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In tro d u c tio n

Almost th re e  decades have passed s in ce  the f i r s t  d e s c r ip tio n  of 

the bacterium  known as  L is te r ia  monocytogenes. The p ass in g  o f tw enty 

e ig h t  years has added l i t t l e  to  our knowledge o f e i th e r  the bacterium  o r 

to  the  h o st o f d ise a se s  w ith  which i t  has been a s s o c ia te d . To many i t  

i s  thought to  be o f l i t t l e  o r no economic im portance. I t  i s  o f te n  r e l e g a t ­

ed to  the  c la s s  o f  lab o ra to ry  c u r i o s i t i e s ,  a bacterium  th a t  can produce 

a  h igh  c i r c u la t in g  m onocytosis in  the  p e rip h e ra l blood o r a marked p u ru ­

l e n t  c o n ju n c t iv i t i s  in  a su s c e p tib le  la b o ra to ry  an im al. But to  those 

who have s tu d ie d  i t  c lo s e ly  i t  i s  a v ic io u s  k i l l e r ,  and the few who s u r ­

v ive  i t s  a t ta c k  a re  u su a lly  l e f t  w ith  permanent p h y s ic a l o r m ental de­

f e c t s .  The c o n s ta n tly  mounting evidence suggest th a t  th i s  bacterium  i s  

a c tu a l ly  w idely d is t r ib u te d  in  n a tu re  and th a t  a l l  warm blooded anim als 

and man are  su s c e p tib le  h o s ts ;  indeed , a l l  may be c a r r i e r s .  S t i l l  un­

known a re  the  f a c to r s  which d ic ta te  th a t  in  c e r ta in  sp ec ie s  in f e c t io n  r e ­

s u l t s  in  e n c e p h a l i t i s ,  w hile in  o th e rs  in fe c tio n  i s  m an ifested  by s e p t i ­

cem ia, o r a b o r t io n , c o n ju n c t iv i t is  o r some o th e r  d is o rd e r .

S evera l f a c to r s  c o n tr ib u te  to  the  lack  o f knowledge of the genus 

L i s t e r i a .  These a re  an unewareness of the bacterium  which o f te n  r e s u l t s  

in  i t s  be ing  d iscard ed  a s  a contam inating  d ip h th e ro id ; the d i f f i c u l ty  o f 

i s o la t in g  i t  from c e r ta in  animal t is s u e s  w ith  the  consequence th a t  the  

c u ltu re  i s  rep o rte d  as n e g a tiv e ; the  m isconception  th a t  in fe c tio n  w ith  

L. monocytogenes i s  r a r e ;  the i n a b i l i t y  to  reproduce in  the la b o ra to ry  

some o f  the  d ise a se s  w ith  which i t  has been a s so c ia te d  and the  f a i lu r e  

to  determ ine i t s  n a tu ra l  r e s e rv o ir .



II

I t  was f e l t  th a t  a through review  of the w o rld 's  l i t e r a t u r e  d e a l­

in g  w ith  in fe c tio n s  w ith  L . monocytogenes m ight re v e a l tren d s  o r c lues 

th a t  would a id  in  the s o lu tio n  of the many unsolved problems surround­

ing  the epidem iology and p a thogenesis  o f the  many forms of l i s t e r i o s i s .

I t  was a lso  f e l t  th a t  a study o f the  c o lo n ia l d is s o c ia t io n  o f L. mono­

cytogenes m ight lead  to  the re c o g n itio n  o f a d d it io n a l  c o lo n ia l form s; 

forms th a t  conceivab ly  might be found in  n a tu re  o r in  in ap p aren t in fe c ­

t io n s ,  and thus a id  in  the  search  to  e s ta b l is h  both  the n a tu ra l  r e s e rv o ir  

and the mode o f tran sm iss io n  from host to  h o s t .  These were the  goals —-  

the  r e s u l t s  un fo ld  on the fo llo w in g  pages.
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REVIEW



REVIEW

L is te r io s i s  i s  one o f the  most re c e n tly  described  and le a s t  under­

stood  o f a l l  the b a c te r ia l  in fe c tio n s  o f man, h is  dom estic an im als, and 

the  w ild  l i f e  which share  h is  c i t i e s  and farm s. H ulphers, a Swedish work­

e r ,  appears to  be th e  f i r s t  to  reco rd  an encounter w ith  the  cau sa tiv e  

a g e n t, L is te r ia  m onocytogenes. In  1911 he is o la te d  a bacterium  from the 

n e c ro tic  l iv e r  o f  a r a b b i t ,  and h is  d e s c r ip t io n  of the organism , p u b lis h ­

ed in  Svensk V e te r in a r t id s s k r i f t . corresponds very  c lo s e ly  to  th a t  of 

L. monocytogenes. Wo doubt the  sm all epidemic o f m en in g itis  rep o rte d  by 

A tkinson in  1917 a lso  was due to  t h i s  bacterium . The case rep o rted  by 

Dumont and Cotoni in  1921 was confirm ed by Cotoni in  191*2 as due to  L. 

monocytogenes. These re p o r ts  in d ic a te  th a t  in fe c tio n s  w ith  members o f 

t h i s  genus were known p r io r  to  i t s  f i r s t  d e sc r ip tio n  in  1926 by M urray, 

Webb and Swann. They i s o la te d  the  bacterium  from the l i v e r  o f r a b b i ts  

and guinea p ig s and named i t  Bacterium  monocytogenes. The fo llow ing  y e a r 

P i r ie  ( I 927) rep o rte d  i s o la t io n  from the l iv e r  o f the  A frican  jumping 

mouse (T a te ra  lobengu lae ) o f a bacterium  which he named L is te r e l l a  he pa to  -  

l y t i c a .  The f i r s t  recogn ized  a s s o c ia t io n  o f th is  bacterium  w ith  in fe c t io n  

in  man was in  1929 when Nyfeld in  Denmark is o la te d  i t  from the blood o f 

p a t ie n ts  w ith  in fe c tio u s  m ononucleosis.

Matthews (1928) rep o rte d  an ou tb reak  o f e n c e p h a lit is  o f unknown 

e tio lo g y  in  c a t t l e  which very  l ik e ly  was l i s t e r i o s i s .  But the  f i r s t  r e ­

p o rted  i s o la t io n  o f L. monocytogenes from a dom estic anim al was by G il l  

(1931) in  New Z ealand. He is o la te d  the  m icrobe from the  b ra in  of sheep 

and e s ta b lis h e d  the  r e l a t io n  o f th is  m icroorganism  to  the  e tio lo g y  of
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" c i r c l i n g  d isease"*  a  name s t i l l  o f te n  a p p lied  e rroneously  to  l i s t e r i o s i s *  

P letnova and S tiksove (1950) c laim  i t s  i s o la t io n  from p ig s  in  the  S ov ie t 

Union as e a r ly  as 1924*

In  re c e n t y e a rs  in fe c tio n s  w ith  th is  bacterium  have become so wide 

sp read  th a t  today i t  i s  considered  to  be the e lev en th  in  economic im portance 

among the  d ise a se s  o f  dom estic an im als . I t s  p roper p lace  in  human m edicine 

has not y e t been determ ined, bu t w ith  an in c re ased  awareness of the 

d isease*  and the  mounting number o f case r e p o r ts ,  i t  may e v e n tu a lly  be 

o f  f a r  g re a te r  s ig n if ic a n c e  than  p rev io u s ly  suspected* The ro le  o f w ild 

l i f e  in  the  spread  o f the  in fe c tio n  i s  s t i l l  to  be determ ined , bu t judg­

ing  from th e  numerous sp ec ies  from which i t  has been i s o la te d ,  i t  would 

appear th a t  i t  may have an im portan t p a r t .  I f  man i s  to  p ro te c t  h im se lf , 

and a lso  h is  dom estic anim als and w ild l i f e  from th is  in fe c tio n  which 

very  o f te n  k i l l s  o r leav es i t s  v ic tim s  p h y sic a l o r  m ental c r ip p le s ,  i t  

i s  im perative  th a t  a complete study  be made to  determ ine e f f e c t iv e  methods 

o f d ia g n o s is , mode o f tran sm iss io n , methods of trea tm en t and a  system 

o f con tro l*

U n til  1940 th e re  was co n sid erab le  confusion in  the  nom enclature o f 

th i s  bactdrium  due to  the  in te rchange  of the g en eric  names L is te r e l l a  

and L i s t e r i a * P i r i e  ( 1927) chose L is te r e l l a  a s  the  g eneric  name in  honor 

o f  Lord L is te r*  th e  w ell known p io n ee r in  the f i e l d  of b a c te r io lo g y .

However, t h i s  name had a lread y  been ap p lied  to  a group o f slim e molds 

(M ycetozoaire) by Jahn (1906) .  Bacterium  as a p p lie d  by Murray e_t a l*

( 1927) was u n d e s irab le  because the  m icrobe d id  not po ssess  the  c h a ra c te r ­

i s t i c s  o f t h i s  genus. In  193& M esnil proposed th a t  in  a l l  d u p lic a tio n  

o f g e n e ric  names, on ly  the  one f i r s t  a p p lied  should be considered  v a l id .
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T his re s o lu tio n  was adapted  by th e  committee on nom enclature of the 

T hird  In te rn a t io n a l  Congress f o r  m icrob io logy , New York, 1939* (P re v o t,

1944)* This in v a lid a te d  the  g en eric  name proposed by P i r i e  and in  1940 

he proposed the  name L i s t e r i a , which was adopted in  the s ix th  e d i t io n  o f 

Bergev* s Manual o f  D eterm inative  B acterio logy  (1948), and i s  now the 

o f f i c i a l  g en eric  name. Wilson and M iles (1948) in  ike th ird  e d i t io n  o f 

Topley and W ilson1s P r in c ip le s  o f B ac terio lo g y  and Immunity, employed th e  

g e n e ric  name E ry s ip e lo th r ix . This was based on the  work of Barber (1939) 

who showed th a t  th e re  were s t r ik in g  s im i l a r i t i e s  between L is te r ia  and 

E ry s ip e lo th r ix . I t  i s  hoped th a t  th ese  au tho rs w i l l  confoim to  the  newer 

nom enclature in  t h e i r  next e d i t io n .  The spec ies name monocytogenes i s  

based on the  f a c t  th a t  la rg e  numbers o f monocytes a re  o f te n  found in  the  

p e r ip h e ra l  blood o f both  n a tu ra lly  and a r t i f i c i a l l y  in fe c te d  an im als .

O ther synonyms in  a d d it io n  to  those a lre ad y  m entioned a r e :  Bacterium

h e p a tis  (H ulphers, 1911); L is te r e l l a  monocytogenes hom inis (N y fe ld t,

1932) Corynebacterium  parvulum (SchtjElz e t  a l .  , 1934) Cornybacterium  

in fa n tis e p tic u m  (D o te l, 195°) and L is te r ia  in f a n t is e p t ic a  (P o te l ,  1952) .

L is te r ia  monocytogenes i s  a sm all gram p o s i t iv e , non-spore form ing 

d ip h th e ro id - l ik e  ro d . I t  i s  very  e a s i ly  confused w ith  members o f the  

genus Corynebacterium . and no doubt o f te n  has been d iscard ed  as a  " con­

tam ina ting  d ip h th e ro id " • S ev era l re p o r ts  in  the  l i t e r a t u r e  b ear th is  out 

(A tk inson , 1917t T esd a l, 1934; M arcellus e t  a l . .  193&? Kennedy, 1947;

P o te l ,  1950). I t  i s  ex trem ely  r e s i s t a n t  to  hea t (Ozgen, 195I» Zink e t  a l . . 

1951) and d e s s ic a t io n ,  bu t i s  k i l l e d  by most o f the  common d is in f e c ta n ts  

(Kaboyashi, 1951)# I t  i s  e a s i ly  c u lt iv a te d  on th e  common b a c te r ia l  

m edia. D ifco* try p to se  agar a f fo rd s  an e x c e lle n t  s u b s tra te  f o r  growth

*Difco L a b o ra to r ie s , I n c . ,  D e t ro i t ,  Mich.
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and p re se rv a tio n  o f c u ltu re s*  I t  i s  a e ro b ic  to  m ic ro ae ro p h ilic  and when 

grown a t  room tem perature  e x h ib i ts  a p e c u lia r  tum bling m o ti l i ty  which 

u su a lly  i s  a b sen t when grown a t  37° On blood agar i t  i s  b e ta  hem olytic 

and i s  not known to  produce e i th e r  endo- o r exotoxins* In travenous i n ­

o c u la tio n  o f r a b b i t s ,  guinea p ig s  o r mice s tim u la te s  th e  fo rm ation  o f a  

h igh  percen tage o f c ir c u la t in g  monocytes* Most s t r a in s  produce a c h a ra c te r ­

i s t i c  c o n ju n c t iv i t i s  and k e r a t i t i s  when i n s t i l l e d  in to  the c o n ju n c tiv a l 

sac  o f th e  ra b b it*  The m onocytosis and c o n ju n c t iv i t i s  o f te n  a re  used fo r  

qu ick  id e n t i f i c a t io n  of su sp e c t-c u ltu re s*

The v a rio u s forms o f l i s t e r i o s i s  a re  w idely d is t r ib u te d  and have been 

rep o rte d  from a l l  co n tin en ts*  The d ise a se  i s  most commonly found in  the  

tem perate  zone and has not been re p o rte d  from the  tro p ic s*  In  the  U nited 

S ta te s  i t  has been rep o rted  in  a l l  bu t a few sou thern  s t a t e s .  In  Canada 

i t  has been re p o rte d  as f a r  n o rth  as the Hudson Bay co u n try . Sheep, 

cows, and goa ts appear to  be the  most su sc e p tib le  sp e c ie s . Man, ch ickens, 

ro d e n ts , p ig s , h o rses and dogs fo llo w  in  th a t  o rd e r .

The epidem iology o f  l i s t e r i o s i s  in  both  anim als and man i s  ob scu re , 

and the  n a tu ra l  r e s e rv o ir  o f L* monocytogenes has never been determ ined* 

However, th e re  a re  s tro n g  in d ic a t io n s  th a t  ro d e n ts , swine o r  fow ls may 

p lay  a  p a r t  in  tra n sm iss io n . The ro le  o f in s e c ts  and p a ra s i te s  o f te n  

has been su g g ested , but su p p o rtin g  evidence i s  la c k in g . I t  a ls o  may be 

th a t  t h i s  bacterium  i s  w idely d is t r ib u te d  in  n a tu re , perhaps in  the  form 

o f  a s o i l  bacterium  o r  a s  a  saprophyte  and becomes a pathogen on ly  when 

the  h o st i s  su b jec ted  to  c e r ta in  p h y sica l o r  p h y s io lo g ic a l s t r e s s *  

L is te r io s i s  in  rum inants i s  most p rev a len t between November and A p ril 

and seldom occurs du ring  the summer. The on ly  excep tion  to  th i s  i s  the
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re p o r t  o f  Khalimbekov (1952) who found th a t  in  A zerba ijan  the d isease  

i s  most p re v a le n t du ring  the  hot summer months* Records kep t a t  the  

M ichigan A g r ic u ltu ra l  Experiment S ta tio n  in d ic a te  th a t  th e  number of 

ou tb reaks in c re a se s  two to  fo u r days fo llo w in g  sudden drops in  tem pera­

tu re  o r  heavy snow f a l l s ,  su g g estin g  th a t  c lim ate  may p lay  a p a r t .  U sual­

ly  ou tb reaks f a l l  o f f  ra p id ly  when anim als have access  to  green p a s tu re . 

The feed ing  o f e n s ila g e  was suggested  by O lafson (194°) a s  a p red isp o sin g  

f a c to r  in  s u s c e p t ib i l i t y .  However, in  an in v e s tig a t io n  o f t h i s ,  Olson 

e t  a l . (1953) could draw no d e f in i te  conclusions*  The p o s s ib i l i ty  o f a 

v iru s  as a " tr ig g e r"  mechanism has been suggested  but not confirm ed 

(Olson e t  a l . .  1951; S e e lig e r  and Leineweber, 1952; Geurden and Devor,

1954)#

The mode o f e n try  in  the h o st in  a l l  forms o f the  d ise ase  i s  o b scu re . 

E n te r i t i s  o f te n  i s  found in  e n c e p h a lit ic  l i s t e r i o s i s ,  bu t i t  i s  u n lik e ly  

th a t  food o r w ater can be in c r im in a te d . With the excep tion  o f m ice, i t  

i s  alm ost im possib le  to  in f e c t  a r t i f i c i a l l y  an anim al by the o r a l  ro u te .  

The o f te n  p re se n t r h i n i t i s  sup po rts  the p o s s ib i l i ty  o f e n try  through the  

upper r e s p i ra to r y  t r a c t .  P a lla sk e  (1940) "two occasions su c c e s s fu lly  

i s o la te d  L. monocytogenes f rom the  n a sa l exudate o f ewes w ith  l i s t e r i o s i s .  

The c o n ju n c t iv i t i s  o f te n  found in  l i s t e r i o s i s  suggests  th a t  the eye may 

p lay  a p a r t  in  tran sm iss io n  (Van D r ie s t ,  194®* S lo o f f ,  1948; Beute e t  a l , . 

1948t Gray e t  a l . .  1951). Graham e t  a l .  (1943) aad Gray e t  a l .  (1948) 

each rep o rte d  one in s tan c e  where the  e n c e p h a lit ic  form o f the  d isease  

developed in  a p ig  and ra b b i t  re s p e c t iv e ly , fo llo w in g  o c u la r  i n s t i l l a t i o n .  

Asahi and Hosoda (1952) s u c c e s s fu lly  produced symptoms and le s io n s  o f 

l i s t e r i c  e n c e p h a l i t is  in  both g o a ts  and r a b b i ts  fo llow ing  o c u la r  i n s t i l -
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l a t io n  o f c u ltu re *  Also p o s tu la te d  i s  e n try  through sk in  breaks and 

su rv iv a l  in  the  host u n t i l  s t r e s s  c re a te s  an environment favo rab le  f o r  

the  d ise a se  (S e e lig e r  e t  a l . ,  1952)*

E v ele th  et, a l .  (1953) found th a t  when h ea lth y  sheep a re  im ported 

from in fe c te d  f lo c k s  in to  non in fe c te d  f lo ck s  the  d ise a se  o f te n  appears 

in  th e  new f lo c k  a lthough  i t  may be se v e ra l months befo re  symptoms a re  

observed# Gray e t  a l * (1951) rep o rte d  th a t  cows from the  same sou thw est­

e rn  feed in g  ranges developed the d ise a se  a t  about the  same time when 

in tro d u ced  in to  n o rth e rn  feed  l o t s ,  even though the l o t s  were w idely 

sep a ra ted  from each o th e r ,  bu t s u b je c t  to  the same c lim a tic  cond itions*  

These f in d in g s  s tro n g ly  suggest th a t  some anim als may be non c l i n i c a l  

c a r r i e r s , and one should  use cau tio n  when in tro d u c in g  new anim als in to  

a f lo c k  o r  h e rd . F u rth e r  support f o r  th i s  i s  the  f a c t  th a t  many dom estic 

an im als d isp la y  h igh  a g g lu tin a tin g  t i t e r s  fo r  the bacterium  (B e lin , 194&» 

Graham e t  a l * . 1943? H ira to  et, a l * , 1954? P o te l ,  1954)*

I t  i s  r e l a t iv e ly  easy  to  i s o la te  JL. monocytogenes from the l iv e r  

o r  o th e r  organs in  the  sep ticem ic  o r  a b o rtiv e  form o f the  d is e a s e , p ro ­

vided a f a i r l y  la rg e  inoculum i s  u sed , as i t  has been found th a t  the  

number o f organism s p re se n t may be sm all* For an unexplained  rea so n , 

i t  i s  d i f f i c u l t  to  i s o la t e  the  bacterium  from the blood of both n a tu r a l ­

ly  and a r t i f i c i a l l y  in fe c te d  anim als* This t is s u e  should  not be used 

fo r  i s o la t io n  a ttem p ts  i f  o th e r  organs a re  a v a ila b le *

In  a ttem p tin g  to  i s o la te  L* mo no cy togene s from the e n c e p h a lit ic  

fozm i t  i s  e s s e n t ia l  th a t  c u ltu re s  a re  p repared  from the m edulla oblongata* 

Spencer a t  a l * (1944)* Olson a t  a l * (1953a )» H ira to  et  ̂ a l*  (1954)
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found the  number of organism s in  t h i s  p o r tio n  of the  b ra in  to  be f a r  

g re a te r  than  in  any o th e r  a re a .  The method o f i s o la t io n  found to  be 

most su c c e ss fu l i s  a m o d ifica tio n  o f a technique d escrib ed  by B ie s te r  

and Schwarts (1939) and c o n s is ts  in  a s e p t ic a l ly  m acerating  a  f a i r l y  

la rg e  p o r t io n  o f the  m edulla in  a s t e r i l e  m orta r o r  Waring b lendor to  

which has been added 10 to  15 ml s t e r i l e  d i s t i l l e d  w ater o r  broth* 

Approxim ately 0*2 ml o f the  r e s u l t in g  suspension  i s  p la te d  on a try p to se  

ag ar p la te  and incubated  18-24  h r  a t  e i th e r  37°  C o r a t  room tem pera tu re . 

With th i s  technique i t  i s  r e l a t iv e ly  easy to  i s o la te  the  m icroorganism  

from sheep o r  g o a ts , bu t o f te n  c u ltu re s  p repared  in  th is  manner from 

the bovine rem ain s t e r i l e *  In  th i s  event the  prepared  m edulla suspension  

should be r e f r ig e r a te d  fo r  se v e ra l days o r  weeks and r e p la te d .  With the 

employment o f th i s  tech n iq u e , Gray e t  a l .  (1951) were ab le  to  dem onstrate 

the  bacterium  in  la rg e  numbers in  a l l  in s ta n c e s  where the  d ise ase  was 

suspected  and where t is s u e  s e c tio n s  rev ea led  le s io n s  c h a r a c te r i s t i c  o f 

l i s t e r i o s i s *  These f in d in g s  have been eonfiim ed by a  number o f in v e s t i ­

g a to rs  (B ein , 1931* Van den Schaaf e t  a l . ,  1931* Zink ejb a l . , 1951? 

S e e lig e r  and L inzenm eier, 1933? Geunden and Devor, 1954)* Th© number 

o f c o lo n ies  which develop in  i n i t i a l  c u ltu re s  from the bovine i s  always 

sm all compared to  those  o f the i n i t i a l  i s o la t io n  from the  ovine or 

c a p r in e . Gray e t  a l .  ( 1948) suggested th a t  th i s  phenomenon may be a s s o c i ­

a te d  w ith  a b a c te r io s ta t i c  f a c to r  in  the  bovine b ra in  which may account 

f o r  th e  g re a te r  r e s is ta n c e  to  the d ise a se  d isp layed  by cows. T issue 

s e c tio n s  re v e a l the  b a c te r ia  to be in c a rc e ra te d  in  the  fo c a l  le s io n s  

and o f te n  i n t r a c e l lu l a r ly  in  th e  macrophages and g l i a l  c e l ls *  This 

makes i t  e s s e n t ia l  th a t  the m edulla be ground*

Ik l la s k e  (1940), B e lin  (1943) ©ad Olson e t  a l .  (1953) rep o rte d
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the  su c c e ss fu l i s o la t io n  o f L. monocytogenes from the  l i v e r  and sp leen  

o f  sheep w ith  e n c e p h a lit ic  l i s t e r i o s i s .  The number o f co lo n ies  which 

developed was always sm a ll. No s im ila r  f in d in g s  a re  rep o rte d  f o r  

c a t t l e .  Except in  man, antemortem i s o la t io n  i s  u n rep o rte d .

