen  at 

e ach  end of the c e l l s .  P la te  XI, F ig u r e s  1 and 2, show ex am ples  

of th e se  c e l l s .  T hese  b i z a r r e  ce l ls  w ere  seen  in cu l tu re s  as old 

as  fou r  days; how ever ,  they w ere  not p r e s e n t  at all in uninoculated  

c ont rol s .

H agem ann  and Simon (195 3) and H agem ann et a l , (195 3) d e 

s c r ib e d  b i z a r r e  n u c le a r  f o r m s  in g ra n u lo m a s .  In the i r  opinion the 

ce l l s  a r o s e  as a r e s u l t  of h in d e re d  p ro l i f e r a t io n  of cap i l la ry  wall 

t i s s u e  due to the s t im u lu s  of a toxic reagen t .  The a b e r r a n t  c e l lu la r  

f o r m s  o b s e rv e d  in the inocu la ted  t i s su e  cu l tu re s  w ere  s im i l a r  to 

th ose  d e s c r ib e d  by H agem ann  and Simon (195 3) and Hagemann et a l . 

(1953). Most  of th e se  ce l l s  with b i z a r r e  nucle i  w ere  found in the 

a r e a  im m e d ia te ly  ad jacen t  to the explant.

A f te r  t h r e e  or  four days the b i z a r r e  f o r m s  w ere  not as p r o m 

inent  and a f te r  s ix days they w ere  only r a r e l y  seen.  The cel ls  m o s t  

often seen  at th is  s tage  w ere  round ce l l s  with v e s i c u la r  nuclei  as 

p i c tu r e d  in P la t e  XII. Most of these  w ere  at the m a r g in  of the t i s 

sue,  while out in  the su r round ing  m ed ia ,  p l a s m a  ce l ls  and lym pho

cytes  w e re  m o s t  p rom inen t .

M o re  study with s ta in ed  whole mounts  would be d e s i r a b le .  

H ow ever ,  th e se  p r e p a r a t io n s  p r e s e n t  some diff iculty in handling.
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P l a t e  XI. B i z a r r e  n u c l e a r  f o r m s  s e e n  in  4 8 - h o u r  c u l t u r e s ,  
with, h e m a t o x y l i n - e o  sin .  M ag.  1650x

Stained
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P l a t e  X II. C e l l s  w ith  v e s i c u l a r  n u c le i  s e e n  in  t h r e e - d a y - o l d  c u l tu r e s  
S ta ined  with  h e m a t o x y l i n - e o s i n .  M ag.  1860x
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The p r o te in  in the c lot  tends  to ab so rb  the s ta in  and m u ch  cy to logical  

deta i l  is  m a sk e d .  B e t t e r  p r e p a r a t i o n  m ay  be poss ib le  by the use of 

v e ry  th in  c lo ts  o r  p e r h a p s  p e r f o r a t e d  ce l lophane.

Ser i a l  s e c t i o n s . The m o s t  outstanding pathological  changes 

w ere  seen  in the s e r i a l  sec t ions  of the explants .  T is sue  c u l tu re s ,  

inocu la ted  at the t im e  of explanta t ion ,  w e re  rem oved  each  day fo r  

s ix consecu t ive  days ,  f ixed  and sect ioned .  Uninoculated contro ls  

w ere  t r e a t e d  in the sam e  m a n n e r .

The r e a c t io n  began by what a p p e a re d  to be p ro l i f e ra t io n  of 

the v a s c u l a r  s inus endothelium. As e a r ly  as 24 hours ,  two la y e r s  

of endo the lia l  ce l l s  w ere  seen  c i r c u m s c r ib in g  a sm a l l  blood vesse l .  

Radiat ing f r o m  th is  blood v e s se l  were  single rows of ce l l s  in f i l 

t r a t in g  the sur round in g  t i s s u e  (P la te s  XIII, XVI). The nuclei  of these  

ce l l s  w ere  v e s i c u la r ,  e longated ,  and p leom orph ic .  As a r e s u l t  of 

the continued p r o l i f e r a t i o n  of the endothe lium, the ce l ls  appea red  as 

s w i r l s  a round  the v e s s e l s  until the involved a r e a  was of cons iderab le  

s ize  at the  end of the s ix -day  pe r iod  (P la tes XV to XXVI).