Olson a t  a l .  (19531s) compared the  e f f ic a c y  o f v a rio u s  i s o la t io n  

tech n iq u es in  a ttem p ts  to  i s o la te  L. mono cytogenes from the  b ra in  and 

o th e r  organs of both  n a tu ra l ly  and a r t i f i c i a l l y  in fe c te d  sheep. These 

techn iques included  d u p lic a te  c u ltu re s  from each o rgan , in o c u la tio n  o f  

mice w ith  suspensions of suspected  t i s s u e ,  s to rag e  o f ground t is s u e  in  

g ly c e r in e , c e n tr ifu g a tio n  and s e le c tiv e  m edia. The b e s t r e s u l t s  were 

ob ta ined  by g rin d in g  d u p lic a te  samples o f f r e s h  t i s s u e .  With th i s  

technique in  ano ther study  Olson et. a l . (1953s1) su c c e ss fu lly  is o la te d  

L. monocytogenes from the  b ra in  o f 94% of  the  sheep b ra in s  c u ltu re d . 

U nfo rtunate ly  they  d id  not inc lude  in  th e i r  study  the  r e f r ig e r a t io n  

technique d escribed  in  the  preced ing  paragraphs which gave 100% i s o l a ­

t io n s  from sheep b ra in s  which showed p e r iv a sc u la r  c u ffin g  and fo c a l  

n e c ro s is  c h a r a c te r i s t i c  o f l i s t e r i c  e n c e p h a l i t i s .  (Gray e t  a l . , 1951). 

In  re sp e c t to  the  potassium  t e l l u r i t e  medium d esc rib ed  by Gray et. a l .

(1950), Olson e t  a l • (1953) found in h ib i t io n  o f many in d iv id u a l s t r a in s .  

This f in d in g  has been confirm ed in  unpublished s tu d ie s  and l im i ts  to  

a  marked degree i t s  use in  i s o la t io n  a tte m p ts .

The in o c u la tio n  of r a b b i ts  o r  Guinea p ig s  w ith  t is s u e  suspensions 

o r  body f lu id s  suspected  o f harbo ring  L. monocytogenes has been em­

ployed w ith  success in  the  S ov ie t Union. With th i s  technique Gudkowa 

and S acharo ff ( 1946) and B i l ib in  (1949) dem onstrated the  p resence  of 

L. monocytogenes in  the  blood o f p a t ie n ts  w ith  an in fe c tio u s  mono­

n u c le o s is - l ik e  syndrome and who showed r a th e r  h igh  a g g lu tin a tin g  a n t i ­
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body t i t e r s  a g a in s t  the  s p e c if ic  bacterium . In  view of the  e x is t in g  

d i f f i c u l t y  in  su c c e s s fu lly  i s o la t in g  L. monocytogenes from b lood , th e re  

i s  a need fo r  w ider a p p lic a tio n  o f t h i s  technique in  both  human and 

v e te r in a ry  m ed ic ine .

At p re sen t e n c e p h a li t is  in  rum inants i s  the  form o f l i s t e r i o s i s  

most f re q u e n tly  recognized  and i s  o f g re a te s t  economic im portance.

I t  g e n e ra lly  o ccu rs  du ring  the p erio d  from la te  November to  the  f i r s t  

o f  May, and i s  most p rev a len t d u ring  February and March. I t  may a f f e c t  

an im als o f a l l  ages a lthough  th e re  a re  in d ic a tio n s  th a t  the  young a re  

more su sc e p tib le  than  o ld e r  an im als . E n c e p h a litis  w ithout sep ticem ia  

i s  unknown befo re  the  rumen i s  fu n c t io n a l .  I t  may a f f e c t  both  sexes 

bu t th e re  i s  evidence th a t  pregnant ewes a re  in fe c te d  more f re q u e n tly  

th an  non-pregnan t. Beef c a t t l e  appear to  be more su sc e p tib le  than  

d a iry  c a t t l e .  The h igher incidence  in  beef c a t t l e  may be exp la ined  by 

th e  f a c t  th a t  g e n e ra lly  they  a re  exposed to  a  more v igorous w in te r 

environm ent.

In  sheep and goa ts the d ise a se  i s  extrem ely acu te  and d ea th  may 

occur in  fo u r to  48 k r a f t e r  appearance o f symptoms. Some su rv ive  

s e v e ra l days* Recovery i s  r a re  in  sheep and goa ts th a t  show d e f in i te  

symptoms o f in f e c t io n .  M o rta lity  may range from th re e  to  30% o r  m ore. 

R ecently  a t t e n t io n  has been focused on a more chron ic  n o n -fa ta l  form o f 

e n c e p h a li t is  in  sheep . This u su a lly  occurs s im u ltaneously  w ith  the 

more ty p ic a l  form . Many o f th ese  anim als a re  sa id  to  rec o v e r, but u n t i l  

a b e t t e r  antemortem d iag n o sis  i s  developed i t  can no t be s ta te d  d e f i n i t e ­

ly  w hether th ese  sheep have had l i s t e r i o s i s  o r n o t . I f  they a re  a c tu a l ­

ly  in fe c te d  w ith  L. monocytogenes. th e re  i s  the  p o s s ib i l i ty  th a t  they
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may a c t  a s  c a r r i e r s  fo r  long p e rio d s  o f tim e . F u rth e r  re se a rc h  i s  

needed to  c o n f im  o r  deny th i s  h y p o th e s is . For the  p re se n t i t  appears 

th a t  such recovered  anim als should be e lim in a ted  from the  f lo c k  a s  qu ick­

ly  a s  p o s s ib le .

In  c a t t l e  the  d ise a se  i s  more chron ic  in  n a tu re  and most cows s u r ­

v ive  from fo u r  to  14 days. Pounden e t  a l .  (194? )  rep o rte d  one o f the  

few acu te  ou tb reaks in  c a t t l e  in  which deaths were sudden and a h igh  

percen tage  o f the herd was a f f e c te d .  U sually  no more than  e ig h t to  

10% o f a  herd i s  a f f e c te d .  Spontaneous recovery  may o f te n  be observed 

in  c a t t l e  (B ie s te r  and Schw arte, 1941? Jensen and la c k e y , 1949)* bu t 

many o f th ese  an im als , and a ls o  those  which respond to  th e rap y , show 

evidence o f permanent b ra in  damage. These anim als a re  u n s ig h tly  and 

unable to  compete w ith  the r e s t  o f  the  h e rd . This p re se n ts  no p a r t i c u la r  

problem in  e i th e r  management o r p u b lic  h e a lth  in  beef c a t t l e  u n less  

they  continue a s  c a r r i e r s ,  which i s  no t y e t e s ta b l is h e d ,  but does have 

e s th e t ic  d isadvan tages in  d a iry  h e rd s .

The symptoms in  sheep, goa ts  and c a t t l e  a re  s im ila r  and d i f f e r  only  

in  s e v e r i ty .  At the  onse t the  in fe c te d  anim al u su a lly  se p a ra te s  i t s e l f  

from th e  r e s t  o f the  h e rd . I t  appears dep ressed , confused and i n d i f f e r ­

e n t to  su rro u n d in g s. Then fo llo w s in co o rd in a tio n  and t o r t i c o l l i s .

Often lo c a l  p a ra ly s is  o f the  f a c i a l  and th ro a t  m uscles in te r f e r e s  w ith  

swallowing and r e s u l t s  in  marked s a l iv a t io n  and drooping o f one o r  both 

e a r s .  In te rm it te n t  tw itch in g  o f these  m uscles i s  o f te n  observed , but 

fra n k  convulsions a re  r a r e .  There i s  o f te n  s trab ism u s , c o n ju n c t iv i t i s  

and the anim al may appear b l in d .  A marked n a sa l d isc h a rg e , an o rex ia  and 

a tem perature o f as much a s  108° F o r  more a re  common. In  the  e a r ly



11 -

s ta g e s  th e  anim al tends to  crowd in to  a  co rner o r  lean  a g a in s t  s ta t io n a ry  

o b je c ts  a s  i f  unable to  stand  unsupported . I f  the anim al walks i t  o f te n  

moves in  a c i r c l e ,  and i f  i t  c i r c l e s ,  i t  i s  always in  the  same d i r e c ­

t io n .  Only a sm all percen tage  of the  anim als w ith  l i s t e r i c  e n c e p h a lit is  

show th i s  symptom. In  the  te rm in a l s ta g e s  the  an imal  f a l l s  and can not 

g e t up u n a s s is te d . When i t  i s  down th e re  a re  g e n e ra lly  in v o lu n ta ry  and

a im less  running  m o tions. The head , neck, and fo re  le g s  u su a lly  a re

more ten se  than  the  p o s te r io r  p a r t  o f the  body. V isc iousness i s  not 

seen excep t o c c a s io n a lly  in  c a t t l e .  I t  i s  u n lik e ly  th a t  a l l  these

symptoms would appear in  any one anim al* Many cows show only  an i n a b i l i t y

to  swallow due to  p a ra ly s is  o f f a c i a l  and th ro a t  m usc les.

Antemortem d iag n o s is  o f l i s t e r i o s i s  i s  v i r tu a l ly  im possib le  as 

th e re  i s  no s a t i s f a c to r y  d ia g n o s tic  t e s t .  L is te r io s i s  can be confirmed 

only  by i s o la t io n  and id e n t i f i c a t io n  o f  L* monocytogenes. Some p ro g ress  

i s  be ing  made toward developing a s e ro lo g ic a l t e s t ,  e s p e c ia l ly  in  human 

m edicine , in  Germany (S e e lig e r , 1953)* The blood p ic tu re  u su a lly  shows 

no v a r ia t io n  from normal and the  p e r ip h e ra l m onocytosis o f te n  found in  

man, ro d e n ts , and a r t i f i c i a l  in fe c tio n s  seldom i s  seen in  in fe c te d  

rum inants*

In  man L. monocytogenes has been is o la te d  on numerous occasions by 

means of sp in a l  p u n c tu re . This technique a p p lied  to sheep and c a t t l e  

has thus f a r  r e s u l te d  in  f a i l u r e .

I t  has o f te n  been dem onstrated th a t  c l i n i c a l  symptoms alone a re  

no t s a t i s f a c to r y  a s  a d ia g n o s tic  c r i t e r io n .  Subsequent deaths fo llo w ­

ing  s im ila r  symptoms in  the  same herd a f t e r  p o s i t iv e  d iag n o sis  may be 

presumed to  be l i s t e r i o s i s .  However, even th is  o f te n  proves u n re lia b le
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p a r t i c u la r ly  in  sheep f lo c k s  where l i s t e r i o s i s ,  en tero toxem ia and k e to s is  

may occur sim u ltaneously  and he d is tin g u ish e d  on ly  a t  necropsy* In  

l i s t e r i o s i s  th e re  a re  no d is t in g u is h in g  le s io n s  such as the  f a t t y  l iv e r  

in  k e to s is  and the  c h a r a c te r i s t i c  hemorrhages o f enterotoxem ia* Acetone 

may be found in  u rin e  o f an im als w ith  l i s t e r i o s i s  a s  in  k e to s is*

L is te r io s i s  in  c a t t l e  may o f te n  be confused w ith  r a b ie s ,  po iso n in g , 

a cu te  g a s t r o e n te r i t i s ,  k e to s is ,  A u jesky 's  d is e a s e , o r v i r a l  e n c e p h a l i t i s .

The e n c e p h a lit ic  fo m  o f l i s t e r i o s i s  o c c a s io n a lly  may occur in  

swine* I t  has been rep o rte d  by B ie s te r  and Schwarte (194°)• E veleth  

e t  a l*  (1953®) and in  an a ty p ic a l  form by Helmboldt ejt a l .  (1951)* In  

most in s ta n c e s  when p ig s  show symptoms suggestive  o f l i s t e r i o s i s  c u ltu re s  

prepared  from th e  b ra in  remain s t e r i l e  even a f t e r  long p e rio d s  o f r e ­

f r ig e r a t io n .  The le s io n s  found in  the  m edulla oblongata  o f these  p ig s 

d i f f e r  from the u su a l ones c h a ra c te r iz in g  l i s t e r i o s i s ,  and more c lo se ly  

resem ble those  o f one o f the  v i r a l  in f e c t io n s .  I t  i s  very  p o ss ib le  

th a t  these  symptoms and le s io n s  in d ic a te  a n e u ra l m a n ife s ta tio n  o f hog 

c h o le ra •

U sually  th e re  a re  no d e te c ta b le  g ross le s io n s  in  anim als th a t  d ie  

w ith  e n c e p h a lit ic  l i s t e r i o s i s .  R arely  s l ig h t  c louding  of the  meninges 

o r  p in -p o in t g rey ish  w hite fo c i  may be observed . There may be s l ig h t  

congestion  of the  b ra in  and a few sheep b ra in s  show marked congestion* 

U sually  th e re  i s  an in c rease  in  the  amount o f ce reb ro sp in a l f l u i d .

Lesions in  o th e r  v is c e ra  a re  r a r e  bu t o c c a s io n a lly  f a t t y  l i v e r ,  d u o d en itis  

o r  pulmonary edema a re  seen . F a lla sk e  (1940) re p o rte d  marked fo c a l  

h e p a tic  n e c ro s is  in  an a d u lt  sheep . These le s io n s  have not been r e p o r t ­

ed fo r  c a t t le *
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I t  has been w ell e s ta b lis h e d  th a t  the  m icroscopic le s io n s  a re  con­

f in e d  p r im a r ily  to  the  pons, m edulla and a n te r io r  sp in a l co rd . Both 

the  w hite and grey m a tte r  may be in v o lv ed . I t  i s  f e l t  th a t  the prim ary 

le s io n s  develop in  the  b ra in  substance and th a t  the  m eningeal le s io n s  

r e s u l t  from e x te n s io n . The predominant le s io n s  a re  marked p e r iv a sc u la r  

c u ff in g  w ith  vary ing  degrees o f fo c a l  n e c ro s is .  The p e r iv a s c u la r  c u ffs  

c o n s is t  m ainly o f mononuclear c e l l s  in  a l l  sp ec ie s  o f ru m in an ts . How­

e v e r, Gray and Moore (1953) rep o rted  marked d if fe re n c e s  between sheep 

and cows in  the  c e l lu l a r  c o n s t itu e n ts  o f the  fo c a l  le s io n s .  In  sheep 

and goa ts the  fo c i  co n ta in  a preponderance of polym orphonuclear leuko­

cy tes and in  some in s ta n c e s  may appear p u ru le n t . Both O lafson ( I 940) and 

B allaske (1940) c a l l  a t t e n t io n  to  the p u ru le n t na tu re  o f the le s io n s  in  

sheep . In  some in s ta n c e s  the  normal parenchyma may be a lm ost com pletely 

d is in te g r a te d .  There i s  edema and hem orrhage, and neurons in  the a f ­

fe c te d  a re a s  show v a rio u s  s tag es o f d e g en e ra tio n . Neuronaphagia a ls o  

may be p re s e n t .  The blood v e s s e ls  a re  congested , f re q u e n tly  con ta in  

thrombi and show d eg en era tiv e  changes p a r t i c u la r ly  o f the  e n d o th e lia l  

l in in g .

In  c a t t l e  the  p e r iv a sc u la r  c u ffs  a re  much sm alle r and the  fo c a l 

le s io n s  u su a lly  a re  l im ite d  to  edema and sm all fo c a l c o lle c t io n s  of 

m ic ro g lia l  c e l l s  and lym phocytes. R arely  a re  le s io n s  a s  ex ten siv e  as 

rep o rte d  f o r  sheep. This reem phasizes the more chronic n a tu re  o f the  

d isease  in  c a t t le *

L. mono cytogenes i s  never found in  the  p e r iv a sc u la r  c u ffs  bu t 

q u ite  r e a d i ly  may be dem onstrated in  the fo c a l  le s io n s  in  se c tio n s  

s ta in e d  by e i t h e r  the Goodpasture o r Gram-Weigert method* The b a c te r ia
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occur most f re q u e n tly  near the  p e rip h ery  o f the  fo c a l le s io n  and may 

be e i th e r  e x t r a -  o r  i n t r a c e l lu l a r .  In  c a t t l e  they tend to occur s in g ly  

o r in  sm all clum ps, w hile in  sheep they may form dense p laq u es .

The known re p o rte d  ou tb reaks o f l i s t e r i c  e n c e p h a lit is  in  sheep , 

goats and c a t t l e  a re  shown in  ta b le s  1 , 2 , 3 * pages 28 "to 31 #

Stockton et, a l .  (1954) review ed the  su b je c t o f a b o rtio n  due to  

L. monocytogenes. In  a d d it io n  to  the  ou tb reaks c ite d  by th ese  au th o rs  

the  fo llow ing  re p o r ts  should be in c lu d ed . Boppensiek (1944) i s o la te d  

a  gram p o s i t iv e  rod which d i f f e r e d  only  s l i g h t ly  in  c e r ta in  biochem ical 

re a c tio n s  from L. monocytogenes. Jansen (1945) rep o rte d  a b o rtio n  in  

the  r a b b i t .  Levy et, a l . (1952) d e sc rib ed  two outb reaks o f a b o rtio n  in  

c a t t l e ,  and van U lsen (1952 ) re p o rte d  the i s o la t io n  o f L. monocytogenes 

from th re e  aborted  bovine f e tu s e s .  The known rep o rte d  cases o f a b o rtio n  

in  a l l  spec ies i s  shown in  ta b le  4 * page

This form may be more p rev a len t than  i s  g e n e ra lly  su sp ec ted , and 

p re se n ts  a broad f i e l d  fo r  f u r th e r  re s e a rc h . Olson (1945) and Ferguson

( 1951) suggested th a t  th i s  bacterium  may be a normal in h a b ita n t o f the  

fem ale g e n ita l  t r a c t ,  bu t th i s  has not been confirm ed. Gray and McWade 

( 1954) in  one in s ta n c e  were ab le  to  i s o la te  th i s  agen t from the ce rv ix  

o f a so -c a lle d  re p e a t-b re e d e r  cow showing symptoms o f nymphomania. 

Repeated a ttem p ts  to  r e i s o la te  the  bacterium  from th is  cow re s u lte d  in  

f a i l u r e  but i t  does e s ta b l is h  L. monocytogenes a s  a t r a n s ie n t  in h a b ita n t 

o f the  fem ale bovine g e n i ta l  t r a c t .  Furtherm ore Levi ^ t, a l . (1945) on- 

countered  le s io n s  in  the  u te ru s  and sp leen  but not in  the  c e n tra l  nervous 

system o f one h e i f e r  s lau g h te red  two and a h a lf  months a f t e r  a b o rtio n  

and L. monocytogenes was recovered  from th e  ovary on the  side  where the
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pregnancy had o ccu rred ; thus in d ic a tin g  th a t  the  bacterium  may su rv ive  

f o r  r e l a t iv e ly  long  periods o f tim e in  the  bovine rep ro d u c tiv e  t r a c t .

In  c a t t l e  a b o rtio n  u su a lly  occurs between the  fo u r th  and seventh  

month o f g e s ta t io n  and the  bacterium  can be i s o la te d  from the l i v e r ,  

b lo o d , f e t a l  membranes and most commonly, from the  abomasal c o n ten ts  o f 

the  f e tu s .

Gray e t  a l .  (1954) rep o rte d  a  co n d itio n  in  c a t t l e  which appears to  

be s im ila r  to  the  ou tb reak  o f human a b o rtio n  rep o rte d  by P o te l (1953)* 

and o th e rs  ( ta b le  4* page 33)* They observed in s ta n c e s  in  th e  same 

herd  where th e  ca lves were born a t  o r  near term  bu t liv e d  on ly  a  few 

days i f  born a liv e *  The l iv in g  c a lv es  always were weak and some showed 

a  marked bloody d ia r rh e a . L. mono cy togenes was is o la te d  in  pure c u ltu re  

from the l iv e r  o f e ig h t ca lves and m icroscopic fo c a l  h e p a tic  le s io n s  

were dem onstrated in  two ca lves not c u ltu re d . At necropsy the  most con­

spicuous a l t e r a t io n  was marked hemorrhagic g a s t r i t i s  and e n t e r i t i s .

Some calves showed a few p in p o in t n e c ro tic  fo c i  in  the l i v e r .  A s im ila r  

c o n d itio n  was re p o rte d  in  one c a l f  by Harbour (1941). At no tim e was 

L. mo no c.v to  ge nes is o la te d  from the  dam, but in t r a u te r in e  in fe c t io n  was 

s tro n g ly  su g g ested . A s im ila r  co n d itio n  in  lambs has been rep o rte d  by 

Jepsen (192j2) and Gray e t  a l .  (1949)* The ro le  o f  L. monocytogenes in  

the e a r ly  death  o f c a lv es  and lambs needs fu r th e r  in v e s t ig a t io n .  I t  

may be th a t  th i s  bacterium  p lays a f a r  more im portant p a r t  in  d iso rd e rs  

o f the  very  young than p rev io u s ly  su sp ec ted .

In  sheep a b o rtio n  occurs a t  o r  near term  and i s o la t io n s  can be 

made from the  same organs as in  the bov ine . As in  the bov ine , th e re  

a re  no d is t in g u is h in g  le s io n s  to  suggest the e tio lo g y . A bortion and
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e n c e p h a li t is  a re  not known to  occur sim ultaneously  in  the  same f lo c k  o r 

herd* With the  p re sen t p a u c ity  o f in fo rm ation  i t  can not be s ta te d  

whether L* monocytogenes p lay s  a  prim ary o r secondary ro le  in  these  a b o r­

tio n s*

I t  has been shown th a t  L* monocytogenes can a t ta c k  a wide range of 

av ian  species*  Besides being  is o la te d  from the chicken ( ta b le  5* P&ge 35) 

i t  has been is o la te d  from the  canary (B ig land , 1950? van der Schaaf and 

de Jong, 1951), duck and goose (Z e l le r ,  1949) w ild  wood grouse (L il le e n -  

gen* 192j2), and b lue eag le  (Schu lze , 195°)* In  fow ls the  d isease  occurs 

as a  sep ticem ia  and the  most conspicuous le s io n s  a re  m assive a re a s  of 

m yocardial d e g en e ra tio n , p e r i c a r d i t i s  and an increased  amount o f p e r i ­

c a rd ia l  f lu id *  Other le s io n s  may be fo c a l  h e p a tic  n e c ro s is ,  g en e ra lized  

edema, sp lenom egalia , p e r i t o n i t i s  and e n te r i t i s *  In  acu te  cases the 

n e c ro tic  le s io n s  a re  l e s s  marked and one on ly  f in d s  the  le s io n s  u su a lly  

a s so c ia te d  w ith  a sep ticem ia*  The bacterium  i s  e a s i ly  c u lt iv a te d  from 

the  abdominal organs*

As in  o th e r  sp e c ie s , th e  young fowl appears to  be more su sc e p tib le  

than the  o ld e r  b ird*  Outbreaks a re  u su a lly  spo rad ic  and m o r ta l i ty  in  

th e  in d iv id u a l  f lo c k  may vary  w ith in  wide l im its*  There a re  no s p e c if ic  

symptoms in  chickens w ith  t h i s  d isease*  Adult b ird s  u su a lly  d ie  sudden­

ly  w hile in  th e  young th e re  may be a slow w asting  before  death* There 

i s  d isagreem ent as to  w hether th e re  i s  a c ir c u la t in g  m onocytosis befo re  

death*

I t  has been suggested  th a t  L* monocytogenes o f te n  i s  a secondary i n ­

vader* In fe c tio n s  have been a s so c ia te d  w ith  sa lm o n e llo s is , lymphom atosis, 

and Newcastle d ise a se  (B aterson , 1937? B olin  and Turn, 1951) .  I t  has
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been is o la te d  from the  sp leen  o f  ap p a ren tly  normal chickens (F e lse n fe ld , 

1951)* Geurden and Devos (1952) re p o r te d , bu t w ithout s tro n g  su p p o rt, 

th a t  l a t e n t  in fe c t io n  may be more freq u en t than  suspected  and th a t  these  

l a t e n t  in fe c tio n s  may p lay  an im portant p a r t  in  epidemiology* They a lso  

showed th a t  sparrow s and pigeons could be in fe c te d  a r t i f i c i a l l y  and thus 

may p lay  a p a r t  in  transm ission*  Pigeons p rev io u s ly  had been rep o rte d  

to  be r e f r a c to ry  to  a r t i f i c i a l  in fe c tio n  w ith  L. mo no cvtoge ne s (Verge 

and G oret, 1941? L esbouyries, 1943)* These au th o rs  suggest the egg as 

a  p o ss ib le  source o f in fec tio n *  They is o la te d  L* monocytogenes from ex­

te n s iv e  n e c ro tic  le s io n s  in  the  ov iduct o f one hen* U n fo rtu n a te ly , no 

eggs were a v a ila b le  fo r  c u l tu r e ,  but egg in fe c tio n  does p re se n t an in ­

t e r e s t in g  ep idem io log ica l im p lica tion*  They f e e l  th a t  co n tac t p lay s  only 

a very  sm all p a r t ,  i f  any , in  the  tran sm iss ion  o f the  d ise ase  in  p o u ltry .

The presence o f la te n t  c a r r i e r s  in  a chicken f lo c k  p re se n ts  a de­

f i n i t e  p u b lic  h e a lth  h aza rd . F e lse n fe ld  (1951) rep o rted  an ou tb reak  o f 

l i s t e r i c  c o n ju n c t iv i t is  in  workers in  a p o u ltry  p ro cess in g  p la n t .  He 

is o la te d  L* monocytogenes from the sp leen  o f f iv e  a p p aren tly  h e a lth y  b ird s  

which were being  processed  a t  the  p la n t .  I t  was found th a t  th ese  b ird s  

o r ig in a te d  from a p o u ltry  farm where Graham et_ aJL. (1943) had diagnosed 

l i s t e r i o s i s  some y ea rs  b e fo re . This perhaps i s  the only in s tan ce  where 

a  d e f in i te  mode o f tran sm iss io n  could be e s ta b l is h e d , and a ls o  the only 

re p o r t  th a t  g iv es d e f in i te  in fo rm ation  th a t  L. monocytogenes may p e r s i s t  

on the same prem ise f o r  long p e rio d s  o f time*

L is te r ic  sep ticem ia  i s  found most commonly in  the m onogastric an im als. 

I t  has been re p o rte d  in  p ig s  (DeBlieck and Jansen , 1942? K e rlin  and Graham,

1945)* r a t s  (M achiavello , 1942), groundmoles (Levy, 1948) ,  raccoons
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(G iffo rd  and Ju n g h e rr, 1947)* Lemming (P lumme r and Byrne, 1950; B a rra le s , 

1953)* c h in c h il la  (Kennedy, 1947? McKay e t  a l .  * 1949; Shalkop, 1950?

Sm ith, 1953)* foxes (Cromwell e t  a l» ,  1939? Wramby, 1945? Jansen and 

Peperkamp, 1947)* dom estic and w ild  r a b b its  (H ulphers, 1911; Murray e t  

a l . . 1926; P a te rso n , 1940; H enricson , 1943? L esbouyries, 1943? Jansen and 

van d e r Hurk, 1945; Gudkowa and S ach aro ff , 194&? Schoop, 194-6; V a lle e , 

1952^), guinea p ig s  (Murray e t  a l* .  1926; V iera and C aste lo , 1944* Gudkowa 

and S ach aro ff, 194&S Roine e t  a l* .  1953)* and ho rses (G rin i, 1943? Krage, 

1944; Svenkerud, 1949)• The p r in c ip a l  le s io n  i s  fo c a l  h e p a tic  n ecro sis*

In  most in s tan c es  a c i r c u la t in g  m onocytosis can be dem onstrated in  th e  

p e r ip h e ra l blood a sh o rt tim e befo re  death* With the excep tion  o f the  

r e p o r t  o f Plummer and Byrne (1 9 5 °), no in fo rm ation  i s  a v a ila b le  d e a lin g  

w ith  a l t e r a t io n s  in  the  c e n tra l  nervous system in  these  cases* They f a i l ­

ed to  f in d  m icroscop ic  le s io n s  in  se c tio n s  prepared  from the m edulla o f 

one lemming* This form a lso  has been found in  young lambs (Jep sen , 1942? 

Gray e t  a l* .  1949) anci ca lves (H arbour, 1941? Gray e t  a l* .  1954) before  

the  rumen i s  fu n c tio n a l*

Gudkowa and S acharo ff (1946) in d ic a te d  th a t  ro d en ts  c o n s t i tu te  a  

r e s e rv o ir  fo r  the  in f e c t io n .  They claim  th a t  L. monocytogenes i s  w idely 

d is t r ib u te d  in  m ice, r a t s  and r a b b i t s ,  and th a t  they  were ab le  to i s o la te  

the bacterium  from the  m asal mucous membrane o f 0 *5% o f a l l  h e a lth y  ra b ­

b i t s .  However, t h i s  has not been confirmed and bo th  Olafson (1940) and 

Graham .et a l * (1943) f a i l e d  to  i s o la t e  L* monocytogenes from any o f a 

la rg e  number o f r a t s  caught on farms where ou tb reaks o f ovine l i s t e r i o s i s  

were in  p rogress*

There i s  no s a t i s f a c to r y  ex p lan a tio n  as to  why lo c a liz e d  e n c e p h a lit is
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does no t occur in  th ese  anim als* Gudkowa and S acharo ff (194-6) p o s tu la te  

a  d if fe re n c e  in  a d a p ta tio n  in  the s t r a in s  which produce e n c e p h a lit is  and 

those  which produce e i th e r  sep ticem ia o r  in fe c tio u s  m ononucleosis and 

th a t  th e  p a r t ic u la r  d ise a se  produced i s  a m a n ife s ta tio n  o f the  s p e c if ic  

a d ap ta tio n *  They re p o r t  th a t  passage through the  b ra in  o f lab o ra to ry  

anim als in c reased  th e  v iru le n ce  o f the  s t r a in  fo r  b ra in  t i s s u e .  Such 

s t r a in s  may produce e n c e p h a lit is  fo llow ing  in tram u scu la r o r  in travenous 

in o c u la tio n  bu t soon lo se  th e i r  a f f i n i t y  f o r  b ra in  t is s u e  a f t e r  re p e a t­

ed in o c u la tio n  by th ese  two m ethods. They found th a t  s t r a in s  passed 

through b ra in  t is s u e  lo se  th e i r  a b i l i t y  to  ferm ent sucrose  and la c to s e  

and the fe rm en ta tio n  o f these  substances may be an index o f a f f i n i t y  fo r  

n e u ra l t i s s u e .  I t  i s  w e ll e s ta b lis h e d  th a t  th e re  i s  wide s t r a in  d i f f e r ­

ence in  a b i l i t y  to  ferm ent sucrose and la c to se  bu t f u r th e r  re sea rch  i s  

necessa ry  to  confirm  the r e la t io n s h ip  expressed  by them*

Also unexplained i s  the occurrence o f la rg e  numbers o f  monocytes in  

the  c i r c u la t in g  blood o f in fe c te d  m onogastric anim als and the ap p aren t 

absence o f  th i s  c e l l  in  the  blood o f rum inants* The development o f a  

m onocytosis fo llow ing  in travenous in o c u la tio n  in  the  common lab o ra to ry  

anim als i s  such a s p e c if ic  re a c t io n  th a t  i t  has been d escrib ed  in  the  

sp ec ie s  name o f the  bacterium ; *monocytogenes11 , g e n e ra to r  o f monocytes* 

However, Olson .et a l .  (1950) f a i l e d  to  f in d  an in c re a se  in  the number o f 

monocytes in  the  blood o f sheep fo llow ing  in travenous exposure. They 

found th a t  the polym orphonuclear leukocyte  was the  predom inant c e l l  under 

th e se  cond itions*  A lso most in v e s tig a to r s  have f a i l e d  to  f in d  monocytes 

in  the  blood o f rum inants a f fe c te d  w ith  e n c e p h a lit ic  l i s t e r i o s i s *

The monocyte producing  f a c to r  (KEF) o f monocytogenes was found
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by S tan ley  (1949) confirm ed by G irard  and Murray (1951) to  be a

n o n -an tig en ic  l i p i d  f r a c t io n  o f the  b a c te r ia l  c e l l .  This MEF was found

to  be l ib e r a te d  c h ie f ly  in  the  l iv e r  and S e i tz  f i l t e r e d  s a l in e  e x tra c ts  

o f n e c ro tic  l iv e r  produced m onocytosis in  r a b b i t s .  S im ila r  e x tra c ts  

p repared  from o th e r  in fe c te d  organs o r normal l iv e r  f a i l e d  to  e l i c i t  

re sp o n se . R esistance  in  the  rum inant l iv e r  to  th is  response may ex p la in  

in  p a r t  a t  l e s t ,  the f a i l u r e  o f L. monocytogenes to  lo c a liz e  in  the l i v e r

o f a d u lt  rum inan ts . F a ilu re  to  lo c a liz e  in  t h i s  organ may r e s u l t  in

lo c a l iz a t io n  in  the  b ra in .  However th i s  sp e cu la tio n  re q u ire s  f u r th e r  

in v e s tig a t io n  a s  very  l i t t l e  has been done in  th is  f i e l d  to  d a te .

Septicem ia in  the a d u lt  rum inant has been rep o rte d  bu t i s  ra re  

(E a lla sk e , 1940* B e lin , 1943? Olson e t  a l . .  1953®; H ira to  e t  a l . .  1954)*

The v a rio u s  medicaments fo r  the trea tm en t o f l i s t e r i o s i s  were r e ­

viewed by Gray and Moore (1953) &nd Linzenm eier and S e e lig e r  (1954) r e ­

p o rted  ex ten siv e  jln v i t r o  s tu d ie s  o f the  e f f e c t  o f the  va rio u s sulfonam ides 

and a n t io b io t ic s  a g a in s t L. monocytogenes. The v a rio u s  a n t ib io t i c s  and 

sulfonam ides d i f f e r  g re a t ly  in  t h e i r  e ffe c tiv e n e s s  on in d iv id u a l s t r a in s  

o f  L. m onocytogenes. P e n ic i l l in  was shown to be h igh ly  v a r ia b le ,  and 

may be most e f f e c t iv e  when combined w ith  one o f the su lfonam ides. Gray 

e t  a l .  (1949®) found th a t  strep tom ycin  in  low co n ce n tra tio n  in h ib i te d  the  

growth o f L. m onocytogenes. but the  m icroorganism  very  qu ick ly  developed 

a  r e s is ta n c e  to  i t .  I t  i s  p o ss ib le  to  produce a streptom ycin-dependent 

s t r a in s  o f th i s  b ac te riu m . In  v ivo  s tu d ie s  showed th is  a n t ib io t i c  to  be 

in e f f e c t iv e .  Aureomycin and terram ycin  were found to  be h ig h ly  e f fe c t iv e  

in  bo th  in  v i t r o  and in  vivo s tu d ie s  (Zink e_t a l . « 1951; Norman et. a l . ,

1951) .
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The re p o r t  o f Gray and Moore (1953) i s  one of the few devoted to  

t r i a l s  o f an a n t ib io t i c  under f i e l d  cond itions*  These a u th o rs  t r e a te d  

w ith  aureomycin 13 sheep and 25 cows suspected  o f being a ffe c te d  w ith  

l i s t e r i o s i s .  In  the  dosage used (1.25 gm I.V* p er day fo r  fo u r days 

f o r  sheep and 2*50 gn I .V . per day fo r  fo u r days f o r  cows) the  a n t ib io t i c  

was in e f f e c t iv e  fo r  sheep bu t d id  have some th e ra p e u tic  va lue  fo r  cows.

Only one sheep su rv ived  the fo u r day trea tm en t period* Many o f the  cows 

which recovered  fo llo w in g  trea tm en t l a t e r  showed symptoms suggestive  of 

permanent b ra in  damage. In  se v e ra l in s ta n c e s  owners d isposed  o f the  

anim als soon a f t e r  treatm ent*  Some anim als appeared to  reco v er but 

suddenly re lap sed  and d ie d . I t  was p o ss ib le  to  dem onstrate m icroscopic 

le s io n s  in  the  b ra in s  o f se v e ra l anim als sen t to  s la u g h te r  approxim ately  

one y ear a f t e r  tre a tm e n t. In  sheep, b ra in  damage appeared to  be too ex ­

te n s iv e  fo r  the  a n t ib io t i c  to  be e f f e c t iv e .  In c a t t l e  where a l t e r a t io n s  

in  the  b ra in  a re  le s s  se v e re , trea tm en t may be e f f e c t iv e  i f  i n i t i a t e d  

e a r ly .  The owner should be made aware of the  f a c t  th a t  symptoms may 

p e r s i s t  i f  the  anim al s u rv iv e s . This i s  no p a r t ic u la r  problem in  beef 

c a t t l e  bu t p re se n ts  numerous d i f f i c u l t i e s  in  a d a iry  h e rd .

The f a i lu r e  of therapy  once symptoms a re  e v id e n t, emphasizes the  

need f o r  a p ro p h y lac tic  agen t i f  l iv e s to c k  are  to  be p ro te c te d  a g a in s t 

th is  d is e a s e . Graham ejt a l .  (1940) found th a t  both l iv in g  and fo rm alin  

k i l l e d  b a c te r in s  had no e f f e c t  on the course o f in fe c tio n  in  sheep . The 

r e s u l t s  o f Olson e t  a l . (1951) used both  b a c te r in s  and whole blood 

from a  recovered  sheep were not very encouraging . However, E veleth  e t  

a l .  (1952.) have employed a com m ercially made vaccine fo r  the p a s t se v e ra l 

y ears  and re p o r t  some b e n e f i t  from i t s  u se . The use o f b a c te r in s  fo r  

c a t t l e  i s  u n rep o rte d . However, f u r th e r  re se a rc h  i s  necessary  in  t h i s  a re a .
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The h igh  m o r ta l i ty  o f l i s t e r i o s i s  in  man makes i t  im perative  th a t  

a l l  su spec ted  m a te r ia l  be handled w ith  c a u tio n . This i s  e sp e c ia l ly  tru e  

du ring  necropsy o f ab o rted  fe tu s e s  and sep ticem ic  cases where the number 

o f organism s i s  ap t to be very  h igh . In  the  e n c e p h a lit ic  form the bac­

t e r i a  a re  g e n e ra lly  confined to  the b ra in  and p re se n t l i t t l e  danger un­

le s s  the  b ra in  i s  removed. P a llask e  (1940)* B elin  (1943) Olson e t  a l .  

(1953) H ira to  e t  a l .  (1954)» found the  bacteritiim in  the  l iv e r  and sp leen  

o f a few a d u lt  sheep* This has never been rep o rte d  in  the cow. However, 

meat from anim als showing evidence o f a c tiv e  in fe c tio n  should no t be 

used fo r  human consum ption. On the  b a s is  o f o b se rv a tio n s  in  la b o ra to ry  

anim als and f i e l d  o b se rv a tio n s , Gray and Moore (1953) suggested th a t  

recovered  anim als a re  sa fe  f o r  food a t  le a s t  th re e  weeks a f t e r  abatem ent 

o f symptoms. Under la b o ra to ry  cond itions L. monocytogenes seldom has 

been found to  p e r s i s t  in  an exposed anim al f o r  more than  two weeks, and 

u s u a lly  not more than  f iv e  o r s ix  days. However, o c ca s io n a lly  L. mono­

cytogenes can be i s o la te d  from a  lo c a liz e d  le s io n  long a f t e r  i n i t i a l  

exposure (Levy e t  a l . ,  1952? Thompson, 1954)* ^  th i s  a ls o  occurs under

f i e l d  c o n d itio n s , i t  may account fo r  the presence o f c a r r i e r  an im als.

In  man l i s t e r i o s i s  u su a lly  occurs as m en in g itis  ( ta b le  6 , page 36 ) .  

The incidence  very  l ik e ly  i s  much h igher than published  re p o r ts  in d ic a te .  

There a re  no d i s t in c t iv e  symptoms in  the m eningeal form and i t  e a s i ly  

can be confused w ith  m en in g itis  o f o th e r  e tio lo g y . However, a ttem p ts 

to  i s o la te  L. monocytogenes from the sp in a l f lu id  have been q u ite  suc­

c e s s f u l .  This p re se n ts  a d e f in i te  a id  in  d iag n o sis  which i s  lack in g  in  

rum inants* The m o r ta li ty  due to  th is  form o f l i s t e r i o s i s  i s  about 70% 

and e i th e r  p h y s ic a l o r  m ental d e fe c ts  are  common sequel to in f e c t io n .

Less se r io u s  i s  the  c o n ju n tiv a l form . This i s  u su a lly  a lo c a l  in fe c tio n
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follow ed by complete recovery  (F e lse n fe ld , 1944; B i l ib in ,  1949; P le tneva  

and S tik so v e , 1950? Shmeleva, 1953)* P le tneva  and S tik sove  ( I9 5 0 )c a ll  

a t t e n t io n  to  the s im i la r i ty  o f th is  form o f l i s t e r i o s i s  and the o cu la r 

f o m  o f tu la re m ia , both in  the  le s io n  which develops and the  f a c t  th a t  

both appear to  be c a r r ie d  by an im als. A low grade sep ticem ic  foim ch arac ­

te r iz e d  by c h i l l s ,  f e v e r ,  ra sh  and sw ellin g  o f the lymph nodes has been 

rep o rte d  from the  S ov ie t Union by B i l ib in  (1949) and P le tneva  and S tiksove

(1950).

The r e l a t io n  o f  L . monocytogenes to  in fe c tio u s  m ononucleosis has 

been reviewed by Benazet (1943)* S tan ley  (1949) and G irard  and Murray

(1951)* The r e s u l t s  o f th ese  in v e s tig a t io n s  in d ic a te  th a t  the  r e l a t io n ,  

i f  any , o f t h i s  bacterium  to the d isease  i s  obscu re . F u rth e r  work i s  

necessary  a ls o  in  t h i s  a re a .

The ro le  o f L. monocytogenes in  human ab o rtio n  has been touched 

on in  an e a r l i e r  s e c tio n  and i s  expanded in  the  work o f P o te l (1953)* 

Erdmann (1953)* S ta rk  (1953) and many o th e r s .  The s ig n i f ic a n t  f in d in g s  

o f these  re p o r ts  a re  th a t  in  a v a s t m a jo r ity  o f the  c a se s , the  women 

were from r u r a l  a re a s  and included raw cow o r  goat m ilk  in  the d i e t .

This s tro n g ly  suggests  th e  mouth a s  the  avenue o f en trance  in  these 

in s ta n c e s . On one occasion  P o te l (1953) is o la te d  L. monocytogenes from 

an a ty p ic a l  bovine m a s t i t i s .  A woman d rin k in g  raw m ilk  from th is  cow 

a b o rted  tw ins and L* monocytogenes was i s o la te d  from the l iv e r  o f each . 

B a c te r io lo g ic a l  exam ination o f  se v e ra l hundred o th e r  m ilk  samples f a i le d  

to  y ie ld  s ig n i f ic a n t  grow th. Wramby (1944) a lso  rep o rte d  the  i s o la t io n  

of th i s  bacterium  from a case o f bovine m a s t i t i s .  M a s t i t is  due to  th is  

organism  p re se n ts  a se rio u s  p u b lic  h e a lth  problem . The re s is ta n c e  s tu d ie s  

o f Ozgen (1951) and Zink (1951) in d ic a te  th a t  L. monocytogenes can su rv iv e
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high tem pera tu res fo r  long p e rio d s  o f tim e , and Ozgen (1951) in d ic a te d  

th a t  the  bacterium  can su rv ive  p a s te u r iz a tio n *  T his f a c to r  should be 

considered  in  case o f any a b o rtio n  o r e a r ly  in fa n t  death  found to  be 

due to  t h i s  bacterium .

L is te r io s i s  does no t appear to be a se r io u s  problem in  canine popula­

t io n s .  Graham ejt̂  a l . (1943) were unable to  in f e c t  th is  sp e c ie s  a r t i f i c i a l l y .  

Cox (1945) rep o rte d  the i s o la t io n  of L. monocytogenes from the m edulla 

oblongata o f  fo u r  dogs which showed symptoms suggestive  of r a b ie s .  How­

e v e r , a l l  t e s t s  f o r  th i s  d ise ase  were n e g a tiv e . A ll these  occurred  w ith ­

in  & p erio d  of se v e ra l m onths. In  the  one case rep o rte d  by Chapman (1947) 

a  d i f f e r e n t i a l  leukocyte  count made th ree  days before  death  showed 2$% 

m onocytes. Necropsy revea led  m en in g itis  and a few c o lo n ies  o f L. mono­

cytogenes were o b ta in ed  from the m eninges, pons and l a t e r a l  v e n t r i c l e .

These appear to  be the  only  rep o rte d  in s tan c es  o f l i s t e r i o s i s  in  the  dog. 

N e v e rth e le ss , th e re  i s  reason  to  suspec t th a t  the  incidence m ight prove 

to  be much h igher i f  the b ra in s  o f a l l  dogs showing nervous symptoms were 

subm itted fo r  c u ltu re  o f th is  bac te rium .

The horse a lso  appears to  be r e l a t iv e ly  r e f r a c to ry  to  in fe c tio n s  

w ith  t h i s  m icroorganism . B elin  (194&) rep o rted  the i s o la t io n  o f L. 

monocytogenes from th e  b ra in  o f th ree  ho rses on the same farm w ith in  a 

perio d  o f fo u r weeks. The symptoms and le s io n s  a t  necropsy were s im ila r  

to those found in  o th e r  fo rn s  o f m e n in g itis . Z e l le r  (1949) m entions 

w ithou t e la b o ra tio n  two s ta in s  o f L. monocytogenes i s o la te d  from horses 

w ith  borna d is e a s e . Tabuchi ejt a l .  (1952) d escrib ed  what appeared to  be 

e n c e p h a lit ie  o r  m eningeal l i s t e r i o s i s  in  an a d u lt  h o rse . No c u ltu re s  were 

p rep a red , but t is s u e  se c tio n s  o f the m edulla rev ea led  p e riv a sc u la r  c u f f -
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in g , fo c a l n e c ro s is  and la rg e  numbers o f gram p o s it iv e  b a c te r ia .  Sep­

ticem ia  in  young fo a ls  was d iscu ssed  e a r l i e r  under sep ticem ia in  mono- 

g a s t r ic  an im als . The rep p rte d  a s so c ia t io n  of L* monocytogenes w ith  

p e rio d ic  ophthalm ia (Jo n es, 1940) has never been confirm ed.

L. monocytogenes a lso  has been in c rim in a ted  in  se v e ra l o th e r  con­

d i t io n s  which fu r th e r  emphasize the u b iqu itous n a tu re  o f the  bacterium . 

F e lse n fe ld  (1948) recovered  the  microbe from the blood o f a p a t ie n t  

w ith  a low-grade fe v e r  and m oderate enlargem ent o f the  c e rv ic a l  lymph 

nodes fo llow ing  Cesarean s e c t io n . M orris and Norman (1950) i s o la te d  i t  

from the  l iv e r  o f a p p a ren tly  normal f e r r e t s .  S la b o s p i t s 'k i l  (1938) 

i s o la te d  the m icroorganism  from p o x -lik e  le s io n s  in  p ig s .  On two occasions 

i t  has been is o la te d  from the l i v e r  o f p ig s th a t  obviously  d ied  from 

o th e r ' causes. Rhoades and S u therland  (1948) re p o rte d  i t  in  connection  

w ith  an ou tb reak  o f hog cho le ra  and B olin and E vele th  (1951) made i s o l a ­

tio n s  from the  l iv e r  o f p igs which d ied  o f lye p o iso n in g . In s tan ces  such 

a s  these  s tro n g ly  suggest th a t  swine may p lay  an im portant ro le  a s  c a r r i e r s .  

This may be sp e c u la tio n  but does p resen t in tr ig u in g  im p lica tio n s  in  the 

epizoology o f l i s t e r i o s i s .