The v a s c u la r  s inus  endothe lium has been  co n s id e red  as a 

p a r t  of the  re t icu lo en d o th e l ia l  sy s tem .  One group  of ce l l s  belonging 

to th is  s y s t e m  is  com posed  of l a rg e  m ononuc lea r  wandering  ce l ls .

They a r e  found in all t i s s u e s  and c ircu la t ing  f lu ids.  The designations
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of the ce l l s  change with r e s p e c t  to t h e i r  locat ion .  In the t i s s u e s  they 

a r e  usua lly  r e f e r r e d  to as t i s s u e  m a c ro p h a g e s ,  h is t io cy te s ,  or c la s -  

m a to c y te s ,  while in the c i r c u l a t o ry  sy s tem  they a re  ca l led  m onocy tes .  

The o r ig in  of m o n o n u c le a r  phagocytes has  been a sub jec t  of c o n s i d e r 

able c o n t r o v e r s y .  M al lo ry  (1898) and Foot  (1925) were  of the opinion 

tha t  the m o n o n u c le a r  ce l l  was d e r iv ed  f r o m  the endothelial  ce l l .  On 

the o th e r  hand,  Maximow (1924a), Lang (1926), and Bloom (1928a) did 

not be l ieve  tha t  the endothe lium  gave r i s e  to ce l l s  p o s s e s s in g  ameboid  

c h a r a c t e r i s t i c s .  Sabin et a l . (1925) r e p o r te d  sti l l  another th eo ry ,  

s tating th a t the c la sm a to c y te s  w e re  d e r iv ed  f ro m  the endothelium 

and the m onocy te s  f r o m  ' ' r e t i c u l a r 1* ce l ls .  Lewis  (1925), while not 

in a g re e m e n t  with Sabin et a l . (1925), fav o red  Maximow (1924a) to 

som e extent ,  and also be l ieved  a p a r t  of M a l lo ry 's  th eo ry  (1898). 

Today,  som e th i r ty  y e a r s  l a t e r ,  the quest ion  r e m a in s  unanswered .  

F o r b u s  (1943) s ta ted  tha t  the m o n onuc lea r  wandering  ce l l s  w ere  

d e r iv ed  e i th e r  f r o m  p r im i t iv e  m e se n c h y m a l  ce l l s  o r  f ro m  v a sc u la r  

s inus endothelium. The l a t t e r  view seem s  to be the m o s t  widely 

accep ted  one today.

E ven  though the o r ig in  is  m o s t  c o n t ro v e r s ia l ,  the function is 

c l e a r ly  phag o cy to s is .  It is well known tha t  these  ce l l s  show a r e 

m a rk a b le  capac i ty  fo r  p r o l i f e r a t i o n  and p l e o m o r p h i s m . M ult inuclea ted  

g iant  ce l l s  and ep ithe l io id  ce l l s  a re  de r ived  f ro m  these  ce l ls .
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Sections  t r e a t e d  with W e ig e r t -V a n  G ie son  connective t i s su e  

s ta in  exh ib ited  a s ingle e l a s t i c  connective  t i s s u e  f ib e r  a round  the 

lum en  of the r e a c t iv e  blood v e s s e l s  (P la te  XXIV, F ig u re  2). The 

ep ithe l io id  ce l l s  c i r c u m s c r i b e d  the a r e a  fo rm ing  a so l id  m a s s .

Sim on (1953) s ta ted  tha t  the  fo rm a t io n  of the g ra n u lo m a  was 

appa ren t ly  connec ted  with c a p i l l a ry  t i s s u e .  H agem ann  and Simon 

(1953) r e p o r t e d  tha t  the e n t i re  connective t i s su e  of the v e s se l  was 

involved in  the p r i m a r y  p r o l i f e r a t i o n  of m e se n c h y m a l  ce l l s .  H a g e 

m an n  et a l . (195 3) c la im e d  tha t  the c a p i l l a ry  endothelium phagocytized  

the b a c t e r i a  and a lso  tha t  the v e s s e l  r e a c t io n  i so la ted  the focus of 

the in fec t ion  and se t  up a g ranu lom a . T h e re fo re ,  the c e l lu la r  c o m 

ponent of the  g ra n u lo m a  was thought to be v a s c u la r  endothelium.

The c a re fu l  d ay -b y -d ay  stud ies of the t i s su e  cu ltu re  sec t ions 

r e v e a le d  a s i m i l a r  r eac t io n .  It was e sp ec ia l ly  obvious when 24 or  

48 hour  c u l tu r e s  w e re  studied.  A.t th is  t im e  only one or  two l a y e r s  

of ce l ls  su r ro u n d e d  the blood v e s s e l s ,  with a few ce l ls  t r a i l in g  off 

into the n e a rb y  t i s s u e .  A no th er  in te re s t in g  ob se rv a t io n  re v e a le d  

that  this  c h a r a c t e r i s t i c  r eac t io n  n ev e r  was seen except in a r e a s  in 

which blood v e s s e l s  w ere  p r e s e n t .  This  seem ed  to indicate that  

th e se  c e l l s  have some in t im ate  a s s o c ia t io n  with the v a sc u la r  endo

the l ium  .
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At the  m a r g i n  of the  t i s s u e  c u l tu r e s  at l e a s t  fo u r  days old, 

excep tionally  l a r g e ,  round m a c ro p h a g e s  w e re  seen  (Plate XXIII). They 

ap p e a re d  to be the sam e  ce l l s  as those  in the t i s s u e  but were  m o re  

s p h e r i c a l  and u sua lly  con ta ined  a golden yellow p igm ent.  Maximow 

(1924), in h is  work  with the tu b e rc le  b ac i l l i  in t i s s u e  cu l tu re ,  r e p o r te d  

a s i m i l a r  f inding.  He was of the  opinion tha t  th is  m a te r i a l  was d i 

ges ted  b a c t e r i a .  However,  in the p r e s e n t  study r e p e a te d  a t te m pts  

w ere  m ade  with spec ia l  s ta in s ,  but L, m onocytogenes  was nev e r  d e m 

o n s t r a te d  in the  p e r i p h e r a l  ce l l s  or  in the r e a c t io n a ry  ce l l s  of the 

explant  p r o p e r .  As p re v io u s ly  mentioned,  t i s s u e  c u l tu re s  in fected  

with L . m onocy togenes  r e q u i r e d  r e f r i g e r a t i o n  in o rd e r  to d em o n s t ra te  

the o rg a n i s m s  in a r t i f i c i a l  cu l tu re  m edium . H agem ann and Simon 

(1953) r e p o r t e d  diff iculty in finding b a c t e r i a  in the g ra n u lo m a s ,  but 

w ere  able to cu l tu re  the o rg a n i s m  f ro m  these  s t r u c tu r e s .  As a 

m a t t e r  of fac t ,  the g ra n u lo m a  was often ca l led  a " L i s t e r i o m a "  by 

th e se  in v e s t ig a to r s  becau se  they  w e re  of the opinion that  th is  s t r u c 

tu re  was specif ic  fo r  the d i s e a s e ,  g ran u lo m a to s is  in fa n t i s e p t i c a .

In the cen te r  of the explants  some n e c ro s i s  was usua lly  p r e s 

ent a f t e r  48 to 72 h o u rs  of cultivation;  this  was to be expected  

s im ply  f ro m  the m ech an ica l  a spec t .  The cen te r  of the t i s s u e  did 

not re c e iv e  the benef i t  of the  n u t r ien t  f luid. The n e c ro s i s  ap pea red  

in the co n tro ls  as  well  as in the inocula ted  c u l tu re s .
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The endo the lia l  r e a c t io n  usually  o c c u r r e d  at the p e r ip h e r y  of 

the  t i s s u e  and often long rows of the p ro l i f e ra t in g  ce l ls  in f i l t r a te d  

the a r e a  of n e c ro t ic  t i s s u e  as if to d iges t  the c e l lu la r  d eb r i s .  A 

s im i l a r  r e a c t io n  was r e p o r t e d  by H agem ann and Simon (195 3) and 