The accum ulated case r e p o r ts  give l i t t l e  suggestion  to  the  a c tu a l  

mode o f tran sm iss io n  under n a tu ra l  c o n d itio n s . The f a c t  th a t  in  most 

o u tb reak s , e s p e c ia l ly  in  anim al p o p u la tio n s , more than  one in d iv id u a l 

was involved e s ta b l is h e s  the  contagious n a tu re  o f the d is e a s e . This was 

c le a r ly  brought ou t in  the  re p o r t  o f E veleth  (1952) who found th a t  when 

ap p a ren tly  normal sheep from in fe c te d  sheep f lo c k s  were in troduced  in to  

new f lo c k s , the  d isease  o f te n  appeared in  the new f lo c k . In  th is  manner 

12 f lo c k s  became in fe c te d  over a nine year pe riod  by in tro d u c tio n  o f 

sheep from a s in g le  in fe c te d  f lo c k .  Furtherm ore, in  a study o f 44 sheep
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f lo c k s  where l i s t e r i o s i s  had o ccu rred , E vele th  (1952a) found th a t  in  30 

o f  the  f lo c k s  the  d ise ase  appeared a f t e r  in tro d u c tio n  of anim als from 

in fe c te d  f lo c k s .  In  the  rem aining 14 cases sheep from f lo c k s  o f unknown 

h is to ry  had been in troduced  du ring  the y ear p reced ing  the  o u tb reak . Bop- 

p in s ie k  (1944) rep o rted  a b o rtio n  in  a ewe th a t  was thought to  be due to  

L. monocytogenes and th a t  subsequently  a  cow g raz ing  on the  p a s tu re  where 

the a b o rtio n  occurred  d ied  from l i s t e r i c  e n c e p h a l i t is .  Gray ejt a l .  (1951) 

rep o rted  an in s tan ce  where a sheep and a cow on the same p as tu re  both 

d ied  from l i s t e r i c  e n c e p h a l i t i s .  The p a t ie n t  o f Berry (1950) who exp ired  

w ith  l i s t e r i c  m en in g o -en cep h a litis  possessed  a pe t chipmunk which became 

s ic k  and died ju s t  s h o r t ly  before  the  p a t ie n t  became i l l .  Most o f the  

p a tie n ts  rep o rted  by Gudkowa and S acharoff (1946) ,  B i l ib in  (1949), P le t ­

neva and S tiksove (195°) &nd Shmeleva (1953) co n tac t w ith  e i th e r  

r a t s ,  m ice, c a t ,  dogs o r o th s r  an im als, but the  c o n tr ib u tio n  o f these  

anim als to in fe c tio n  could not be determ ined. The re p o r t  o f Odegaard e t  

a l .  (1952) deserves sp e c ia l m ention . The p a t ie n t  rep o rted  by them had 

cleaned a sheep barn in  which manure had accumulated du ring  the  w in te r .

A sh o rt time l a t e r  when the  p a t ie n t  su ffe red  exposure as a r e s u l t  o f a 

storm he became i l l  and d ied  o f l i s t e r i c  m e n in g itis . A sh o r t  time l a t e r  

one o f the  sheep in  the la te  p a tie n t* s  sheep f lo c k  died o f l i s t e r i c  

e n c e p h a l i t i s .  When the rem aining sheep were se n t to  s la u g h te r , L. 

monocytogenes could no t be is o la te d  from sev e ra l sheep b ra in s  c u ltu re d . 

T his case no t on ly  im p lies  con tag ion  but a lso  th a t  exposure to  adverse  

w eather c o n d itio n s  may be a p red isp o sin g  f a c to r  in  in f e c t io n .

In  none o f the above cases could the ro le  o f c a r r i e r  anim als be 

d e f in i te ly  e s ta b l is h e d , but the c ircum stances demand th a t  f u r th e r  work



should  be undertaken  in  an a ttem pt to e s ta b l is h  the  p a r t  th a t  c a r r i e r  

anim als p lay  in  the  spread of in fec tio n #  U n til  t h i s  i s  determ ined i t  

w i l l  be d i f f i c u l t  to  c o n tro l the  d isease  in  both  human and anim al popu­

la tio n s#

The ta b le s  which appear on the fo llow ing  pages are  

in tended  on ly  a s  re fe ren c es  to  known outbreaks o f 

the  d isease#  Except fo r  the re p o r ts  in  man no a t ­

tempt was made to  l i s t  the number o f in d iv id u a ls  

involved as such an a ttem p t would be in ac cu ra te  a t  

b e s t  and se rves no p a r t ic u la r  purpose . The da te  

in d ic a te d  r e f e r s  only to da te  o f p u b lic a tio n  and 

not to  the d a te  outbreaks occurred  as many re p o r ts  

covered se v e ra l years o b se rv a tio n . The prim ary 

purpose of the  ta b le s  i s  to  show the wide d i s t r ib u ­

t io n  o f L« monocytogenes and to  p resen t a r e a d i ly  

a v a ila b le  source o f b ib lio g ra p h ic  m a te r ia l .  They 

do not include  re p o r ts  in  the le s s  commonly in ­

fe c te d  sp ec ie s  which have been c ite d  in  the  t e x t .  

N e ith er included  are  review  a r t i c l e s  nor those 

d e a lin g  w ith  the c h a r a c te r i s t ic s  o f the  bacterium  

a s  such . These w il l  be included  in  a l a t e r  s tu d y .
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Table 1

I s o la t io n  o f L. monocytogenes from sheep

Author

G i l l

Doyle

Jungherr

Graham e t  a l . *

Morin

B ie s te r  & Scbwarte

D obberstein**

Olafson

F a lla sk e

Cross

Henderson

Hoffman

Jensen & Gay

Math & M o rrill

B e lin  & I a g r i f f o u l

G rin i

Pomeroy e t  a l .  

Fothmann 

Spencer a t  a l .  

van Ulsen

Year

1931

1932

1937 

1938-1942

1938 

1939.1944

1940

1940 

1940.1941.1943

1941 

19 hi

1 9 4 1 , 1 9 4 2

1941

1942 

1943,1944

1943

1943

1944

1944

1944

Country 

New Zealand 

USA 

USA 

USA 

USA 

USA 

Germany 

USA 

Germany 

USA 

USA 

USA 

USA 

USA 

France 

Norway 

USA 

Germany 

USA 

N etherlands

♦Summarized by Graham ejt a l .  (1953)*

♦♦Found ty p ic a l  le s io n s  bu t made no i s o la t io n  attem pts*
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Table 1 (c o n t .)

I s o la t io n  o f  L. monocytogenes from sheep

Author Year Country

G iffo rd  & Jungherr 1947 USA

Gray et_ a l . 1947*1951.1951a USA

Founden & Edgington 1947 USA

Ryff & Lee 1948 USA

Jensen  & Mackey 1949 USA

Stoenner a t  a l . 1949 USA

E ie land  & Finborud 1950 Norway

N aerland 1950 Norway

P le tneva  & S tik sove 1950 USSR

Fouska 1950 C zechoslovakia

Viswanathan & Ayyar 1950 In d ia

Kaboyashi 1951 Japan

Bain 1952: Canada

E vele th 1952,1954 USA

Janos & Gyula 1952 Hungary

Khalimbekov 1952 A zerbai jan

Moll 1952 USA

Odegaard e t  a l . 1952 Norway

H ira to  et_ a l .* 1954 Japan

McGrath 1954 USA

♦C ites fo u r  re fe re n c e s in  Japanese .
Tajim a, M, Y. Fujim oto and M. Ish ig u ro . 1951* Y et. Med. ^6: 75* 
Sugawa, A and K. M iy a ir i . 1951* J&P* Y et. Med. A ssoc. 4* 80 .
Byogo, Y. 1951. J a p . J .  V et. S c i .  13: 362.
Tabuchi, E, Y. Akiyama and T. Hosoda. 1952* Exp. Rep. Govt. Exp. 

S t a t .  Animal H yg., No. 2 5 * 93*

T o ta l re p o r ts  -  44



Table 2

I s o la t io n  o f L. monocytogenes from goats

Author

King

Olafson

G iffo rd  & E v e le th  

Jansen  & van den Hurk 

Kaplan & Lager 

G iffo rd  & Jungherr 

N aerland 

Asahi e t  a l*

Hyago & Kato 

Kaboyashi 

Gray e t  a l * 

Khalimbekov

Country 

USA 

USA 

USA 

N etherlands 

USA 

USA 

Norway 

Japan 

Japan 

Japan 

USA 

A zerba ijan

Year

1940

1940

1942

1943

1945

1947

1950

1951

1951

1951

1952

1952

T o ta l r e p o r ts  -  12 .
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Table 3

I s o la t io n  o f L* monocytogenes from cows

Author Year Country

Matthews* 1928; USA

Tones & L i t t l e 193^ USA

Graham et, a l* ** 1938-1942 USA

O lafson 1940 USA

B ie s te r  & Schwarte 19 41 USA

Schwarte & B ie s te r 194a USA

Pomeroy el; a l* 1943 USA

Boppensiek 1944 USA

Wramby 1944 Sweden

B atch 1946 USA

Cole 1946 USA

Belin*** 1946 France

Boucher 1946 USA

Pounden et, a l* 1947 USA

Thorp et^ a l* 1947 USA

Gray et, a l* 1948-1931 USA

F ish  & Schroder 1949 Canada

Jensen & Mackey 1949 USA

S e l le r s  e t  a l* 1949 USA

Z e lle r 1949 Germany

♦Found ty p ic a l  le s io n s but made no i s o la t io n  a tte m p ts .

♦Summarized by Graham 

♦ ♦♦Symptoms only*

e t  a l*  (1943).
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Table 3 ( e o n t .)

I s o la t io n  o f  L* monocytogenes from cows

A uthor Year Country

Bain 1950 Canada

Chivers 1950,1931 DBA

Ward 1950 USA

Boyer et_ a l* 1951 USA

Zink e t  a l* 1951 USA

van d er Schaaf et, a l* 1951 N etherlands

Anderson 1952 USA

van de r Schaaf & de Jong 1952 N etherlands

Geurden & Devos 195k Belgium

McGrath 1954 USA

T o ta l r e p o r ts  -  30
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Author

Table 4

I s o la t io n  o f L« mo no ey togene s from ab o rtio n s

Year

Ovine

B aterson

Boppensiek

Olson

C harles

E v e le th  e t  a l *

T o ta l re p o r ts  -  5

Bovine

Graham et, a l * 

Evans & Sawyer 

Wramby 

Olson

Ferguson e t  a l * 

Levi e t  a l * 

van Ulsen 

S tockton  et, a l * 

Gray e t  a l* *

1940

1944

1945 

1950 

1953

1939

1942

1942

1945

1951

1952 

1952 

1954 

1954

Country

England

USA

Sweden

A u s tra l ia

USA

USA

USA

Sweden

Sweden

USA

I s r a e l

N etherlands

USA

USA

*Some born p re m a tu ra lly , o th e rs  a t  term  but born dead*

T ota l rep orts -  9
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Table 4 (cont*)

I s o la t io n  o f  L* monocytogenes from ab ortion s

Author Year

Human

Alex and P o te l 1953

Erdmann & P o te l 1953

Hagexnann & Simon 1953

Linzeum eier et, a l*  1953

Linzenm eier 1953

S ta rk  1953

H otel* I 953/ I 954

Country Cases rep o rte d

DDR ?

DDR 10

DDR 14

Germany 1

Germany 2

DDR 4

DDR** 40

71 a s  minimum 

(alm ost a l l  

a re  f a t a l )

*Summary o f numerous prev ious r e p o r t s .  C a lls  bacterium  L is te r ia  
in f a n t i s e n t i c a *

**German Democratic Republic*
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T able 5

I s o la t io n  o f L* monocytogenes from chickens

Author Year Country

Seastone 19 35 USA

B aterson 1937,1939 England

B elin* 1941 France

Cole 1941 USA

H urt e t  a l* 1941 USA

R allaske 19U Germany

Huffman & Lenarz 1942 USA

Pothmann 1944 Germany

Wramby 1944 Sweden

Feperkamp & Jansen 1947 N etherlands

Sparapani 1947 A rgentina

Bi gland 1950 Canada,

P le tneva  & S tiksove 1950 USSR

B olin  & Turn 1951 USA

Chadkowski & Czarnowski 1951 Poland

Geurden & Devos 1952 Belgium

van Ulsen 1952 N etherlands

Thompson 1954 USA

’•Pound ty p ic a l  le s io n s  but made no i s o la t io n  a ttem pts*

Total reports -  18
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COLONIAL DISSOCIATION



COLONIAL DISSOCIATION

INTRODUCTION

From the l i t e r a t u r e  rev iew  in  Part I ,  i t  appears th a t L. mono­

cy to g en es i s  ex trem ely  u b iq u ito u s  and su g g e sts  th a t  t h i s  m icroorganism  

i s  a c t u a l ly  w id e ly  d is tr ib u te d  in  n a tu r e , perhaps in  th e form o f  a 

s o i l  bacterium  o r  a s  a sap rop h yte, and th a t o n ly  under s p e c i f i c  c o n d i­

t io n s  does i t  occu r as a p ath ogen . I t  i s  p o s s ib le  th a t f a i lu r e  to  

i s o l a t e  t h i s  organism  from so u rces  o th er  than th e anim al body r e f l e c t s  

a f a i l u r e  to  r e c o g n iz e  i t  in  a n on -p ath ogen ic  form . A ccord in g ly  an i n ­

v e s t ig a t io n  was c a r r ie d  o u t to  determ ine how many d i f f e r e n t  c o lo n ia l  

forms would d eve lop  under normal la b o ra to ry  c o n d it io n s .

The occu rrence o f  wide v a r ia t io n  in  c o lo n ia l  m orphology betw een  

v ir u le n t  and non v ir u le n t  s t r a in s  w ith in  the same b a c t e r ia l  s p e c ie s  

was reco g n ized  e a r ly  in  the h is to r y  o f  b a c te r io lo g y . I t  was su g g ested  

a s  e a r ly  as 1877 by N a g e l i .  H adley ( 1927) p u b lish ed  an e x te n s iv e  r e ­

v iew  o f  the s u b j e c t .  I t  a ls o  formed the b a s is  f o r  the more r e c e n t r e ­

v iew  o f  Braun (1947). Huddelson e t  a l .  (1952) reco g n ized  a t  l e a s t  71 

v a r ia t io n s  w ith in  th e th ree  s p e c ie s  o f  the genus B r u c e lla . That few er  

v a r ia t io n s  are rep orted  fo r  o th e r  genera may be o n ly  a r e f l e c t io n  o f  

l e s s  in t e n s iv e  s tu d y .

In  s p i t e  o f  th e r a th er  e x te n s iv e  b ib lio g ra p h y  a v a i la b le  fo r  L. mono­

cy to g en es  . th ere  i s  a p a u c ity  o f  in fo rm a tio n  r e la t in g  to  i t s  c o lo n ia l  

m orphology. Webb and Barber (1937) appear to  have been the f i r s t  to  

p u b lis h  on t h is  s u b j e c t .  They r ep o rted  the e x is t e n c e  o f  a t  l e a s t  two 

c o lo n ia l  forms d e s ig n a te d  rough and sm ooth. Barber (1939) i n a com parative
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study  o f L . monoc.ytogenes and B ry s ip e lo th r ix  rh u s io p a th iae  described  

smooth, in te rm ed ia te  and rough c o lo n ia l forms in  each s p e c ie s . P a terson  

(1940) i a  a study  o f the p a th o g e n ic ity  of L. monocytogenes f o r  the  develop­

ing  chicken embryo found th a t  th ree  "rough" s t r a in s  were non pathogenic 

w hile " smooth" s t r a in s  produced death  in  48 h r .  G rini (1943) rep o rted  

th a t  an " a v iru le n t"  s t r a in  f a i le d  to  k i l l  r a b b its  when in o cu la ted  i n t r a ­

venously bu t produced a  marked monocytosis in  the c i r c u la t in g  b lood. No 

m ention was made o f colony morphology. S oh ir ejt a l .  ( 1948) is o la te d  a 

" noh pathogenic" s t r a in  o f L. monocytogenes from cooked b e e f , but d id  

no t m ention c o lo n ia l  c h a r a c te r i s t i c s .  S evera l o th e r  French a u th o rs ,

Verge and G oret, 1941» B e lin , 1946} H a rrie r  e t  a l . , 1943; S e d a llia n  e t  a l . .  

1948; c a lle d  a t te n t io n  to  the presence of "rough" forms developing in  "smooth" 

c u ltu re s  o f t h i s  bacterium . Schoop (1951) observed "rough" co lon ies  

which co n sis ted  o f filam en tous c e l l s  in  one c u ltu re  of L, monocytogenes. 

S e e lig e r  and Linzenm eier (1952) and H irato  e t  a]L. (1954) described  two 

d i f f e r e n t  c o lo n ia l types designated  "smooth" and "rough" , but d id  not 

e la b o ra te  on the  two ty p es . In  g e n e ra l, a l l  in v e s tig a to r s  who rep o rte d  

the  presence o f rough forms c a lle d  a t te n t io n  to  the filam en tous n a tu re  

o f the c e l ls  o f rough type c o lo n ies  and th e i r  s t r ik in g  resem blance to  

rh u s io p a th ia e .

As f a r  as can be determ ined none of these in v e s tig a to r s  employed 

ob lique  l ig h t in g  as described  by Henry (1933)» in v a lu ab le  technique 

fo r  s tu d ie s  o f t h i s  ty p e . Hunter ejt a l . (1950) observed 19 c o lo n ia l 

v a r ia t io n s  by th is  technique in  a c u ltu re  o f L. monocytogenes exposed to  

b e ta  p a r t i c le s  from r^ d io  phosphorus. They found th a t  only a few of the 

v a r ia n t  c u ltu re s  d i f f e r e d  e s s e n t ia l ly  from the p a ren t s t r a in  in  fe rm en ta tiv e  

a b i l i t y ,  b iochem ical r e a c t io n s ,  o r a n tig e n ic  s t r u c tu r e .  In  genera l the
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v a r ia n ts  showed g r e a t ly  d ecrea sed  p a th o g e n ic ity  fo r  em bryonating c h ic k ­

en eggs and w h ite  m ic e . No m ention  was made o f  the a b i l i t y  o f  the v a r i ­

a n ts  to  produce a c ir c u la t in g  m on ocytosis  in  the in f e c te d  m ic e . I t  

was fo u n d , how ever, th a t la r g e  in tr a p e r ito n e a l  in o cu la  o f  the le a s t  

v ir u le n t  s t r a in s  f a i l e d  to  p r o te c t  w hite mice when s ix  weeks la t e r  th ey  

were exposed to  a l e t h a l  in o c u la t io n  o f  th e  parent s t r a in .

MATERIALS AND METHODS

Twenty c u ltu re s  of L. mo no c v to  ge ne s were employed in  th i s  s tudy . 

These included  s t r a in s  is o la te d  from sheep, cows, goats and man. They 

were s tre ak e d  on dry D ifco* try p to se  agar p la te s  in  such a manner th a t  

both co n flu en t and w ell i s o la te d  co lo n ies  developed. Approxim ately 20  

ml o f agar were poured in to  s t e r i l e  P e t r i  d is h e s , allowed to  harden and 

incubated  a t  37° C f o r  24 h r .  They were incubated  an a d d it io n a l  24 hr 

a t  room tem pera tu re . The su rface  of the  a g a r , th en , was f re e  o f con­

d en sa tio n  and ready fo r  u se . A sm all p latinum  loop (1 .0  mm diam eter) 

was used to in o cu la te  the  p l a t e s .  This loop was s u f f i c i e n t ly  f le x ib le  

to  p reven t m arring the  agar su r fa c e . The c u ltu re  to  be examined was 

s treak ed  h e av ily  a long  a quadrant of the  p la t e ,  the loop then  was flam ed, 

allow ed to  cool and l ig h t ly  touched in  the p rev io u s ly  in o cu la te d  a rea  

and the rem ainder o f the p la te  in o cu la ted  w ith  a l ig h t  ra p id  s e r ie s  of 

w idely spaced s t r e a k s .  The colony d i s t r ib u t io n  o f an id e a l ly  in o cu la ted  

p la te  i s  shown in  f i g .  1 . The p la te s  were then  incubated  a t  37° C fo r  

24 h r and examined w ith  a b in o cu la r scanning microscope equipped w ith  a 

1 .5  o b je c tiv e  and 10 X o c u la rs . Oblique l ig h t in g  was used a t  a l l  tim es. 

S evera l o f the c o lo n ia l types were v i r tu a l ly  in d is tin g u ish a b le  from each 

o th e r  w ithou t th is  tech n iq u e . The r e la t io n  o f  the m icroscope to  the 

l ig h t  source i s  shown in  f i g .  2 .

♦D ifco  L a b o r a to r ie s , I n c . ,  D e t r o i t ,  M ich igan.



F i g .  1 .  An i d e a l l y  in o c u la te d  ag a r  p la t e  show ing b o th  c o n f lu e n t  
and w e l l  i s o l a t e d  c o l o n i e s .  S c u ltu r e  a t  3 d a y s .





F ig *  2* A rrangem ent o f  l i g h t  s o u r c e , m irro r  and b in o c u la r  
sca n n in g  m ic r o sc o p e . The lamp was t i l t e d  downward 
a t  an  a n g le  o f  a p p ro x im a te ly  k0 °  a t  a  d is t a n c e  o f  
12*5 cm from  th e  f l a t  s u r fa c e d  m icro sco p e  su b s ta g e  
m irro r  p la c e d  on a m ic r o sc o p e  s l i d e  box s e t  in  f r o n t  
o f  th e  m icro sco p e*  The g r ee n  g l a s s  m ic r o sc o p e  s ta g e  
was r e p la c e d  by a p h o to g ra p h ic  p la t e  from  w hich  th e  
em u ls io n  had been  removed* A l l  c u l t u r e s  w ere e x ­
am ined w ith  th e  P e t r i  d is h  o p en .
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A fte r  the  i n i t i a l  in cu b a tio n  a t  37° C, ihe  p la te s  were allowed to  

s tan d  a t  room tem perature u n t i l  d isc a rd e d . D uring the  f i r s t  week they 

were examined d a ily  f o r  the presence of a ty p ic a l  growth. T h e re a fte r  they 

were examined a t  i r r e g u la r  in te r v a ls  u n t i l  the p la te  was e i th e r  contamin­

a te d  o r too dehydrated to  perm it fu r th e r  c o lo n ia l development. The 

ty p ic a l  smooth type colony was designated  MS*, and any secondary growth 

o r se c to rs  o f d is s im ila r  growth which appeared in  the  co lon ies  was a s ­

signed a  number beginning  w ith  one and re in o c u la te d  and incubated  as 

d esc rib ed  above. Mien any p a r t i c u la r  c o lo n ia l form f a i le d  to  y ie ld  

fu r th e r  d is s im ila r  forms a f t e r  se v e ra l p la t in g s  and long p e rio d s o f 

in cu b a tio n , one o f the co lo n ies  was tra n s fe r re d  to  a try p to se  agar s la n t  

and s to re d  in  the r e f r ig e r a to r  a t  4°  0 u n t i l  o th e r  t e s t s  were to  be 

c a r r ie d  o u t .

In  some in s tan c es  the smooth co lon ies were in o cu la ted  in to  t ry p ­

to se  b ro th  and allow ed to  incubate  a s  described  above. At a p p ro p ria te  

in te rv a ls  th ese  c u ltu re s  were s tre ak e d  on ag ar p la te s ,  incubated  and 

examined f o r  the  presence of d is s im ila r  forms*

S ev era l s t r a in s  o f both smooth and rough c u ltu re s  were p la te d  on 

try p to se  agar to  which 2 , 3 * 5 -  t r ip h e n y lte tra z o liu m  ch lo rid e  was added* 

-A 1*0% stock  s o lu t io n  of t h i s  s a l t  was p repared  in  d i s t i l l e d  w ater and 

au toclaved  fo r  15 min a t  115° C, One ml o f th is  so lu tio n  was added to  

100 ml o f m elted a g a r , mixed w e ll and p la te s  p repared  as d escrib ed  above. 