H agem ann  et  a l . (195 3) in d e sc r ib ing  the his topathology of g r a n u lo m a 

to s i s  inf an t i sep t ic  a . They d e s c r ib e d  a cen t r ip e ta l  in f i l t r a t ion  of Mthe 

c a p i l la ry  ce l l s  of re  so r p t i o n '1 which engulfed the en t i re  focus f o r m 

ing a p r i m a r y  1'p ro l i f e ra t in g  g r a n u l o m a . '1 These  g ranu lom as  were  

found in  the o rg an s  of s t i l lb o rn  infants  f ro m  which L. monocytogenes 

was i so la ted .

M ost  of the A m e r ic a n  w o rk e r s  who have d e s c r ib e d  the h i s to 

pathology a s s o c ia t e d  with L.. monocy togenes in fect ions ,  s ingled out 

n e c ro s i s  as  being the p r i m a r y  lesion .  However,  Ju l iane lle  and Moore 

(1942) r e p o r t e d  finding m any m ac ro p h ag e s  surrounding  the necro tic  

a r e a  and d rew  a t ten tion  to the fac t  that  th is  was a p e c u l ia r  finding 

to be a s s o c ia t e d  with a n ec ro t ic  reac t ion .  O ther w o rk e r s  have r e 

p o r te d  tha t  f i b r o b la s t s  w e re  p re sen t ;  this  m akes  one wonder if  they 

w ere  re a l ly  f ib ro b la s t s  o r  if they  w ere  ac tual ly  p ro l i f e r a te d  ce l ls  

of the re t icu loendo the l ia l  sy s te m .  The nuclei of young f ib ro b la s t s  

often r e s e m b le  im m a t u r e  m o n o n u c lea r  ce l l s .

As p re v io u s ly  m entioned ,  Hagem ann  and Simon (1953) be l ie ved  

tha t  t h e r e  a re  two d is t in c t  c e l lu la r  re a c t io n s  poss ib le  re su lt in g  f r o m
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in fec t ion  with  L . m o n o c y to g e n e s . One was c h a r a c t e r i z e d  by a g r a n u 

lo m ato u s  in f lam m at ion ,  the o ther  by n e c r o s i s .  They a lso r e p o r te d  

tha t  a com bina t ion  of th e se  two re a c t io n s  can occur  within the same 

a re  a. T h ese  fac ts  m a y  help to expla in  some of the confusion  ex ist ing  

re g a rd in g  the h is topa thogenes is  of th is  d i se a se .

Accord ing  to F o r b u s  (1949) a p u re  g ranu lom atous  in f lam m ation  

is an  ' ' e x u d a t iv e "  and ' 'p ro d u c t iv e ' '  r e a c t io n  in the t i s s u e s  c h a r a c t e r 

iz ed  by the  accu m u la t io n  and p ro l i f e r a t i o n  of re t icu loendothelia l  ce l ls  

f r o m  the c i rcu la t in g  f luids and the t i s s u e  spaces .  The p redom in an t  

ce l l  in  the re a c t iv e  a r e a  is the m acrophage  in c o n t ra s t  to other  in 

f l a m m a to r y  p r o c e s s e s  in which neu troph i ls  o r  lymphocytes  a re  in 

volved. F o r b u s  (1949) s ta ted  that this  in f lam m ato ry  r e sp o n se  can 

be acute or  ch ron ic .

S eve ra l  b a c t e r i a  have been a s s o c ia te d  with a g ranu lom atous  

reac t ion ,  such as B r u c e l l a  s u i s , P a s t e u r e l l a  t u l a r e n s i s , M ycobac te r iu m  

tu b e rc u lo s i s  and M ycobac te r ium  p a r a t u b e r c u l o s i s . It has been  sug

g e s te d  by som e in v e s t ig a to r s  tha t  these  o rg an ism  m ay  e x is t  in t r a -  

ce l lu la r ly ,  and t h e r e  is  som e evidence that  L.. monocytogenes is 

i n t r a c e l l u l a r  at t im e s .  Since the p rev ious ly  mentioned o rg a n i sm s  

p roduce  a g ran u lo m a to u s  in f lam m at ion  it may be po ss ib le  that  L. 

monocy togenes  p o s s e s s e s  some of the sam e  c h a r a c t e r i s t i c s .  Work:
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done in G e rm a n y  su p p o r ts  th i s  th eo ry  to a c e r t a in  extent ,  and m ost  

c e r ta in ly  the r e a c t io n  p ro duced  in the t i s s u e s  cu l tu re s  was g r a n u lo 

m a tous  in n a tu re .

The p o ss ib i l i ty  tha t  the r e sp o n se  seen  in the t i s su e  cu l tu res  

m ay  be a nonspecif ic  r e a c t io n  due to an i r r i t a n t  m u s t  not be o v e r 

looked. F u r t h e r  s tud ies  m u s t  be made to d e te rm in e  if this  l e s ion  

p ro d u ced  in v i tro  i s  specif ic  fo r  L . m o n o c y to g e n e s .
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P l a t e  XIII. A s e c t io n  of ex p lan t  a f t e r  24 h o u r s '  in cu b a t io n .
ro w s  of p r o l i f e r a t e d  v a s c u l a r  e n d o th e l iu m  c a n  be  
M ag .  400 x

Two
seen .
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CP

P la te  XIII. A sec t io n  of explant after 24 h ou rs' incubation. Two
rows of p ro lifera ted  v a scu la r  endothelium  can  be seen .  
M ag. 400x
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P la te  XIV. High, pow er of a rea  m ark ed  in  P la te  XIII. Mag. 120Ox
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P la te  XIV. High pow er of a rea  m arked  in  P la te  XIII. Mfag. 120Ox
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P l a t e  X V .  S e c t i o n  o f  a  t w o - d a y - o l d  c u l t u r e .  R e a c t i o n  c a n  b e  s e e n
i n  t h e  a r e a  m a r k e d .  M a g .  4 0 0 x
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••>«.■ t.1.1 •• ; $ i lw ') - d a y  * o l d  c u l t u r e .  R e a c t i o n  c a n  b e
i n t h c . i t ' ■. ■ ; i i ; 1 r k e cl M ag 4 0  0 x

seen
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P l a t e  X V  I .  S e c t i o n  o f  a n  u n i  n o  c i l i a t e d  c o n t r o l  c u l t u r e  t w o  d a y s  o l d .
M a g .  4 0 0 x



P L A T E  X V I 79

I
I I f -
' j k



80

P l a t e  X V I I .  S e c t i o n  o f  t h r e e - d a y - o l d  c u l t u r e .  R e a c t i o n  c a n  b e  s e e n
i n  t h e  a r e a  m a r k e d ,  M a g .  4 0 0 x
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S e c t i o n  e f  t h  r e  e  -  c l a y  -  n l  d  c u l t u r e  R e a c t i o n  

i n  t h e  a,  r e  a  r n  a  r  k 1 Vi  a g  4 0  0  x

c a n  b e  s e e n
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P l a t e  XVIII. High p o w e r  of s e c t io n  in  P l a t e  XVII. Note the p r o l i f e r 
a t ion  and in f i l t r a t i o n  of the  e p i th e l io id  c e l l s  into the n e 
c ro t i c  t i s s u e .  Mag.  1200x
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XVII. Note the p ro l i fe  r -High p o w e r  of secthon / n  P
a t ion  and in f i l t r a t i n n  / f jH fe  e p i th e l io id  c e l l s  into the n e 
c ro t i c  t i s s u e .  M arg . 0 0 x /
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P l a t e  XIX. S ec tion  of f o u r - d a y - o l d  c u l tu r e .  R e a c t io n  a r e a  h a s  e n 
l a r g e d ,  involv ing  a r e g io n  at the  le f t  s ide  of the  sec t ion .  
M ag.  400x
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Se c t i
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R  e  a e  t i  o n  