C u ltu res a lso  were in o cu la ted  in to  try p to se  b ro th  co n ta in in g  the same 

c o n ce n tra tio n  of te tra z o liu m  s a l t  and p la ted  a f t e r  vary ing  p e rio d s o f 

incubation*

Smears o f co lo n ies  re p re se n ta tiv e  of each of the various types were
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s ta in e d  w ith e i th e r  the Hucker m o d if ica tio n  o f the gram s ta in  o r w ith  

W righ t's  s t a in .  C onsistency-of the co lon ies was determ ined by s t r o k ­

ing  o r  pushing them w ith  a sm all lo o p . This was done under the scanning 

m icroscope*

The co lo n ies  were photographed by p lac in g  over the s tag e  o f the 

m icroscope a 5 1  7 Eastman C lin ic a l  Camera equipped w ith a 2j2 mm m icro - 

te s s a r  le n s .  The l ig h t  source was a Bausch and Lomb 6 v o l t  ribbon  f i l a ­

ment lamp* The rh e o s ta t  was s e t  a t  the number 3 p o s i t io n .  The c o lo r 

photos were made on 2 1 /4  X 3 1 /4  sh ee t type B Ektachrome. Exposure 

was 1 1/2 seconds w ith  the len s  diaphram open* Development was in  E a s t­

man Kodak Ektachrome p ro cess in g  chem icals su p p lied  in  k i t  form . The 

c o lo r  p r in ts  were made by Drewry Photocolor Corp.* The b lack  and w hite 

photos were made on 5 X 7 sheet Isopan exposed fo r  1/2 second w ith  the 

le n s  diaphram open* They were developed f iv e  m inutes in  Eastman Kodak 

DK-11 and f ix ed  in  Eastman Kodak ra p id  f i x  fo r  3 m in. The m ag n ifica tio n  

was the  same fo r  a l l  photos and was approxim ately 12 times*

The biochem ical and fe rm en ta tio n  re a c tio n s  o f a number o f noh- 

smooth c u ltu re s  were compared w ith  the re a c tio n s  o f the p a ren t smooth 

cu ltu re*  Ferm entation  re a c tio n s  were c a rr ie d  ou t on 20 ferm entable 

substances as in d ic a te d  in  r e s u l t s .  These compounds were added to  a 

b a sa l medium c o n ta in in g  b a c to try p to se , beef e x t r a c t ,  sodium c h lo rid e  

and d i s t i l l e d  w a te r . Bram c re so l purple  was used as in d ic a to r .  A ll 

media were s t e r i l i z e d  by a u to c lav in g  a t  15 pounds p ressu re  f o r  15 min 

w ith  the excep tion  o f  d e x tr in  and m altose which were f i l t e r e d  through a 

f r i t t e d  g la s s  f i l t e r .  A ll re a c tio n s  were observed fo r  14 days.

♦C hicago, 111
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Biochem ical re a c tio n s  were c a rr ie d  ou t using  media and methods 

d esc rib e d  in  "The Manual o f Methods fo r  the Pure C ulture Study o f 

B acteria"  •

P a th o g en ic ity  s tu d ie s  in  r a b b i ts  were c a rr ie d  ou t w ith  se v e ra l 

c u ltu re s  from non-smooth c o lo n ie s . Each c u ltu re  to  be employed was 

tr a n s fe r re d  to  try p to se  agar s la n ts  and incubated  a t  37° C fc>r  approxim­

a te ly  18 h r .  The r e s u l t in g  growth was washed o f f  w ith  s t e r i l e  d i s t i l l e d  

w ater and a d i s t i l l e d  w ater suspension  was prepared  which corresponded 

in  d e n s ity  to  the number one tube of the McFarland nephelom eter. Gener­

a l l y  a 0 .5  ml p o r tio n  o f th i s  suspension  was in o cu la ted  in tra v e n o u s ly .

In  a few In stan ces la rg e r  o r sm aller in je c t io n s  were g iven . Dosage 

was based on unpublished  o b se rv a tio n s  which revealed  th a t  th is  approxim ated 

a minimum le th a l  dose . D if f e r e n t ia l  leukocyte counts were taken immediate­

ly  preced ing  in o c u la tio n  and a t  24  h r  in te rv a ls  f o r  the next se v e ra l 

days. In  some in s ta n c e s  body tem pera tu res a lso  were reco rded .

To determ ine the a b i l i t y  o f some of the  non-smooth c u ltu re s  to  

produce a c o n ju n c t iv i t i s  in  the r a b b i t  eye, dense d i s t i l l e d  w ater su s ­

pensions were p repared  from c u ltu re s  grown a t  37°G fo r  approxim ately  

18 h r .  With the  a id  o f a c a p i l la ry  p ip e t te  a few drops o f th is  suspen­

s io n  were i n s t i l l e d  in to  the c o n ju n c tiv a l sac o f the  l e f t  eye. The 

r ig h t  eye served  as c o n tro l .

C u ltu res from fo u r  d i f f e r e n t  c o lo n ia l  typ es were used to determ ine  

p a th o g e n ic ity  in  r a b b its  by the o r a l  r o u te . These were type S , R-7*

R - l l  and R-14# Each type was grown on try p to se  agar in  a f l a t  sided  

a n tig e n  b o t t le  f o r  24 h r a t  37° C. The growth was washed o f f  w ith  tap  

w ater and th i s  c o n s titu te d  the on ly  source of f lu id  in take  fo r  the ra b b its
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f o r  a p e rio d  o f two months* The r e s u l t in g  suspension corresponded rough­

ly  to  the  number 10 tube o f the McFarland nephelom eter when compared 

in  a pho to lom eter* For a p e rio d  o f two weeks the  mouth of one ra b b i t  

in  each group was deeply la c e ra te d  every th ir d  day ju s t  befo re  the 

c u ltu re  was given# Two ra b b its  in  the group re c e iv in g  type S and one 

r a b b i t  in  each o f the o th e r  groups were fed  only  e n s ila g e  during  the two 

month p e r io d . The rem aining ra b b its  rece iv ed  Kellogg r a b b i t  p e lle ts *

At in te r v a ls  the fec e s  were c u ltu red  fo r  the presence o f the c o lo n ia l 

type being fed* The f e c a l  p e l l e t s  were m acerated in  a Waring blendor 

to g e th e r  w ith  approxim ately  15 ml of try p to se  b ro th  c o n ta in in g  0*15% 

potassium  t e l l u r i t e *  The r e s u l t in g  suspension  was incubated  overn igh t 

a t  37° C and then p la te d  on try p to se  agar* The p la te s  were incubated  

a t  37° C fo r  18 h r and examined under the  scanning m icroscope fo r  the  

presence o f the a p p ro p ria te  co lo n ia l type*

A g g lu tin a tio n  re a c tio n s  were c a rr ie d  out using  a n t is e r a  from 

ra b b its  which surv ived  the in travenous in o cu la tio n s*  A ntigens were 

p repared  by growing the  v arious c u ltu re s  to  be s tu d ie d  on try p to se  agar
A

s la n ts*  In cu b a tio n  took p lace  a t  37 C f o r  approxim ately  18 hr* The 

r e s u l t in g  growth was washed o f f  and suspended in  0.85% s a lin e  and s ta n d a rd ­

ized  w ith  0*85% sa lin e  to  a d e n s ity  corresponding to  the number two 

tube o f the  McFarland nephelometer* The c u ltu re s  were k i l l e d  by in ­

cubation  fo r  one h r in  a w ater ba th  a t  80° C* D ilu tio n s  were prepared  

as o u tlin e d  in  H The Manual o f Methods fo r  the Fure C ulture Study of 

B acteria" * A fte r  a d d itio n  of the  an tig en  the tubes were incubated  fo r  

two h r in  a w ater b a th  a t  37° C and s to re d  in  the r e f r ig e r a to r  o v er­

n igh t*  A fte r removal from the r e f r ig e r a to r  the tubes were allow ed to  

rem ain a t  room tem perature fo r  30 a f t e r  which the r e s u l t s  were re a d .
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As some non-smooth c u ltu re s  produced high  a g g lu tin a tin g  t i t e r s  

a g a in s t  smooth c u l tu r e s ,  a ttem p ts  were madte to  v acc in a te  r a b b i ts  w ith  

these  non-smooth c u ltu res*  The c u ltu re s  used were prepared  as described  

f o r  in trav en o u s in o cu la tio n *  These were in o cu la ted  subcutaneously  in  

doses rang ing  from 1*0 ml to  5*0 m l. As e a r l i e r  unpublished work r e ­

vealed  th a t  a lo c a liz e d  n e c ro tic  le s io n  developed a t  the s i t e  o f sub­

cutaneous in o c u la t io n , 15 TR ( tu rb id ity -re d u c in g )  u n i ts  o f Wydase* were 

added to  some o f the suspensions before  in o c u la tio n . A fte r  two months 

the r a b b i ts  were challenged  w ith  a l e th a l  dose o f v i r u le n t  smooth c u l tu re .

RESULTS

Exam ination o f the ag ar p la te s  w ith  the scanning m icroscope re v e a l­

ed the presence of a t  l e a s t  19 d i f f e r e n t  c o lo n ia l forms a r i s in g  e i th e r  

d i r e c t ly  from the p a re n t smooth c u ltu re  o r from one of i t s  non-smooth 

colonies*  D iffe ren ces  were d e te c te d  by v a r ia t io n s  in  te x tu r e ,  co n s is ten c y , 

c o lo r , o p a c ity , o r  morphology o f the  r e s u l t in g  grow th. I t  o f te n  was 

d i f f i c u l t  to  d is t in g u is h  two c o lo n ia l forms when they grew w idely se p a r­

a te d  from each o th e r  on the ag ar p la t e ,  but i t  was r e l a t i v e ly  easy  to  

d e te c t the more su b tle  d if fe re n c e s  in  e i th e r  c o lo r o r te x tu re  when they 

were a d ja ce n t to  each o th e r .  Fig* 14 and 25* The d e n s ity  and c h a ra c te r  

o f  the  p o p u la tio n  had a marked e f f e c t  on the appearance of many of the 

c o lo n ia l ty p e s . Dense mixed p o pu la tions produced marked changes in  colony 

s iz e  and c o lo r ,  and the tru e  d e sc r ip tio n  o f the  colony could be made only 

i f  i t  could be grown in  pure c u l tu r e .  Many of the  co lo n ies  were never 

produced in  pure fo m  in  s p i te  o f repeated  p la t in g s ,  but always gave r i s e  

to  a m ixture of c o lo n ia l  forms*

*Wyeth I n c . ,  P h ila d e lp h ia , Pennsy lvan ia , brand o f hyaluronidase
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I t  should  be po in ted  out th a t  the terms " smooth" and " rough" as 

ap p lied  to  b a c te r ia l  co lo n ies  do not always c a rry  the same connotation*

As th is  study  was devoted p r im a r ily  to  a re c o g n itio n  of c o lo n ia l types 

the  two term s were employed r a th e r  loosely*  S tu d ies  on a g g lu t in a b i l i ty  

in  a c r i f la v in e  (Braun and B o n e s te ll , 1947) and s t a b i l i t y  in  s a l t  so lu ­

t io n  as c r i t e r i a  o f  smooth, rough , o r mucoid types were not c a r r ie d  out* 

The fo llow ing  terms were a p p lie d  to c h a ra c te r iz e  the v a rio u s  c o lo n ia l 

ty p e s :

Smooth (S) -  The sm all c i r c u la r  type colony w ith  e n t i r e  m arg in , f in e ly  

te x tu re d  su rface  and found thus f a r  only  in  anim al t is su e  

o r  body f lu id s *  Highly pathogenic  fo r  ra b b its*  

In te rm ed ia te  ( I )  -  The la rg e  f l a t  sp read ing  type daughter colony

a r is in g  from smooth type co lon ies  and which always g ives 

r i s e  to a m ixture o f smooth and non-smooth c o lo n ie s , but 

never to  a pure c u l tu r e .  Pathogenic fo r  ra b b its*

Rough (R) -  The r e l a t iv e ly  la rg e  type colony w ith erose to  lo b a te  edge, 

co arse ly  te x tu re d  su rfa c e . Most f re q u e n tly  found as 

se c to rs  o r daughter co lo n ies  developing from the i n t e r ­

m ediate ty p e . O ccasionally  found d i r e c t ly  as se c to rs  o r 

daugh ters in  smooth type c o lo n ie s . Play o r  may not be 

ob ta ined  in  pure c u ltu re .  Non pathogenic f o r  ra b b its*

In  s p i te  o f e n t i r e  m argin and smooth s u r fa c e , type 11 

was inc luded  here  on the b a s is  o f developm ent.

Non-smooth (N-S) -  Any form o th e r  than  th a t  d escribed  under .smooth*

Color o f te n  played an im portant p a r t  in  d is tin g u is h in g  one c o lo n ia l 

form from another* As c o lo r in te r p r e ta t io n  i s  o f ten  la rg e ly  su b je c tiv e  

i t  i s  d i f f i c u l t  to  a s s ig n  d e f in i te  co lo r va lues to  an o b je c t un less i t  i s
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compared to  some stan d ard  such as the  "M unsell Book of C olor, 19i|2n , 

a technique which Huddelson (1952.)employed* In  th is  study no such 

comparison was made* However, the most im portan t c o lo n ia l types are 

reproduced by co lo r p r in ts *  U n fo rtu n a te ly , due to  the in h e re n t d i f f i ­

c u l t i e s  o f c o lo r p r in t in g ,  the  c o lo rs  a re  not too exact and in  some, 

most o f the  topog raph ica l fe a tu re s  a re  l o s t .  However, i t  i s  hoped th a t  

they  w i l l  convey to  a sm all degree some o f the more su b tle  fe a tu re s  of 

the v a rio u s colony types which can be f u l ly  ap p rec ia ted  only  when viewed 

d i r e c t ly  through the  m icroscope*

The o r ig in  and d e s c r ip tio n  of the p r in c ip a l  colony types i s  given 

o p p o site  the photographs which appear on the  fo llow ing  pages*



Fig. 3. Type S

Found in  a l l  i s o l a t i o n s  from  an im al o r  human t i s s u e  o r  
body f l u i d s .

Agar c o lo n ie s  a t  24  h r  e re  p u n tifo im , t r a n s lu c e n t ,  
s l i g h t l y  r a i s e d  w ith  a f i n e l y  te x tu re d  s u r fa c e  and 
e n t i r e  m arg in , b lu e -g re e n  in  c o lo r .  W atery in  con­
s i s te n c y .  A f te r  f iv e  to  te n  days w e ll i s o l a t e d  
c o lo n ie s  re a c h  a d iam e te r o f  two to  f iv e  mm, a re  more 
b lue  in  c o lo r ,  s l i g h t l y  umbonate and ru b b ery  in  con­
s i s te n c y .  May show ev id en ce  o f  d a u g h te r c o lo n ie s  
o r  s e c to r  fo rm a tio n . C e lls s  s h o r t  ro d s  1 . 0  to  1 . 5  N 
X 0 . 5  m ic ro n s . Some c o c c o id , cu rv ed , Y and T fo rm s. 
P a lis a d e  arrangem ent common. Few long  form s up to  
7 . 0  m icrons in  le n g th .  Tumbling m o t i l i t y .  H ighly 
p a th o g e n ic .

F ig .  4* Ten day o ld  S c u ltu re  on a g a r  c o n ta in in g  2 ,  3 ,  5 -
t r ip h e n y lte tr a z o l iu m  c h lo r id e ,  showing fo u r  d i s t i n c t  
growth z o n es ; deep p u rp le  c e n te r ,  r e d ,  p in k  and p a le  
g reen  a t  p e r ip h e ry . I t  has no t been de term ined  i f  
each zone g iv e s  r i s e  to  a c h a r a c t e r i s t i c  c u l tu r e .
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Fig. 5* Types 1-1, 1-2, R-4 and R-5.

F i r s t  a p p ea r a f t e r  about f iv e  days in c u b a tio n  o f  S type  
s to c k  c u l tu r e s .  R are ly  develop  in  f r e s h ly  i s o l a t e d  S 
type  c u l t u r e s .  Large sp re a d in g  in te rm e d ia te  ty p e , f l a t  
c o a rse  s u r f a c e , t r a n s lu c e n t ,  f ila m e n to u s  m arg in , s t r in g y  
in  c o n s is te n c y .

1 -1 . Are p a le  to  b r ig h t  g ree n  depending on a g e .

1 -2 . Are p a le  to  b r ig h t  b lu e .  P la t in g  g iv e s  r i s e  to  
co lony  ty p es  S , R-4* an& i n d i f f e r e n t  p ro p o r t io n .
1-2 g iv e s  more S th an  does I->1.

R-4* A rise  from  p la t in g s  o f  1-1  o r  1 -2 . Agar c o lo n ie s  
a t  24  h r  a re  sm a ll i r r e g u l a r ,  s l i g h t l y  opaque, r a is e d  
to  um bonate, c o a r s e ly  grooved s u r f a c e ,  u n d u la te  to  lo b a te  
m arg in , b lu e ,  w atery*  C e l l s :  S im ila r  to  type S b u t more
lo n g  fo rm s. Tumbling m o t i l i t y .  P a th o g en ic .

R-5* A rise  from  p la t in g s  o f  1-1  o r  1 -2 . Agar co lon ies  
a t  24  h r  a re  l a r g e r ,  i r r e g u l a r  to  f i la m e n to u s , opaque* 
s l i g h t l y  r a i s e d ,  f i n e ly  te x tu re d  to  deep ly  grooved s u r ­
fa c e  , lo b a te  to  f i la m e n to u s  m arg in , cream to  p a le  ye llow , 
w a te ry . C e lls  : S im ila r  to  R-4 b u t more long  fo rm s.
May show few f i la m e n ts .  Tumbling m o t i l i t y .  P athogen ic .

These ty p e s  canno t be m a in ta in ed  p u re . P la t in g  g ives 
r i s e  to  type  S c o lo n ie s  which very  q u ick ly  develop  type 
1 -1 , 1-2  and R-3 d a u g h te r  c o lo n ie s ;  type R-4 and R-5 
c o lo n ie s ;  o c c a s io n a l ly  type  R-3* R-7 and R - l l  c o lo n ie s . 
R-5 d i s s o c i a t e s  more r a p id ly  th an  R-4* and type R-3 
d a u g h te r  c o lo n ie s  can be seen  a s  e a r ly  a s  24  hr*

F ig .  6 .  Type R -3 .

A rise  a s  d a u g h te r  c o lo n ie s  from  f iv e  to  te n -d a y  o ld  type 
S c o lo n ie s ,  o c c a s io n a l ly  from  p la t in g s  o f R-4 and R-5* 
Develop r a p id ly  in  some f r e s h ly  i s o la te d  S -type  c u l tu r e s .

Agar c o lo n ie s  a t  24 h r  a re  f ila m e n to u s  to  i r r e g u l a r ,  
s l i g h t l y  r a i s e d  w ith  opaque c e n te r ,  c o a rse ly  r id g ed  s u r ­
f a c e ,  e ro se  to  f ila m e n to u s  m arg in , g reen  c o lo r .  A fte r  
f iv e  to  te n  days c o lo n ie s  re a c h  a  d iam e te r o f  two to  
f iv e  am o r  m ore. L i t t l e  change in  c o lo r .  Become ru b ­
b e ry  in  c o n s is ten c y *  C e l l s :  M ostly  r a t h e r  long  s le n d e r
f i la m e n ts  and lo n g  ro d s  th re e  to  seven m icrons in  le n g th , 
few s h o r t  fo rm s . Non m o tile *  May be pa thogen ic*
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At l e f t ,  ten  day o ld  S type colony from p la t in g  non 
pure R-3 colony showing la rg e  and sm all 1-1 and 1-2 
d au g h te rs . At r i g h t ,  sm all b lu e , umbonate R-4 and 
la rg e r  f l a t  cream to yellow  R-5 c o lo n ie s . 24 hr 
c u ltu re  from 1-1 p la t in g .  Small R-3 daugh ters can 
be seen on the R-5 c o lo n ie s . Also see f i g .  19 and 20 .

At l e f t ,  f iv e  day o ld  S type colony w ith  type R-3 
d au g h te r. At r ig h t ',  48 c u ltu re  r e s u l t in g  from 
p la t in g  o f R-3 daughter showing m ixture of S and 
R-3 grows more slow ly than type S. Can be p ro ­
duced pure a f t e r  repeated  p la t in g s .



F ig .  7 and 8 .  Type R-7#

A rise  a s  s e c to r s  in  type  R -3 , R-4 o r  R-5 type 
c o lo n ie s  o r  from 1 - 1 , 1 -2 , o r  R-3  type daugh ters 
d e v e lo p in g  on S c o lo n ie s .  O ccasio n a lly  a r i s e  
d i r e c t l y  from  S type  c o lo n ie s  which r e s u l t  from 
p l a t i n g  o f  1 -1 , 1 -2 , o r  R-3 type c o lo n ie s .  Seldom 
dev elo p s d i r e c t l y  from  S c o lo n ie s  i s o la te d  from 
an im al t i s s u e .  Not p a th o g e n ic .

A gar c o lo n ie s  a t  24 h r  a re  fila m e n to u s  to  i r r e g u la r ,  
t r a n s lu c e n t ,  s l i g h t l y  r a i s e d  deep ly  r id g e d  su rface  
w ith  e ro se  to  f ila m e n to u s  m arg in , p a le  p in k  in  
c o lo r ,  w a te ry  in  c o n s is te n c y . A fte r  two to  fo u r 
days th e  colony becomes more f l a t t e n e d  w ith  a  
h ig h ly  f ila m e n to u s  m arg in  and changes to  a pa le  
g reen  c o lo r .  A fte r  a b o u t fo u r days p in k  to  gold 
f i la m e n ts ,  d e s ig n a te d  type  R-13» develop  from 
th e  m a rg in , which when p la te d  g ive  r i s e  to  type 
R - l l  and R-14 c o lo n ie s ,  o c c a s io n a lly  to  R-3*
C e l l s :  u s u a l ly  s h o r t  plump rods 2 to  4 X 1 m icrons,
o f te n  in  p a i r s  o r  s h o r t  c h a in s , no p a lis a d in g  o r 
f i la m e n t s ,  non m o t i l e .
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At l e f t ,  type S colony from p la t in g  of R-3 colony 
a f t e r  seven days in cu b a tio n . Large se c to rs  o f 1 -1 , 
1 -2 , and R-3* Conspicuous se c to r  o f R-7. S 
colony a t  c e n te r .

From l e f t  to  r i g h t ,  pure c u ltu re  o f R-7 a t  24# 48 
and 96 h r in cu b a tio n  showing marked change in  s i z e , 
contour and c o lo r .  Same co lo n ies  in  each s e c t io n .



F ig . 9 and 10. Type R-ll.

A r is e  a s  f i la m e n t s  from  fo u r  to  te n -d a y  o ld  R-7 
c o l o n i e s .  O c c a s io n a lly  from  s im i la r  f i la m e n ts  
d e v e lo p in g  an o ld  ty p e  R-3 c o l o n i e s .  R arely  
d e v e lo p s  d i r e c t l y  a s  a s e c t o r  in  ty p e  S c o lo n ie s *  
N ot p a th o g e n ic .

A gar c o lo n ie s  a t  24 h r  a re  c i r c u l a r ,  opaque, f l a t  
to  convex w ith  smooth su rfa ce  and e n t i r e  m arg in , 
p a le  to  b r ig h t  p in k  in  c o lo r ,  w atery  to  s t r in g y  
in  c o n s is te n c y . A f te r  about fo u r  to  s ix  days the  
c o lo n ie s  a re  2 -4  mm in  d iam ete r and appear very  
f l a t  w ith  e n t i r e  to  s l i g h t l y  i r r e g u la r  m argin*
Kay o r  may n o t develop  secondary  f i la m e n ts .  
C o lon ies  which develop  no secondary  f ila m e n ts  
r e t a i n  th e  p in k  c o lo r ,  b u t when f i la m e n ts  a re  
produced th e  co lony  becomes a p a le  g reen  w ith  
s l i g h t l y  cream c e n te r .  T h is may re p re s e n t  two 
d i s t i n c t  co lony ty p e s ,  b u t has n o t been confirm ed. 
F ila m e n ts  when p la te d  g ive  r i s e  to  type R-14 and 
R-15 c o lo n ie s .  C e l l s :  S h o rt plump ro d s 2 to  4
X 1 m icrons in  p a i r s ,  c h a in s , o r  p a l i s a d e s ,  many 
c u rv e d , r a r e l y  s h o r t  f i la m e n ts ,  non m o ti le .
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At l e f t ,  seven day old  S type colony with con­
spicuous R -ll sector at top. A ctually th is  i s  
rare ly  seen . At r ig h t , same colony a t 11 days. 
R -ll sector  now blue-green with fa in t  gold R-13 
at margin. 1-2 a t lower l e f t .