. t h e  l e f t  s i d e

off  f o a r - d a v - o l d  calXIX re h a s  . ■

s e c  t  ■



P L A T E  X IX 85

• *

✓
^  o . v  m• . 0  ̂ A •

• '■ *,M &>'$'.(■ $  J ' f '-***.. ,  ;,v. . i ;- m 7̂ *v-. . v > . A ^ ry . .p. vP

■KL*

r  * ; :  ** s  ” %



8 6

P la te  XX. High pow er of sec tio n  in  P la te  XIX. N ote in filtra tio n . 
M ag. IZOOx
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P la te  XX. High pow er of sec tio n  in  P la te  XIX. N ote in filtra tio n . 
M ag. 1 20 0 x
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P l a t e  XXI. Sec tion  of un inoc il ia ted  c o n t ro l  c u l tu r e  f o u r  days  old. 
Mag.  400x
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P l a t e  XXII. Sec t ion  of s i x - d a y - o l d  c u l t u r e .  A r e a  is  of c o n s id e ra b le  
s iz e .  Note m a r k e d  in f i l t r a t io n .  Mag.  400x
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P l a t e  XXIII. High, p o w e r  of s i x - d a y - o l d  c u l t u r e .  Two c i r c u m s c r i b e d  
b lood  v e s s e l s  a r e  shown w ith  p r o l i f e r a t e d  c e l l s .  Note 
the  l a r g e  m o n o n u c le a r  c e l l s  on th e  p e r i p h e r y  of th e  t i s 
sue .  Mag.  1200x
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P l a t e  XXIV. In fe c te d  c u l t u r e s .

F i g u r e  1. Sam e s e c t io n  as  show n in  P l a t e  XXIII. Note 
the  s l igh t  y e l lo w ish  t in g e  in  the  c e l l s  of the 
u p p e r  l e f t - h a n d  c o r n e r .  Mag.  10 50x

F i g u r e  2. S ec t ion  s t a in e d  w i th  W e i g e r t - V a n  G ie so n .  A 
g r e e n  e l a s t i c  t i s s u e  f i b e r  c a n  be s e e n  a ro u n d  
th e  l u m e n  of th e  v e s s e l .  M ag.  800x
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F ig u r e  1

F i g u r e  2
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P l a t e  XXV. Sec t ion  of u n in o c u la te d  c o n t r o l  c u l tu r e  s ix  days  old. Mag. 
400x
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P l a t e  XXVI. High, p o w e r  of s e c t io n  in  P l a t e  XXV. M ag.  1200x
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SUMMARY AND CONCLUSIONS

1. The double coverslip  of Maximow was used in a tissu e  

culture study of the reaction  of splenic explants inoculated with 

L . m on ocytogen es.

2. hiedium  199* hom ologous p lasm a, and chicken embryo 

extract did not d ep ress  the growth of th is organism  after remaining 

in th ese  flu id s for  seven  days.

3. A fter 48 hours in tissu e  culture the bacteria  could not 

be dem onstrated  in a rtific ia l m edia unless the tissu es were refr ig 

erated  at 4°C fo r  sev era l days.

4. O bservations of living tissu e  cultures revealed  that L. 

m onocytogenes was alw ays m otile . The organism  did not suppress 

the growth oi: the t is s u e .

5. Stained whole mounts of the tissu e  cultures revealed  c e lls  

w hich contained many b izarre  nuclear form s ch aracteristic  of the 

granulom as produced in  a d isea se  of the newborn, granulom atosis 

inf anti sep tic  a .

6. S er ia l sectio n s of infected tissu e  cultures revealed  a 

granulom atous inflam m atory reaction . The c e lls  responsib le for th is 

rea ctio n  appeared to a r ise  from  vascu lar sinus endothelium. This

100
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r e a c t io n  was s i m i l a r  to tha t  d e sc r ib e d  for  g ranu lom atos is  inf anti- 

s e p t ic a .

7. It is  not known at th is  t ime if the granulom atous  response  

seen  in the c u l tu re d  t i s s u e  was specific  fo r  L. monocytogenes or if 

it was p ro d u c e d  as a r e s u l t  of a nonspecif ic  i r r i t a n t .
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