From l e f t  to r ig h t , pure culture o f R -ll  at 24, 
Zj.8 and 96 hr incubation showing marked change 
in  s iz e  but s im ila r ity  o f margin and co lo r .
At r ig h t , secondary filam ents with R-13 at mar­
g in . Same co lon ies in  each se c tio n . Contam­
inant a t bottom.



1

F i g .  11 and 1 2 .  Type R-14#

A r is e  a s  f i la m e n to u s  d a u g h ters  from  f i v e  to  te n -  
day o ld  ty p e  R -7 o r  R - l l  c o l o n i e s .  N ever d ev e lo p s  
d i r e c t l y  from  ty p e  S c o l o n i e s .  Tendency to  be 
u n s t a b le ,  b u t can be o b ta in e d  in  pure form .
Non p a t h o g e n ic .

Agar c o lo n ie s  a t  2 4  hr a re  f ila m e n to u s  to  ir r e g u la r ,  
t r a n s lu c e n t  to  opaq u e, s l i g h t l y  r a i s e d ,  w ith  
d e e p ly  r id g e d  and ir r e g u la r  s u r f a c e ,  e r o se  to  
f i la m e n to u s  m a r g in , b r ig h t  p in k , w a te ry . A fte r  
48 h r th e  c o lo n ie s  a re  f l a t ,  f i la m e n to u s ,  sp read ­
in g  and become p a le  g reen  in  c o lo r .  A fte r  s e v e r a l  
days may r e a c h  10 to  15 mm d ia m e te r . F ila m en ts  
when p la t e d  g iv e  r i s e  to  ty p e  R-15 c o lo n y . C e lls :  
Long plump ro d s 3 to  J X 1 m icron s in  c h a in s  or  
lo n g  h ea v y  f i l a m e n t s ,  many cu rv ed , no s le n d e r  or  
S ty p e  c e l l s .  Non m o t i l e .



Mixture o f 5 day old S and R-7 co lon ies from 
p la tin g  o f 1 -2 . At upper l e f t  pink R-13 which 
g ives r is e  to R-14 and R-15 c o lo n ie s . At 
bottom a few S co lo n ies  with blue h a lo s .

ii

From l e f t  to r ig h t , pure culture o f R-14 at  
2 4 , 48 and 72 hr showing marked change in  
s iz e ,  contour and co lo r . Same co lon ies in  
each se c t io n .



Fig* 13* P la t in g  o f  R-10 co lony  a t  2 4  h r  showing m ix tu re  of 
R-3 and R-1% c o lo n ie s*  D iffe re n c e  in  c o lo r  and 
te x tu r e  m ost pronounced in  c o n flu e n t grow th and a  
few  S c o lo n ie s  can be s e e n .

F ig .  14 .  P la t in g  o f  R-10 co lony  a t  48 h r  showing m ix tu re  o f  
R -3 , R-7 and R-14 c o lo n ie s .  C o lo rs a re  n o t e x a c tly  
t r u e  and th e  in d iv id u a l  co lony ty p es  a re  d i f f i c u l t  
to  d i s t in g u i s h  on t h i s  p r i n t .
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Pig# 15 • P~7 c o lo n ie s  a t  16 days on agar c o n ta in in g  2 ,  3» 5 -
t r ip h e n y lt e t r a z o l iu m  c h lo r id e .  P a le  p in k  daughter  
a t  f a r  r ig h t  g iv e s  r i s e  to  m ix tu re  o f  R -7 , R - l l ,  R -14 , 
R -l6  and R-17# P a le  g r ee n  s e c t o r s  a t  c e n te r  u s u a l ly  
g iv e  r i s e  to  pure R -3 o r  m ix tu re  o f  R-3 and R - l6 .
R-16 d a u g h te rs  (n o t shown a re  a  b r ig h te r  g re e n , more 
c o a r s e ly  te x tu r e d ,  and a lm ost t r a n s p a r e n t .  C enter 
o f  co lony  g iv es  r i s e  to  pure R-7#

F ig .  1 6 . P la t in g  o f  R - l l  a t  f iv e  days on a g a r  c o n ta in in g  2 ,  3* 
5 -  t r ip h e n y l te t r a z o l iu m  c h lo r id e ,  showing m ix tu re  o f 
r - 7 , R - l l  and R-14 and d if fe re n c e  in  a b i l i t y  to  reduce 
th e  s a l t .  F ine p in k  grow th in  background i s  R -18, a  
p o o r ly  und ers to o d  v a r ia n t  which a p p ea rs  on ly  in  c u l ­
tu r e s  grown on te t r a z o l iu m  s a l t .  U su a lly  no growth 
when t r a n s f e r r e d  to  p l a in  agar*
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17• P la t in g  o f  I —1 co lony  a t  48 h r  showing m ix tu re  o f 
R - l l  (smooth s u r f a c e ,  e n t i r e  m arg in ) and R-7 
(g ra n u la r  s u r f a c e ,  f ila m e n to u s  m arg in)*

F ig . 1 8 . Same c o lo n ie s  a s  in  F ig .  17 a f t e r  f iv e  days* R - l l
unchanged e x cep t f o r  s l i g h t  in c re a s e  in  s i z e .  S t i l l  
r e t a in s  p in k  c o lo r .  R-7 marked in c re a s e  in  s iz e  due 
to  e x te n s io n  o f  f ila m e n to u s  R-13* Now p a le  g reen  in  
c o lo r .  R-13 p in k  to  g o ld . Ms Id  and two conspicuous 
con tam inan ts in  f i e l d .
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Fig# 19# R-4 and R-5 ®t th re e  days# Compare w ith  F ig# 5

Fig# 20# Same c o lo n ie s  a s  Fig# 19 a t  seven days showing bo th  
1-1  and 1-2 d a u g h te rs .
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F ig *  21* R -7  and on e  c o lo n y  R - l l  a t  10 days* F ila m e n ts  c o a le s c e d
and f l a t t e n e d  a p p e a r a n c e . L ig h t c o lo r e d  c e n tr a l  a rea  
m arks s i t e  o f  o r i g i n a l  co lon y*  R - l l  h a s sm a ll R-13 
d a u g h te r .

F i g .  2 2 .  Pure R - l l  a f t e r  20 d ays show ing u n iform  d ir t y  p in k  to  
p a le  g reen  c o lo r  and v e r y  sm a ll f i la m e n t  o f  R—13*
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F ig *  23#  R - l l  from  p l a t i n g  R-12 c o lo n y  a t  10 days show ing  
d evelop m en t o f  la r g e  R-13 d a u g h te r s . R - l l  a re  
p in k  and R -13 d a u g h ters  a r e  g reen  w ith  g o ld  m a rg in .

F i g .  2%. Same a rea  a s  F i g .  2 3  a t  21  d ays show ing un iform  c o lo r  
w hich  i s  now g r e e n . T h is  i s  a s t r ik in g  c h a r a c t e r i s t i c  
o f  a l l  R ty p e s  th a t  r e g a r d le s s  o f  th e  c o lo r  o f  young  
c o lo n ie s  a s  th e y  age th e y  become a p a le  g reen  s im i la r  
t o  o ld  S c o l o n i e s .  The o n ly  e x c e p t io n  i s  R - l l  w hich  
r e t a in s  th e p in k  c o lo r  when no o r  o n ly  sm a ll R -13  
d a u g h ters  d e v e lo p . See F i g .  18 and 2 2 .
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F i g ,  25* P la t in g  of R-4 c o lo n y  show ing mixture of R-3* R-7
and R-ll colonies at 24 hrs. R-3 c©n distinguished 
from R-7 (pink) by lighter color (green) and smaller 
size. R-ll can be distinguished by smooth surface 
and entire margin. R-3 R-7 may be difficult to
distinguish as isolated colonies.

F i g .  2 6 .  Pure c u ltu r e  o f  R-17 a t  s i x  d a y s . T h is  o r ig in a t e d  
from  an R-3 c u ltu r e  exp osed  to  2 ,  3» 5“ t r ip h e n y l -  
t e tr a z o l iu m  c h lo r id e *  S im ila r  to  th e  one shown in  
F i g ,  l 6 .  T h is  c o lo n y  i s  c h a r a c te r iz e d  by an a lm o st  
sm ooth p in k  r a is e d  c e n te r  w hich when young (2 4 - 4® 
h r ) i s  a lm o st i d e n t i c a l  to  R - l l  e x c e p t  th a t  i t  i s  
l a r g e r .  A fte r  s e v e r a l  days a c o a r s e ly  te x tu r e d  h a lo  
d e v e lo p s  w hich  when p la t e d  u s u a l ly  g iv e s  r i s e  to  R - l6 .  
T h is  c o lo n y  seldom  a t t a i n s  a d ia m eter  o f  more th an  
5  mm. I t  a l s o  may a r i s e  from R-1& c u ltu r e s *  I t  
h as n ev er  b een  o b se rv e d  in  c u l t u r e s  n o t exp osed  to  
th e  te tr a z o l iu m  s a l t .  No p a t h o g e n ic i t y  s t u d i e s .





F ig .  27* Pure c u l tu r e  of R-3 a t  f iv e  d a y s . T h is  c u l tu re  i s  
from  p la t in g  c e n te r  o f  colony shown below . Note 
i r r e g u l a r  shape and f ila m e n to u s  to  lo b a te  m arg in . 
T h is  colony may reach  20 mm in  d iam eter*  Young 
colony shown in  F ig .  6 and 25• Compare w ith  R - l6 f 
F ig *  3 0 .

F ig .  2 8 .  R-3 c o lo n y  a t  10 d ays w ith  w ide h a lo  o f  R - l6 .  T h is
u s u a l ly  o ccu rred  o n ly  in  R-3 c u l t u r e s  grown in  th e  
p r e se n c e  o f  2 ,  3 ,  5 -  t r ip h e n y lte tr a z o l iu m  c h lo r id e .  
The h a lo  d e v e lo p e d  in  th e  f i r s t  t r a n s f e r  to  agar  
n o t c o n ta in in g  th e  te tr a z o l iu m  s a l t .  At t im es  
s im ila r  a p p ea r in g  h a lo s  g iv e  r i s e  to  R-17 c o lo n ie s  
a s  shown in  F ig *  26  or  to  a m ix tu re  o f  R - l6  and R-17*





Fig* 29* Pure c u l tu re  o f  R -l6  a t  Z|£ hr* S im ila r  to  R-3 in  c o lo r  
and te x tu r e  b u t much l a r g e r  in  s ize*  See Fig* 6* 
U su a lly  develops from  e i t h e r  S o r  R c u l tu r e s  exposed 
to  2 ,  3* 5 -  t r ip h e n y l te t r a z o l iu m  c h lo r id e  b u t may 
o ccu r w ith o u t t h i s  s a l t*  T h is c u ltu re  can be m ain­
ta in e d  pure* Non p a th o g e n ic .

F ig .  30* P -l6  a t  11 d ay s . Can be d is t in g u is h e d  from R-3*
F ig .  27* by la r g e r  s iz e*  r a is e d  f i n e l y  te x tu re d  c e n te r  
and heavy f ilam en to u s  to  lo b a te  m arg in .
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Fig* 31* Pure c u l tu r e  o f R-15 a t  f o u r  days* Showing f in e ly  
te x tu re d  su r fa c e  and f ila m e n to u s  m argin* T his 
c u l tu r e  i s  s im ila r  to  R-1 4  b u t b r ig h t  g reen  in  
c o lo r  e s p e c ia l ly  in  th e  c en te r*  May re a c h  20 mm 
in  d iam eter*  Can n o t be m a in ta in ed  pure* P la t in g  
g iv e s  r i s e  to  R-14* R-15 and R-7* No p a th o g e n ic i ty  
s tu d ie s*

Fig* 32* R-15 co lony  a t  e ig h t  days showing la rg e  s e c to r  o f  R-7
a t  r i g h t .
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Fig* 33* P o s s ib le  ** re v e rte d "  S co lony  a t  2j£ h r  from  R-1&
colony m a in ta in ed  on try p to s e  ag ar c o n ta in in g  2 ,  3* 
5 -  t r ip h e n y l te t r a z o l iu m  c h lo r id e *  Very s im ila r  to  S 
b u t s l i g h t l y  la r g e r  and more c o a rse ly  te x tu re d  a t  
m argin* Compare w ith  F ig ,  3« No p a th o g e n ic i ty  
s tu d ie s *

Fig* 34* F ive  day o ld  R-6 c o lo n ie s  from p la t in g  o f  1-1  showing 
f i la m e n ts  and p i t t e d  appearance* Found in  10 to  20  
day o ld  S c u l tu r e s .  C o lon ies  a re  l a r g e ,  up to  10 mm 
diam eter*  T his a c tu a l ly  i s  a h ig h ly  m o ti le  form  o f  
S colony  and p i t t e d  appearance  was due to  th e  organism s 
growing in to  th e  a g a r .  These c o lo n ie s  o f te n  gave 
r i s e  to  la rg e  1-1 *  1 -2  o r  R-3 d a u g h te rs  which were
in d is t in g u is h a b le  from th e  co rre sp o n d in g  ty p e s  from 
o th e r  S c o lo n ie s .  No p a th o g e n ic i ty  s tu d ie s *  This 
i s  an i n t e r e s t i n g  co lony  and needs f u r t h e r  in v e s t ig a t io n .  
Compare w ith  F ig* 6 and 7*





Fig* 35•  F i f t e e n  day o ld  S c o lo n ie s  w ith  sm a ll R-19 d w a rf- lik e  
secondary  c o lo n ie s  which a p p ea r a s  m inute w h ite  p ro ­
je c tio n s *  C a re fu l p ic k in g  and p la t in g  alw ays give 
r i s e  to  what appear to  be pure S c o lo n ies*  No 
p a th o g e n ic i ty  s tu d ie s *

F ig .  3 6 . Seventy day o ld  S colony w ith  consp icuous R-19 dw arf-  
l ik e  secondary  co lo n ies*  At r i g h t  R-3 daugh ter*  
V iable c e l l s  on ly  a t  m arg in  o f  colony and in  R-19 
c o lo n ie s .
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Fig# 37* S ix  day o ld  S c o lo n ie s  com plete ly  su rrounded  by h a lo  
o f  f ila m e n to u s  grow th . T h is o ccu rred  r a r e l y  and in  
o n ly  a  few c u ltu re s #  P la t in g  u s u a l ly  gave r i s e  to  
m ix tu re s  o f  R-3* R-8 R - l6 . I t  h as n o t been de­
term ined  i f  c u l tu r e s  which show t h i s  h a lo  c o n s t i tu te  
a  d i s t i n c t  group# A lso see  Fig# 11*

F ig .  3 8 * S c u ltu re  a t  48 h r  showing a few p a le  b lu e  c o lo n ie s  
which u s u a l ly  g ive r i s e  to  pure  c u l tu r e s  o f  R-7 when 
p la ted #



” 8fy *



Fig# 39* M ixture  o f  B c o lo n ie s  a t  24  h r  from b ro th  c u ltu re  o f  
S colony#

Fig* 40 . M ixture o f  H c o lo n ie s  a t  e ig h t  days from b ro th  c u ltu re  
o f  S colony*
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Fig* 41* C e lls  from  an  S type co lony  showing s h o r t  ro d s  in
p a lis a d e  a rran g em en t, p a i r s ,  Y and T form s and a  few 
long  c e l l s  c h a r a c t e r i s t i c  o f  a l l  S c u l tu r e s  o f L* 
m onocytogenes* A ll th re e  f i g  approx* 1000X, gram 
s t a in

Fig* 42* C e lls  from  a non-sm ooth co lony  type (R-5) showing 
m ix tu re  o f  s h o r t  and lo n g  s le n d e r  ro d s and a few 
sh o r t s le n d e r  f ila m e n ts*

Fig* 43♦ C e lls  from  a  non-sm ooth co lony type (R -14) showing 
long  heavy curved f i la m e n ts*



r < 7  * * *  V *
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Other co lon y  ty p es  which developed  but which could never be m ain­

ta in e d  in  pure c u ltu r e  are l i s t e d  below*

Type R-8.

Found m ost commonly in  p la t in g s  from S c u ltu r e s  m ain tained  fo r  

s e v e r a l  weeks in  broth* O c c a s io n a lly  developed  from p la t in g s  o f  R-4 

and R—5* Agar c o lo n ie s  a f t e r  24 hr are v ery  s im ila r  to  R-7 excep t  

th a t  th ey  are  go ld  in  co lo r*  P la t in g  alw ays g iv e s  r i s e  to  a m ixture  

o f  R-3* R-? and R - l l*  No p a th o g e n ic ity  s t u d ie s .

Type R-9*

Found m ost commonly in  p la t in g s  from S c u ltu r e s  m ain ta in ed  fo r  s e v e r a l  

weeks in  broth * O c c a s io n a lly  developed  from p ja t in g s  o f  R-4 and R-5 • 
Agar c o lo n ie s  a f t e r  2 4  hr are v ery  s im ila r  to  R - l l  ex cep t th a t th ey  are  

p a le  y e llo w  to  cream c o lo r .  Can never be m aintained pure fo r  more 

than s e v e r a l  days* P la t in g s  g iv e  r i s e  to  R -3# R-7* R-9 and R -ll*

No p a th o g e n ic ity  s tu d ie s *

Type R -1 0 .

S im ila r  in  a l l  c h a r a c t e r is t ic s  to  R-9 e x c e p t th a t the su r fa c e  o f the  

c o lo n y  was c o a r se ly  te x tu r e d . P la t in g s  g iv e  r i s e  to  R-3* R-7* R-9* 
R -10 , R - l l  and R-14* No p a th o g e n ic ity  s t u d ie s .

Type R-12*

S im ila r  in  a l l  c h a r a c t e r i s t ic s  to  R - l l  ex cep t they  have a go ld  sheen*  

P la t in g s  g iv e  r i s e  to  R - l l ,  R-14 and R-15* No p a th o g e n ic ity  s t u d ie s .

S c o lo n ie s  in o c u la te d  in to  tr y p to se  b roth  and in cu b ated  a t 37° C 

fo r  18 hr and a t  room tem perature fo r  in d e f in i t e  p er io d s  o f  tim e , when 

s trea k ed  on agar p la te s  f a i l e d  to  produce c o lo n ia l  forms o th er  than  

th o se  w hich developed  when the c o lo n ie s  were p la ted  d ir e c t ly  on agar 

p la te s *  R arely  one o f  the R forms was found as a pure i s o la t e d  c o lo n y .
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However the  occurrence o f the u n stab le  type colony was much more common 

than  in  p la t in g s  from agar c u ltu re s*

When 2 , 3* 5 “ tr ip h e n y lte tra z o liu m  ch lo ride  was inco rpo ra ted  in  

the  ag ar i t  was p o ss ib le  to  d is t in g u is h  one new c o lo n ia l from which had 

not p re v io u s ly  occurred* This was type R-17. Fig* 2 6 . In  a d d itio n  the 

d if fe re n c e  in  a b i l i t y  o f some c o lo n ia l types to  reduce th i s  s a l t  g re a tly  

enhanced th e i r  d e te c tio n *  Type 16 f a i l e d  to  reduce t h i s  s a l t  and the

c o lo n ie s  appeared a r a th e r  pa le  green in  co lo r while a l l  o th e r types

v a rie d  from p a le  pink to  a deep red  o r purple* F ig . 15* A fte r about a

week o f  in cu b a tio n  the S colony was c h a ra c te r iz e d  by a dark  red  c e n tra l

a re a  which approached b lac k . F ig . 4* This in te n se  c e n tra l  a rea  a lso  

developed in  some R c o lo n ie s , p a r t i c u la r ly  R-7# F ig . 7#

The degree to  which the in d iv id u a l colony type reduced the t e t r a -  

zolium  s a l t  was r e f le c te d  in  the co lon ies which develop from tra n s fe r s  

to  p la te s  w ithou t the s a l t .  This was ev id en t only  in  the f i r s t  t r a n s f e r .  

Notable in  t h i s  re sp e c t was type R-15 which took on a much deeper pink 

than  befo re  exposure to  the  s a l t .  As type R-7 and R-14 d id  not reduce 

the  s a l t  as r e a d i ly  as d id  R-15* they  could very  e a s i ly  be d is tin g u ish e d  

from each o th e r ,  p a r t i c u la r ly  when they  were a d ja c e n t. This e f f e c t  un­

doubtedly  was due to  a sm all re s id u a l  o f te traz o liu m  s a l t  c a rr ie d  over 

on the f i r s t  t r a n s f e r  and was an amount s u f f ic ie n t  to  enhance the co lo r 

o f those co lo n ies  which a lre ad y  d isp layed  a tendency toward deep p in k .

There were no d if fe re n c e s  in  e i th e r  fe rm en ta tive  o r biochem ical 

c h a r a c te r i s t i c s  d isp layed  by any of the N—S c o lo n ia l types when compared 

w ith  the  p a re n t S ty p e . A ll c o lo n ia l forms te s te d  produced ac id  but 

no gas a f t e r  24 h r in  g lu co se , le v u lo se , tre h a lo se  and sa lac in *  Acid
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p ro d u ctio n  was slow and v a r ia b le  in  a ra b in o se , ea la c to s e , la c to s e , 

m a lto se , su c ro se , d e x tr in ,  s o r b i to l ,  g ly c e ro l, and m e le z ito s . There was 

no fe rm en ta tio n  o f x y lo se , r a f f in o s e , i n o s i to l ,  in s u l in ,  d u l c i t o l ,  m annitol 

o r  a d o n ito l*  There were some s l ig h t  v a r ia tio n s  in  the ra te  of fe rm en ta tion  

b u t no s ig n i f ic a n t  d iffe re n c e s*  The v a r ia tio n s  appeared to be of the  

same o rd e r  one would expect to  f in d  in  any la rg e  number o f stock  c u ltu re s  

R* monocytogenes exposed to  the same ferm entable substances*

None o f the  R types te s te d  reduced n i t r a t e s ,  or produced indole* 

G e la tin  was no t liq u e fie d *  In  genera l the R types produced e i th e r  no 

hemolysin o r  d isp layed  a much sm alle r zone than did the p a re n t S type .

By the methods employed, c u ltu re s  from N-S colony types 1 -1 , 1 -2 , 

and R-3 were pathogen ic  fo r  r a b b i t s .  However, a l l  types te s te d  produced 

marked m onocytosis and a vary ing  degree o f a g g lu tin a tin g  an tib o d ie s  in  

the  p e r ip h e ra l b lood . T ypical r e s u l t s ,  fo llow ing in travenous in o c u la tio n , 

to g e th e r  w ith  a g g lu t in a t in g  an tibody  t i t e r  fo r  the homologous type and 

S type c u ltu re s  a re  shown in  the p ro to co ls  which appear on pages 9s -96#

At no time d id  any anim als which received  c u ltu re s  from R co lon ies d i s ­

p lay  any marked c l i n i c a l  in d ic a tio n  o f i l l n e s s .  A few ra b b its  showed a 

s l i g h t  r i s e  in  tem perature on the  second or th i r d  post in o c u la tio n  day. 

C u ltu res  p repared  from the l i v e r ,  sp leen  and h e a r t blood of r a b b its  s a c r i ­

f ic e d  from se v e ra l days to  se v e ra l weeks a f t e r  in o c u la tio n , f a i le d  to  

y ie ld  s ig n i f ic a n t  b a c te r ia l  grow th. R abbits in o cu la ted  in trav en o u sly  

w ith  c u ltu re s  from R co lon ies very  o f te n  survived a subsequent l e th a l  

dose o f S cu ltu re*

When c u ltu re s  from R type co lon ies  were i n s t i l l e d  in to  the conjunc­

t i v a l  sac  o f r a b b i t s ,  l i t t l e  or no re a c t io n  fo llow ed. Two ra b b its  i n ­
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s t i l l e d  w ith  typ e R-7 showed marked la cr im a tio n  on the second p o st in ­

s t i l l a t i o n  d ay , hut appeared normal t h e r e a f te r .  I n s t i l l a t i o n  o f  c u ltu r e s  

from type S c o lo n ie s  r e s u lte d  in  a marked c o n j u n c t iv i t i s  and k e r a t i t i s  

in  a l l  in s t a n c e s .

R abb its in o c u la te d  w ith  c u ltu r e s  from c e r ta in  R type c o lo n ie s ,  

p a r t ic u la r ly  ty p es  R-3 and R-7 produced h igh  a g g lu t in a t in g  t i t e r s  a g a in s t  

type S c u ltu re s*  T his su g g ested  th a t th ese  ty p es  m ight be s u c c e s s fu l ly  

employed in  a v a cc in e  th a t could co n v e n ie n tly  be ad m in istered  by the 

subcutaneous r o u te .  The r e s u l t s  in d ic a te d  th a t in  the amount g iv e n , th ese  

ty p es  d id  produce f a i r l y  h igh  a g g lu t in a t in g  t i t e r s  fo l lo w in g  subcutaneous 

in o c u la t io n *  I t  was fu r th e r  shown th a t when 15 TR u n its  o f  Wydase per  

ml were added to  the b a c t e r ia l  su sp en sio n  antibody t i t e r  wb̂s enhanced.

The a d d it io n  o f  Wydase a ls o  p reven ted  the developm ent o f  the lo c a l iz e d  

n e c r o t ic  l e s io n  th a t  d evelop ed  a t  the s i t e  o f  in o c u la t io n  when c u ltu r e s  

from type S c o lo n ie s  were g iv en  subcutaneously*  However, in  r a b b its  

in o c u la te d  w ith  c u ltu r e s  from type R c o lo n ie s ,  co n g estio n  and sm all su per­

f i c i a l  hemorrhages were the p r in c ip a l  le s io n s  o b serv ed , and n e c r o s is ,  

i f  p r e s e n t , was l im ite d  to  sm a ll d is c r e e t  a rea s  which seldom measured more 

than two to  th ree  mm in  d iam eter . These may have r e s u lt e d  from the 

p resen ce  o f  p a th ogen ic  S type c e l l s  in  the cu ltu re*

A l l  r a b b its  exposed su b cu tan eou sly  w ith  c u ltu r e s  from e ith e r  type S 

or type R c o lo n ie s  developed  a marked m on ocytosis in  the c ir c u la t in g  

b lo o d . The m on ocytosis  d evelop ed  most q u ick ly  and reached the h ig h es t  

v a lu e  in  th e r a b b its  exposed to c u ltu re  c o n ta in in g  Wydase. There was no 

ev id en ce  e i t h e r  _in v i t r o  or  in  v iv o  th a t Wydase ex er ted  any u n favorab le  

e f f e c t  on the c u lt u r e s .



When these  r a b b i ts  were exposed f iv e  to  10 weeks l a t e r  to  a known 

l e t h a l  dose o f c u ltu re  from S type c o lo n ie s , death  occurred  in  two to  

th re e  days. A ll unvaccinated  c o n tro ls  died w ith in  the same period* At 

necropsy a l l  r a b b i ts  showed le s io n s  ty p ic a l  o f sep ticem ic  l i s t e r i o s i s ;  

f o c a l  h e p a tic  n e c ro s is  and splenom egalia* Type S c u ltu re s  were recovered  

in  pure c u ltu re  from the  l i v e r ,  sp leen  and o cca s io n a lly  from the h e a r t  

blood o f  a l l  anim als which d ie d . This s t r ik in g ly  dem onstrated th a t  the 

presence o f  a g g lu t in a t in g  a n tib o d ie s  in  the  blood serum was not a measure 

o f immunity to  in fe c t io n  w ith  L* monocytogenes. These r e s u l ts  a re  sum­

m arized in  ta b le  1 and ty p ic a l  p ro to co ls  a re  given on page 97%
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Fate o f  two rab b its  in ocu la ted  in travenou sly
w ith  0 .3  ml cu ltu re 1 2 2 5 5 -S *

Rabbit 159

D if f e r e n t ia l  leukocyte count

Day L M B E

29 65 0 6 0

1 61 17 19 2 1

2 29 32 3-8 1 0

3 38 7 35 0 0

4 Dead* Focal h e p a tic  n ecro sis  
L. monocytogenes is o la te d  from 
l iv e r .

and splenom egalia 
h e a r t  blood and

R abbit 158

D if f e r e n t ia l  leukocyte count

Day p % M B E

0 23 72 0 0 0

1 45 32 2 1 0

2 49 12 38 1 0

3 Dead* Splenom egalia. L. monocytogenes is o la te d
from liv e r*

♦All c u ltu re s  s tan d ard ized  to No* 1 tube McFarland nephelom eter. 

♦♦ Inocu la tion  day*

.  polym orphonuclear leukocyte 
L -  lymphocyte 
M -  monocyte 
B -  b a so p h il 
E -  eo sin o p h il

Same symbols a re  employed in  subsequent tab les*
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T ypical r e s u l t s  fo llow ing  in travenous 
in o c u la tio n  o f 0 .3  ml c u ltu re  12255 B-3*

Babbit 153

D if f e r e n t ia l  leu k o cy te  count

Day L M B E

0** 38 6o 0 2 0

1 63 28 2 6 1

2 6o 5 35 0 0

3 47 9 44 0 0

4 40 30 28 2 0

7 45 47 8 0 0

T ite r  a f t e r  100 days

C ulture 1:20 1:40 1:80 1 : l 60 1:320 1:640 1:1280 1:2560

s  / / / / / / / / I - - -

R-3 / / / / / / / / 1 - -

C hallenge a t 106 days w ith  1.0  ml 12255-s  I .V .*

D i f f e r e n t ia l leu k o cy te  ■count

Day P L M B E

0 49 42: 5 3 1

1 54 42 4 0 0

2 62: 17 21 0 0

3 51 13 35 0 1

6 47 25 28 0 0

10 56 31 11 0 2

S u rvived •

For e x p la n a tio n  o f sym bols see  page 92*
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T ypical r e s u lt s  fo llo w in g  intravenous
in o c u la tio n  o f  0 . 3  nil cu lture 1 2 2 5 5  R-7 *

R abbit 12j2

D if f e r e n t ia l  leukocyte count

Day paM‘* L M B E

0** 31 66 1 0 2

1 83 15 2 0 0

2 42 18 40 0 0

3 31 23 46 0 0

4 37 26 36 0 1

7 44 52 4 0 0

T ite r  a f t e r  100 days

C ulture 1:20 1:40 1:80 Is  160 1:320 1:640 1:1280

S / - - - - -

R-7 / / / / / / #  / / / / / / / / / / / / / / / / / /

Challenge a t  106 days w ith 1.0 ml 12255-S I.V .*

D if f e r e n t ia l leukocyte count

Day P L M B E

0 58 32 8 1 1

1 70 30 0 0 0

2 59 3a 2 1 0

3 52 12 35 1 0

6 63 17 18 0 2

10 51 27 19 1 2

S u rv iv ed .

1 t 2560

For exp lan ation  o f symbols see  page 9 2 .
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T ypical r e s u lt s  fo llo w in g  intravenous
in o cu la tio n  o f  0 .3  ml cu ltu re  1 2 2 5 5  R - ll*

Rabbit 143

D if f e r e n t ia l  leu k ocyte  count

Day L M ' B E

0** 29 63 2 4 2

1 58 41 0 0 1

2 5^ 6 37 1 0

3 35 20 44 0 1

4 42 17 40 0 1

7 (Boor s l id e )

S

R - l l

T ite r  a f t e r  100 days

1 :20 1 :40 1:80 l:l6 o 1:320 1 :6/|.0 1:1280

/ / / / AV «S>
- - - -

AW / / / / / / / / / / / / / / / / / / / / -

C hallenge a t  106 days w ith  1 .0  ml 12255-S I .V .*

D if f e r e n t ia l leukocyte count

Day P L M B E

0 45 47 2 3 3

1 51 46 1 1 1

2 53 24 20 3 0

3 47 27 23 2 1

6 46 20 29 4 1

10 30 59 8 l 2

S u rv iv ed .

1 :256o

For exp lan ation  o f  symbols see page 92 .
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T yp ica l r e s u lt s  fo llo w in g  intravenous
in o c u la tio n  o f 0 .3  ml cu lture 1 2 2 5 5  R-1 4 *

Rabbit 154

D if f e r e n t ia l  leu k o cy te  count

Day M B E

o** 31 68 0 1 0

1 62 22 11 3 2

2 38 17 44 0 1

3 27 36 34 0 3

4 48 27 25 0 0

7 29 63 7

T ite r  a f t e r  100 days

1 0

C ultu re 1:20 1:40 1:80 1 :l6o  1:320 1:640 1:1280 1:2560

S AW AW M M AW * I
R-15 AW M M M M M M  M I

Challenge a t  106 days w ith  1.0 ml 12255“s  1*7.* 

D if f e r e n t ia l  leukocyte count

Day p L M B E

0 26 62 0 0 0

1 67 26 2 1 4

2 37 3 60 0 0

3 25 9 66 0 0

6 27 39 31 3 0

10 37 37 22 4 0

S urv ived .

For exp lan ation  o f  symbols see page 92*
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Table 1

Condensation of a vaccination trial

C ultu re  

1007X 

R-7 w ith  Wydase 

R-7 w/°  Wydase 

S w ith  Wydase 

S w/o Wydase 

12255 

R-3 w ith  Wydase 

R-3 w/o Wydase 

R«*l6 w ith  Wydase 

R-l6 w/o Wydase

T ite r
S R

1*320

1 :2560 

1:640

1:80 

1 :40 

1:320 

1 :320

1:320 

1 : l 60

1 :40

1 :80 

1:320

Monocytes 
% on 6 th  day

32

10

43
18

27

25

19

18

S u rv iv a l a f t e r  
challenge in  days

2**

2

3

3

* »i

3

3
3

Immunising dose: 0*1 ml s tan d ard ized  to  No* 9 tube McFarland nephelom eter.

Challenge dose; 0*5 ml S c u ltu re  std*  to  No* 1 tube McFarland nephelometer*

Four r a b b i t s  in  each group* Percentage o f monocytes re p re se n ts  h ig h es t 
va lue  in  each group. T ite r s  a re  average of anim als b le d .

* T ite r  a t  two weeks.

**Challenge a t  f iv e  weeks.

***T iter a t  seven weeks. 

^ '^ C h a lle n g e  a t  10 weeks.
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DISCUSSION

The r e s u l t s  r ev ea led  th a t a t  le a s t  20 d i f f e r e n t  c o lo n ia l  forms o f  

L* m onocytogenes could be reco g n ized  on tr y p to se  agar p la t e s  examined 

by the o b liq u e  l ig h t in g  technique* Of th e s e ,  s ix  could be m ain tained  in  

s ta b le  form w ith o u t fu r th e r  d is s o c ia t io n *  These were typ es S , R-3* R-7» 

R - l l ,  R-14 and R - l6 . Type S was the ty p ic a l  smooth c o lo n ia l  form char­

a c te r iz e d  by a sm all c ir c u la r ,  b lu e -g r e e n , s l i g h t l y  r a ise d  co lo n y  w ith  

a f i n e l y  te x tu r e s  su r fa c e  and e n t ir e  margin* F ig .  1* I t  was th e type  

commonly found in  i n i t i a l  i s o la t io n s  from in fe c te d  m a ter ia l*  C ultures o f  

t h i s  type were h ig h ly  p a th o g en ic  fo r  r a b b its*

In g e n e r a l o n ly  fo u r  s t a b le  co lon y  ty p es  developed d ir e c t ly  from S 

c o lo n ie s .  These were R -3 , R-7* R - l l  and R - l6 . However typ es R -7 , R - l l  

and R-1& o n ly  r a r e ly  developed  d ir e c t ly  from S type c u ltu r e s . However, 

th ey  co u ld  be dem onstrated q u ite  r e a d ily  in  p la t in g s  from 1 -1 ,  1 -2 , R-4 

or  R-5 c u ltu r e s*  F ig .  5* 19 an& 2D . R-3 was the most common type and 

u s u a lly  appeared as daughter c o lo n ie s  on w e ll  i s o la t e d  S c o lo n ie s  a f t e r  

about f i v e  days in cu b ation *  F ig .  6 .  R arely d id  i t  occur in  co n flu en t  

S type c u l t u r e s .

R-7 u s u a l ly  developed as a daughter but o c c a s io n a lly  developed  as  

a s e c to r  in  S c u l t u r e s .  F ig .  7 and 8 .  Type R -l6  developed  o n ly  o c ca s io n  

a l l y  from S c o lo n ie s *  In  S c u ltu r e s  i t  alw ays appeared as a daughter and 

p la t in g s  o f  young R -l6  daughters very  o fte n  gave r is e  to  S or  R-3 ty p e s .  

I t  o f t e n  d evelop ed  as  i s o la t e d  c o lo n ie s  from s e v e r a l  o f the u n sta b le  R 

form s. F ig .  2 8 ,  29 and 3 0 .

R - l l  was unique in  th a t i t  r a r e ly  developed  in  S c u ltu r e s ,  but i f  

i t  d id , i t  alw ays appeared as a very  consp icuous smooth su r fa c e d , pink
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to  g o ld  s e c t o r ,  F ig*  9 and 10* Many o f  th ese  s e c t o r s ,  i f  c a r e fu l ly  

p ic k e d , gave r i s e  on f i r s t  tr a n s fe r  to  pure c u ltu r e s  o f  P.•1 1 , O ccasion­

a l l y  p la t in g s  were m ixed w ith  typ es S and R-7, but never w ith  R -3 . The 

young R—11 co lo n y  was so  d i f f e r e n t  from any o f  the o th er  typ es th a t i t  

f i r s t  was thought to  be con tam in ation . I t  was the o n ly  R type which  

d evelop ed  in to  a round com p lete ly  smooth su rfaced  co lo n y . However a f t e r  

s e v e r a l  days in cu b a tio n  the co lon y  became more f la t t e n e d  and developed  

a f a i n t  g reen ish  t i n t .  F ig .  1 0 , Some R - l l  c o lo n ie s  r e ta in ed  th e ir  

c ir c u la r  form and e n t ir e  margin w h ile  o th ers  developed  in to  a more lo b a te  

form . S t i l l  o th e r s  developed  lo n g  go ld  co lo red  f i la m e n ts ,  R- 1 3 , F ig .

2 1 ,  2 2 , 23 and 24* Another d i s t in c t iv e  c h a r a c t e r is t ic  o f  the R - l l  

co lo n y  was i t s  f la t t e n e d  appearance a f t e r  se v e r a l days in cu b a tio n  con­

tr a s te d  to  i t s  i n i t i a l  convex form . C olon ies  which r e ta in e d  th e ir  c ir c u la r  

form a ls o  tended to  r e t a in  the pink c o lo r  which made t h is  type easy  to  

id e n t i f y  in  o ld  m ixed c u ltu r e s .  F ig .  17 and 1 8 ,

Type R -14 was th e  o n ly  o th er  s ta b le  R co lo n y . F ig .  1 2 . I t  never  

d evelop ed  d ir e c t ly  from S c u lt u r e s ,  but was found o n ly  in  p la t in g s  o f  

the g o ld  co lo red  lo n g  fila m en to u s  secondary growth or d au gh ters, R-13» 

w hich d evelop ed  on o ld  R—7 and some o ld  R—11 c o lo n ie s .  F ig .  8 , 18 and 23* 

In  young c u ltu r e s  R -14 and R-7 c o lo n ie s  were v ery  s im ila r  and could v ery  

e a s i l y  be co n fu se d . R-14 was a more in ten se  p ink  than R-7 and some 

c o lo n ie s  appeared to  be a lm ost red . Compare F ig . 8 w ith  F ig .  1 2 . Twenty 

fo u r  hr c o lo n ie s  were app roxim ately  1 to  2 mm or more in  diam eter whereas 

R«»7 seldom  measured more than 1mm a t  24  h r . With contin ued  in cu b a tio n  

th e developm ent o f  R -14 was much more rap id  than th a t o f  R-7 and some w e ll  

i s o la t e d  c o lo n ie s  reach ed  a d iam eter o f  20 to  30 h1331* ^"7 seldom a t t a i n ­

ed a d iam eter o f  more than 20 mm. Compare F ig .  8 w ith  F ig . 1 2 . One



o f  th e  o u ts ta n d in g  d if fe r e n c e s  was in  the c e l l s  o f  the two c o lo n ie s .

R—7 c e l l s  were u s u a lly  long  plump rods in  p a ir s  or sh ort ch a in s s im ila r  

to  th o se  shown in  F ig .  2 ,  whereas c e l l s  o f  R-14 were u su a lly  curved and 

in  lo n g  heavy f i la m e n ts .  F ig .  43.

R—16 was unique in  th a t i t s  developm ent appeared to be enhanced in  

c u ltu r e s  exposed to  2 ,  3* 5 *  tr ip h e n y lte tr a z o liu m  c h lo r id e . I t s  presence  

had been su sp ec ted  in  c u ltu r e s  not exposed to t h i s  s a l t  but because o f  

i t s  c lo s e  resem blance to R-3 i t  was d i f f i c u l t  to  e s t a b l i s h  i t  a s  a 

d i s t i n c t  type* F ig .  6 ,  27* 28* 29 and 30* However* on agar p la t e s  con­

ta in in g  the te tr a z o liu m  s a l t  i t  appeared as la r g e ,  tra n slu cen t*  green

daughter c o lo n ie s  w h ile  the parent c o lo n y , u su a lly  1 -1 ,  1 -2 ,  R-4 or R -5 , 

or one o f  the u n sta b le  N-S c o lo n ie s ,  appeared a b r ig h t p ink to  deep red  

in  c o lo r .  R-3 a ls o  f a i l e d  to  reduce the te tra zo liu m  s a l t  but the appear­

ance o f  th e  R-3 d au gh ters was q u ite  d i s t in c t iv e  from the R - l6 , b e in g  more 

even  te x tu r e d , more opaque, and d id  not have the g l i s t e n  and sp a rk le  o f  

R-1&. F ig .  1 5 .

I t  appeared th a t the rem ain ing 14 c o lo n ia l  forms c o n s is te d  o f  e i t h e r  

a h ig h ly  u n sta b le  p o p u la tio n  which d is s o c ia te d  in to  two or more o f  the  

s ta b le  N-S (non smooth) form s, or th a t th ey  were a c tu a l ly  a m ixture o f  

s e v e r a l  growth form s. S ta in ed  smears prepared from the u n sta b le  c o lo n ia l  

form s r e v e a le d  a wide v a r ia t io n  in  c e l lu la r  m orphology• The b a c te r ia l

c e l l s  ranged from sm a ll co cco id  forms to  long  f ila m e n ts  w ith  many in t e r ­

m ediate  form s. No attem pt was made to  determ ine th e r a t io  o f  the s e v e r a l  

components o f  the u n sta b le  c u lt u r e s ,  but the f a c t  th a t the r a t io  and the  

c o lo n ia l  type w hich  r e s u lte d  from subsequent p la t in g s  could a lm ost always 

be p r e d ic te d  su g g e ste d  th a t the c o lo n ie s  con ta in ed  a ra th er  c o n s is t e n t  

p ro p o rtio n  o f  th e  in d iv id u a l c e l l  ty p e s . U nstable R -types never developed



-  101 -

d ir e c t ly  from S c o lo n ie s  on agar p la te s*  However th ey  were found in  

o ld  b ro th  c u ltu r e s  o f  S c o lo n ie s  and in  p la t in g s  o f  N-S c o lo n ie s*

S c o lo n ie s  seldom  developed  from p la t in g s  o f  e i t h e r  the s ta b le  or  

u n sta b le  R c u ltu r e s*  Y et when R c u ltu r e s  m aintained fo r  lon g  p er io d s  o f  

tim e in  tr y p to se  broth  c o n ta in in g  2 ,  3 . 3 *  tr ip h e n y lte tr a z o liu m  c h lo r id e ,  

were s trea k ed  on agar p la t e s  o n ly  S c o lo n ie s  developed* The number o f  

c o lo n ie s  which d evelop ed  on th ese  p la t e s  was always sm all# T his su g­

g e s te d  th a t  in  th e c o n cen tra tio n  u se d , the te tra zo liu m  s a l t  ex erted  a 

t o x ic  e f f e c t  on N-S ty p es  a f t e r  exposure o f  10 days or more, but to  a 

l e s s  d egree  in  the S type*

The to x ic  e f f e c t  o f  2 ,  3 *  3** tr ip h e n y lte tr a z o liu m  on the R co lon y  

ty p es  was a ls o  e v id e n t on agar p la t e s  c o n ta in in g  th is  s a l t .  When tr a n s ­

f e r s  were attem pted  from c o lo n ie s  which had incubated  fo r  long p er io d s  

o f  t im e , 20 days or m ore, the in o c u la te d  p la t e s  remained s t e r i l e  or o n ly  

v ery  few  c o lo n ie s  developed* O ften a few S c o lo n ie s  were observed on 

th e se  p l a t e s ,  a g a in  su g g e s tin g  th a t a l l  R c o lo n ie s  con ta in ed  a few c e l l s  

capable o f  producing S c o lo n ie s .  Both S and R c o lo n ie s  on agar p la t e s  

w ith ou t te tr a z o liu m  rem ained v ia b le  fo r  lo n g  p er io d s o f tim e , up to  two 

months or  m ore. Growth f a i l e d  to  occu r when tr a n s fe r s  were made to  

fr e s h  p l a t e s |  o n ly  when th e  agar was d e s ic c a te d  to  the p o in t th a t i t  was 

hard and b r i t t l e ?  thus in d ic a t in g  th a t prolonged exposure to the te tr a zo liu m  

s a l t  e x er te d  a l e t h a l  to x ic  e f f e c t  on the R ty p e s . This e f f e c t  was l e s s  

marked in  th e S c u l t u r e s , and growth occurred even a f t e r  lo n g  exposure

to  th e s a l t .

The v a r ia t io n  in  c o lo r  o f  the mature c o lo n ie s  on agar c o n ta in in g  

te tr a z o liu m  s a l t s  in d ic a te d  th a t th ere  were d if fe r e n c e s  in  the red u cin g
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enzyme system s o f  the v a r io u s  co lony ty p e s . The red c o lo r  which d evelop s  

in  l i v in g  c e l l s  in  the p resen ce o f  te tr a zo liu m  s a l t s  i s  thought to  d e­

pend on the p resen ce  o f red u cin g  enzymes (dehydrogenases w ith  or w ith out  

coenzymes I  or  XI) which reduce the c o lo r le s s  compounds to  co lo red  f o r -  

m azans.

That a l l  R c o lo n ie s  con ta in ed  a few S type c e l l s  was a g a in  sug­

g e s te d  by the le s io n s  which developed in  r a b b its  a f t e r  subcutaneous in ­

o c u la t io n  o f  R c u ltu r e s  p a r t ic u la r ly  those c o n ta in in g  Wydase. At necropsy  

o f  many o f  th ese  an im als v ery  sm all ( 1 mm) d is c r e te  grey f o c i  o f  n e c r o s is  

were observed  in  an area s e v e r a l cm in  d iam eter surrounding the in o c u la ­

t io n  s i t e .  As la r g e  in o cu la  o f  R c u ltu r e s  ad m in istered  by v a r io u s ro u tes  

had shown no p ath ogen ic  e f f e c t  i t  was f e l t  th a t th ese  i s o la t e d  n e c r o t ic  

f o c i  r e s u lt e d  from & type c e l l s  d isp ersed  by the sp read in g  a c t io n  o f  

Wydase. R arely  a sm all area o f  n e c r o s is  was found a t  the in o c u la t io n  

s i t e  in  an im als in  which Wydase had not been added to  the c u ltu r e . When 

pure S c u ltu r e s  were in o c u la te d  by th is  rou te a la rg e  w e ll  lo c a l iz e d  

n e c r o t ic  l e s i o n  developed a t  the s i t e  o f  in o c u la t io n . When Wydase was 

added to  S c u ltu r e s  la rg e  (5 -1 0  mm) d is c r e te  n e c r o t ic  f o c i  were found in  

a wide area  surrounding th e in o c u la t io n  s i t e .  These f in d in g s  su ggested  

th a t a l l  R c u ltu r e s  con ta in ed  a few S c e l l s  which in  the proper en v iro n ­

ment cou ld  produce l e s i o n s .

A p p arently  the number o f  S c e l l s  in  R c u ltu r e s  in o c u la te d  in tr a ­

venously* or  i n s t i l l e d  in to  the c o n ju n c tiv a l sac was too sm all to produce 

ev id en ce  o f  in f e c t io n .  I t  has been found th a t f a i r ly  la rg e  in o cu la  o f  

S c u ltu r e s  must be used to  produce in f e c t io n  under la b o ra to ry  c o n d it io n s ,  

and th e number o f  S c e l l s  in  the R c u ltu r e s  may have been too sm a ll to
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in c ite  a c l in ic a l  response.

Whether the monocytosis which developed in rabbits inoculated  

intravenously with R cultures resu lted  from the presence of S c e l l s ,  

or whether the R cu ltures a lso  contain the monocyte producing factor  

(MEF) has not been determined. Grini (1943) found that a non pathogenic 

stra in  o f L. monocytogenes produced a monocytosis when inoculated in tra ­

venously in to  ra b b its , but unfortunately gave no descrip tion  of the 

colony* Stanley (1949) showed and Girard and Murray (1951) confirmed 

that the MEF o f L, monocytogenes was found in a non-antigenic l ip id  fra c ­

tion  o f the b a c ter ia l c e l l ,  and was found to be liberated c h ie f ly  in  the 

l iv e r  o f in fected  anim als. The R cu ltures may apparently a lso  contain 

th is  l ip id  MEF but further work i s  necessary to confirm th is ,

None o f the rabbits which received dense suspensions of e ith er  S or 

R cu ltures in  the drinking water showed any c lin ic a l  in d ication  of i l l ­

ness during the two month observation period. The rabbits which received  

en silage  displayed marked emaciation due to th eir  refusa l to accept th is  

r a tio n . Laceration o f the mouth made no contribution to su sc e p tib ility  

to in fe c t io n . Neither did lo ca l les io n s develop at the laceration  s i t e s .  

Cultures prepared from the fec es  as described by Gray et_ al,. (1950) gave 

inconclusive r e su lts  and i t  could not be determined whether the cultures 

added to the drinking water survived passage through the d igestive  tract  

or not. Further in v estig a tio n  revealed that the particu lar stra in  of 

culture ( 12255* iso la te d  from the brain of a c a lf  with l i s t e r ic  encephali 

t i s  complicated by vitamin E d efic ien cy) was inh ib ited  by the potassium  

t e l lu r i t e  in  the concentration (0,05%) employed. This confirmed the 

fin d in gs o f Olson e t  a l .  (1953) who found that certain  s ta in s  of L, 

monocytogenes were se n s it iv e  to 0 , 05^ potassium t e l lu r i t e .
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With the exception of mice (J u lia n e lle , 1941) nost in vestigators  

f a i le d  to in fe c t  a r t i f i c ia l ly  e ith er  ruminant or monogastric animals by 

the oral route* Roine <3t a l ,  (1953) reported death of guinea pigs fed  

a ra tio n  containing aureomycin due to in fectio n  with I,. mo no cy to genes. 

These authors expressed the opinion that aureomycin suppressed other 

b a c ter ia l inhabitants of the in te s t in a l tract and favored the p r o life r a ­

tio n  o f L. mo no cy togenes and that in fec tio n  was estab lish ed  as a r e su lt  

o f th is*  For the present th is  must be viewed with reservations a s , as 

ind icated  in  part one o f th is  t h e s is ,  L* monocytogenes has been shown to 

be h igh ly  su scep tib le  the a n tib a cter ia l action  o f aureomycin*

The r e su lts  obtained in th is  study confirmed the in a b ility  of 

e ith e r  S or R cu ltures o f L. monocytogenes to in fe c t  by way of the in ­

t e s t in a l  tract even when the animals were subjected to emaciation and 

la ce ra tio n ,

Asahi and Hosoda (1952* 1953) suggested that L. monocytogenes may 

use the trigem inal nerve es an avenue of entrance in  the encephalitic  

form o f the d isease* They succeeded in  in fec tin g  both mice and young 

goats (2 -4  mo old ) by sca r ify in g  the mucous membrane of the mouth and 

the cutaneous t is su e  surrounding the mouth and nose before exposure to 

L .  monocytogenes* Neither Hirato e_t a l .  (1954) nor present study 

could confirm these findings*

At the present very l i t t l e  i s  known concerning the nature of the 

unstable R cu ltu res . Because they could not be maintained in pure form 

they were not used in pathogenicity studies or tested  for biocnemical 

r e a c tio n s . However i t  did appear that they were composed of a d e f in ite  

r a tio  of the various c e l l  types end on th is  basis can be considered as
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d i s t i n c t  co lon y  ty p e s ;  p o s s ib ly  as in term ed ia tes  because o f th e ir  rap id  

d i s s o c ia t io n  in to  the o th er  s ta b le  R form s. As t h is  study was d ir e c te d  

p r im a r ily  toward the d e te c t io n  and r e c o g n it io n  o f  new c o lo n ia l  forms in  

the genus L is t e r ia  no in te n s iv e  stu d y  has been made to  date to  fu r th e r  

c h a r a c te r iz e  th ese  ty p e s . The numerous p u b lic a t io n s  o f  Huddelson and 

Braun on d is s o c ia t io n  s tu d ie s  in  the genus B ru ce lla  em p h a tica lly  em phasize 

th a t  s tu d ie s  o f  t h i s  nature are not q u ick ly  exh au sted . I t  i s  hoped th a t  

t h i s  p r e se n t stu d y  i s  o n ly  the b eginn ing o f  s im ila r  s tu d ie s  on the genus 

L i s t e r i a .

From the d ata  now a t  hand, com piled from se v e r a l hundred se p a r s te  

p la t in g s ,  a t e n t a t iv e  d i s s o c ia t io n  schem e, shown on the fo llo w in g  p age, 

can be d er iv ed  fo r  the p r in c ip a l  s ta b le  R ty p e s . I t  i s  a lm ost c e r ta in  

th a t  fu tu re  work w i l l  show t h i s  scheme to  be incom plete and many r e v is io n s  

may be n e c e s s a r y . In work o f  t h i s  nature where c o lo r  v a lu e s , s iz e  and 

te x tu re  o f  c o lo n ie s  p la y  so im portant a p a rt in  d i f f e r e n t ia t in g  one 

co lon y  typ e from a n o th er , i t  i s  o fte n  d i f f i c u l t  to  fr e e  o n e s e l f  from 

s u b je c t iv e  p r e ju d ic e s  which m ight lea d  to  m is in te r p r e ta t io n  o f  the true  

p ic t u r e .  In  s p i t e  o f  a l l  p o s s ib le  p reca u tio n s  the p resen t scheme may 

be co lo red  by such m is in te r p r e ta t io n s  and th ere fo re  should  be con sid ered  

a s  o n ly  t e n t a t iv e  u n t i l  i t  can be confirm ed or r e v is e d  by o th er  in v e s t ig ­

a t o r s .  I t  was f e l t  th a t i t s  in c lu s io n  would portray  the d is s o c ia t io n  

p a tte r n  in  a more graph ic manner than an extended d e s c r ip t io n .

In the 20 c u ltu r e s  observed in  t h is  study i t  was noted th a t s e v e r a l  

c u ltu r e s  d is s o c ia t e d  more r a p id ly  than did o th e r s . C erta in  c u ltu r e s  a ls o  

tended to  produce a predominance o f  a p a r t ic u la r  R type w h ile  o th er s  

showed a predominance o f  another ty p e . S t i l l  o th er  c u ltu r e s  d isp la y ed  

a lm ost no tendency toward d is s o c ia t io n  whereas some d is s o c ia t e d  so r a p id ly



F i g .  44* D is s o c ia t io n  scheme show ing o r ig in  o f  th e  p r in c ip a l  
s t a b le  R c u l t u r e s .  1 - 1 ,  1 - 2 ,  R -4 &nd a r e  no  ̂
s t a b le  b u t a re  in c lu d e d  a s  m ost R form s d e v e lo p e d  
from them . R-3 was th e  o n ly  s t a b le  R ty p e  to  com­
m only d e v e lo p  d i r e c t l y  from  S c u l t u r e s .  Broken  
l i n e s  in d ic a t e  l e s s  common d ev e lo p m en t. R -14  
a c t u a l l y  d e v e lo p s  from f i la m e n t s  (R -13 on R-7 and  
some R - l l  c o l o n i e s .  R-1& i s  n o t  shown a s  i t  r a r e ly  
d ev e lo p ed  in  th e  a b sen ce  o f  2 ,  3* 5 “ t r ip h e n y l t e t r a ­
zo liu m  c h lo r id e .
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th a t  i t  was d i f f i c u l t  to  record  i t s  d ir e c t io n  a c cu ra te ly *  The scheme 

shown on page 106 r e p r e se n ts  the main tren d  shown by a l l  the c u ltu r e s  as  

a group* No doubt c e r ta in  s t r a i n s ,  i f  taken in d iv id u a l ly ,  would p re se n t  

a  d i f f e r e n t  p ic tu r e  and c e r ta in  o f  th e  R type c o lo n ie s  would never ap­

pear*

At t h i s  tim e the s ig n i f ic a n c e  o f  the wide v a r ia t io n  in  r a te  o f  d i s ­

s o c ia t io n  o f  the v a r io u s  c u ltu r e s  cqn o n ly  be con jectu red *  Whether c u ltu r e s  

i s o la t e d  from p a r t ic u la r  d is e a se  p r o c e s se s  showed a d i s t in c t iv e  d i s s o c i ­

a t io n  p a tte rn  has n o t y e t  been a c c u r a te ly  determ ined to  d a te . N everth e­

l e s s  th e r e  were s tr o n g  in d ic a t io n s  th a t  t h i s  m ight be true* In  g e n e ra l  

i t  appeared th a t  th ree  s t r a in s  (1007X , 1192X, 1197X) i s o la t e d  from the  

l i v e r  o f  c a lv e s  w hich  d ied  s h o r t ly  a f t e r  b ir th  (Gray e t  a l * .  1954) anc  ̂

two s t r a in s  (455X , 9^720 i s o la t e d  from th e s p in a l  f l u i d  o f  man (b o th  un­

r e p o r te d ) showed a fa r  more ra p id  d i s s o c ia t io n  than d id  any o f  the o th e r  

ty p es*  A lso  th e se  p a r t ic u la r  s t r a in s  produced many more R-3t R-7» R-8 
and R-9 c o lo n ie s  than  d id  any o f  th e  o th er  c u ltu r e s .  C u ltu res i s o la t e d  

from the b ra in  o f  sh eep  and cows w ith  l i s t e r i o s i s  showed a ra th er  average  

c o n s is t e n t  p a tte r n  and r a te  o f  d i s s o c ia t io n .  However, a few  c u ltu r e s  

showed a lm ost no d is s o c ia t io n  o th er  than th e developm ent o f  sm all 1 -1  

and 1 -2  daughter c o lo n ie s .  C u ltu res f r e s h ly  i s o la t e d  from the v is c e r a  o f  

a r t i f i c i a l l y  in f e c t e d  r a b b its  (n o t in c lu d ed  in  the o r ig in a l  20 c u ltu r e s )  

d evelop ed  a predom inance o f  type R-3 d a u g h ters, and 1 -1  and 1-2  ty p es  

were r a r e ly  see n  in  th e se  c u lt u r e s .  Some o f  th ese  c u ltu r e s  never gave 

r i s e  to  o th er  than R-3 c o lo n ie s  w h ile  o th ers  produced a v a r ie ty  o f  the  

s e v e r a l  ty p e s .

Two c u ltu r e s  o f  L is t e r ia  in f a n t i s e p t ic a  (new s p e c ie s  q u estio n ed )  

r e c e iv e d  from P o t e l  and i s o la t e d  from aborted  in f a n t s  in  the German
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D em ocratic  R ep u b lic , and a s im ila r  c u ltu r e  r e c e iv e d  from S e e l ig e r ,

H ygiene I n s t i t u t e ,  F r ied r ich -W ilh elm s U n iv e r s ity , Bonn, Germany, showed 

a w ide v a r ie t y  o f  R fo im s on i n i t i a l  p la t in g s  s im ila r  to  th o se  seen  in  

th e c u ltu r e s  i s o la t e d  from c a lv e s*  These c u ltu r e s  were r e c e iv ed  too  

l a t e  f o r  e x te n s iv e  o b se r v a tio n s  to  be in c lu d ed  in  t h i s  rep ort*  More­

ov er  i t  was found th a t  th ese  c u ltu r e s  were not a g g lu t in a te d  by r a b b it  

a n t is e r a  prepared a g a in s t  a s t r a in  o f  L* m onocytogenes i s o la t e d  from a 

bov in e brain* Whether th ere  i s  a co n n ectio n  betw een the d if fe r e n c e  in  

d is s o c ia t io n  and the f a i l u r e  to  a g g lu t in a te  can not be s ta te d  a t  t h i s  

t im e , but i t  does p r e se n t  an in t e r e s t in g  su b je c t  f o r  fu r th e r  study*

A s t r a in  o f  L . m onocytogenes i s o la t e d  from th e in t e s t i n a l  t r a c t  o f  

a  g u in ea  p ig  by R oine a t  a l * (1953) i n F in land  showed a wide v a r ie t y  o f  

R form s on i n i t i a l  p la t in g s  and i s  p r e s e n t ly  under fu r th e r  study* As i t  

was found th a t  a l l  pure R forms were non p a th o g en ic  fo r  th e r a b b it  th ere  

i s  a su g g e s t io n  th a t  th e se  c u ltu r e s  w hich show a wide v a r ie t y  o f  R form s 

may be l e s s  p a th o g en ic  than th o se  w hich show o n ly  S forms on i n i t i a l  

i s o l a t i o n  as do th e  s t r a in s  i s o la t e d  from sheep and cows w ith  l i s t e r i c  

e n c e p h a lit is *  There i s  o f  course th e  p o s s i b i l i t y  th a t  d is s o c ia t io n  o f  

th e se  c u ltu r e s  occu rred  du rin g t r a n s it *  However, many o f  the s to c k  c u l­

tu r e s  o f  L* m onocytogenes m ain ta ined  in  t h is  la b o ra to ry  fo r  lon g  p e r io d s  

o f  tim e w ith o u t tr a n s fe r  f a i l  to  show the rap id  and marked changes as  

th e se  c u ltu r e s  from l e s s  " typ ica l"  d is e a s e  p ro cesses*  ("Typical" i s  

used here on the q u e s tio n a b le  assum ption th a t e n c e p h a lit is  o f  rum inants 

i s  th e m ost c h a r a c t e r is t ic  and d i s t in c t iv e  form o f  in f e c t io n  due to  t h i s  

b a c te r iu m ). S o h ier  e t  a l*  (194$) rep o rt the i s o la t io n  o f  a non p a th ogen ic  

s t r a in  o f  L . m onocytogenes from cooked b eef*  As non p a th o g en ic  s tr a in s  

o f  t h i s  m icrobe are r a th e r  r a r e , i t  would prove to  be an in t e r e s t in g
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s tr a in  fo r  further study. I t s  a rr iva l i s  an tic ip ated  sh o r tly . The 

f iv e  s tr a in s  iso la te d  by Wenckebach (1953) from the urethral exudate o f  

f iv e  men with gonorrhea should a lso  prove in terestin g#  At the present 

s ta te  o f our knowledge i t  seems more than coincidence that stra in s which 

d is so c ia te  slow ly are a ssoc ia ted  with acute d isease processes and the 

more rap id ly  d is so c ia t in g  stra in s  are associa ted  with a more chronic type 

of d is e a se . A s tr ik in g  exception to th is  gen era liza tion  i s  the stra in  

recen tly  iso la te d  by Gray and McWade (1954) from the cerv ix  of a so -  

ca lled  repeat breeder cow which showed no c l in ic a l  in d ica tio n s of in fe c ­

t io n . This culture has shown very l i t t l e  tendency toward d is so c ia t io n .  

Therefore i t  appears th a t many more comparisons w i l l  be required before  

a d e f in ite  trend can be e s ta b lish e d .

The r o le  o f  S and R c u ltu r e s  in  the ep id em io logy  o f  v a r io u s  b a c te r ia l  

d is e a s e s  has been th e  s u b je c t  o f  numerous in v e s t ig a t i o n s .  These have 

been summarized by H adley ( 1927) and Braun (1947)* The r e la t io n s h ip  be­

tw een d i s s o c ia t iv e  ch a n g es, accom panied by changes in  v ir u le n c e ,  to  

ep idem ic waves i s  s t i l l  a m atter  o f  s p e c u la t io n . Braun (1947) c i t e s  

s e v e r a l  in s ta n c e s  in  which S c u ltu r e s  o f  v a r io u s  b a c t e r ia l  s p e c ie s  were 

i s o la t e d  in  the a cu te  s ta g e s  o f  a d is e a s e  and th%t a s  the d is e a s e  becomes 

more c h r o n ic , th e i s o la t e d  organism s showed a marked tend ency toward R 

form s• A lso  c i t e d  was an ep idem ic o f  S h ig e l la  d y sen tery  in  which S forms 

were i s o la t e d  in  th e  e a r ly  s ta g e s  o f  th e ep id em ic , SR form s as the ep id em ic , 

Saned and R form s towards the end o f  the ep id em ic . C u ltu res from ch ron ic  

c a r r ie r s  o f  typ hoid  b a c i l l i  and E r y s ip e lo th r ix  r h u s io n a th ia e  have y ie ld e d  

R fo rm s. I t  i s  contended th a t  th ese  changes in  th e b a c t e r ia l  p o p u la tio n  

are  in t im a te ly  a s s o c ia te d  w ith  changes in  the s e l e c t i v i t y  o f  the h o s t  en ­

v iro n m en t. Thus normal serum appears to  co n ta in  fa c to r s  which sup p ress
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th e  e s ta b lish m e n t o f  R forms and fa v o r s  the developm ent o f  3 form s.

But as a n t ib o d ie s  ( a g g lu t in in s )  are  produced a g a in s t  the S form , i t  i s  

su p p ressed  and an environm ent i s  e s t a b lis h e d  which fa v o r s  the developm ent 

o f  R forms* When th e R type has been e s t a b lis h e d  in  d is e a se  c a r r ie r s ,  

th er e  fo l lo w s  a  d e crea se  in  S a n t ib o d ie s  which may a l t e r  the environm ent 

by p e r m itt in g  the n a tu r a l a n t i  R fa c to r s  to  e x e r t  t h e ir  e f f e c t  on th e  R 

form , and a c o n d it io n  fa v o ra b le  to  th e r e e s ta b lish m en t o f  3 forms r e s u l t s .

F ib r in o u s  e n c a p s u la t io n s , a s  found in  many b a c t e r ia l  d i s e a s e s ,  may 

a ls o  ser v e  to  remove th e S form s from the t o t a l  body environm ent. I f  

in  th e se  e n c a p su la t io n s  th ere  i s  an S to  R tr a n sfo r m a tio n , when the R 

form s are  r e le a s e d  in to  th e body, c o n d it io n s  would fa v o r  the e s t a b l i s h ­

ment o f  S form s* T h is p o s s i b i l i t y  p r e se n ts  in t r ig u in g  im p lic a t io n s  fo r  

a d is e a s e ,  such a s  th a t  produced by L* mo no cv toge  ne s  where the l e s i o n s  

a re  a lm ost alw ays lo c a l i z e d  and co n c e iv a b ly  could and would be e n c a p su l­

a te d  i f  the d is e a s e  were l e s s  acu te*  S e d a ll ia n  e_t a l .  ( 1948) rep o rted  

th e i s o l a t i o n  o f  what th ey  co n sid ered  an R form o f  L. m onocytogenes from  

a lo c a l iz e d  lu n g  l e s i o n  in  a 45 year  o ld  man. The au th ors do n ot d e sc r ib e  

the co lo n y  but s t a t e d  th a t s ta in e d  smears showed la r g e  rods to f i la m e n ts  

which were gram n e g a t iv e ,  m o t ile  and req u ired  g lu c o se  f o r  grow th. I t  

f a i l e d  to  k i l l  r a b b it s  and to  produce a c o n j u n c t iv i t i s .  However i t  d id  

k i l l  m ice and g u in ea  p ig s  w hich showed a m on ocytosis  and f o c a l  h e p a t ic  

n e c r o s is  a t  n ecro p sy . Helm boldt et. a l .  (1951) rep o rted  the i s o la t io n  

o f  L . m onocytogenes from a lo c a l iz e d  a b cess  in  the b ra in  o f  a p ig  which  

d ie d  a f t e r  show ing symptoms o f  a nervous d iso r d e r . L esion s a s s o c ia te d  

w ith  l i s t e r i c  e n c e p h a l i t i s  were not o b serv ed . U n fo r tu n a te ly  no m ention  

was made o f  c o lo n ia l  c h a r a c t e r is t ic s  o f  t h i s  c u ltu r e .  Old lo c a l iz e d  

f i b r o t i c  le s io n s  have o f t e n  been observed  in  v a r io u s  v is c e r a ,  p a r t ic u la r ly
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i n  th e  u teru s  and h ea r t o f  r a b b its  th a t su rv ived  in traven ou s exposure*

On c u ltu r e  t h e s e  l e s i o n s  a r e  o f t e n  s t e r i l e *  In  a few  in s t a n c e s  S —l i k e  

c u l t u r e s  o f  L* mo no cy  to  ge ne s  have b een  i s o l a t e d .  At no tim e have any  

o f  th e  ty p e  c u l t u r e s  i d e n t i f i e d  in  t h i s  s tu d y  b een  i s o l a t e d ,

A n o ta b le  exam ple o f  a lo c a l i z e d  le s io n  due to  L . m onocytogenes i s  

th e  en ca p su la ted  n e c r o t ic  fo c u s  w hich d ev e lo p s a t  th e s i t e  o f  subcutaneous 

in o c u la t io n  o f  c u ltu r e s  from S c o lo n ie s .  T his l e s i o n  p r e se n ts  in t e r e s t in g  

p o s s i b i l i t i e s  fo r  S to  R or  R to  S s tu d ie s *  At th e  p re se n t tim e t h i s  

has been su b je c te d  to  o n ly  a few  ex p lo r a to r y  o b s e r v a t io n s , and in s u f ­

f i c i e n t  data have been accum ulated to  draw p o s i t iv e  co n c lu s io n s*  From 

some o f  th e se  l e s io n s  w hich d evelop  from S c u ltu r e s  i t  was p o s s ib le  to  

r e i s o l a t e  what appeared to  be S c u ltu r e s*  However, a f t e r  24  hr in cu b a­

t io n  th e se  c o lo n ie s ,  e s p e c ia l ly  th o se  w e ll  s e p a ra ted , appeared to  be 

la r g e r  and have a more w rin k led  su r fa ce  than d id  th e  o r ig in a l  S c o lo n ie s  

a f t e r  th e same in cu b a tio n  p e r io d . F ig .  33* A fte r  l±Q hr in cu b a tio n  th ey  

were in d is t in g u is h a b le  from the o r ig in a l  S c u ltu r e .  At t h i s  tim e i t  can  

not be d e f i n i t e l y  s ta te d  w hether th ese  c o lo n ie s  rep re sen t the s o - c a l le d  

" r e v e r te d  9* o f  H adley (1 9 3 7 ) , S p ic e r  (193&) and M ellon ejb a l • (1944)*  

"R everted S" i s  a term a p p lie d  to  S - l ik e  c o lo n ie s  which a r is e  from R 

c u ltu r e s  and appear to  be an R to  S r e a c t io n  but a c t u a l ly  i s  an £ to  R 

to  S1 , S1 b e in g  th e r e v e r te d  S .  The r e v e r te d  S o f  S p ic e r  (1936) and 

M ellon eib a l .  (1944-) showed d i s t in c t  d if fe r e n c e s  from th e normal £ form . 

Braun ( 19 4 6 ) in  dji v i t r o  s tu d ie s  w ith  B r u c e lla  ab ortu s found o n ly  an 

in c r e a se d  growth r a te  fo r  r e v e r ted  S form s, a l l  o th er  c h a r a c t e r is t ic s  

were id e n t ic a l  to  th e normal S .  T his aga in  p r e se n ts  the q u es tio n  o f  

w hether th ere  i s  tru e  R to  S r e v e r s io n  or whether i t  i s  o n ly  "apparent 

reversion "  .  Huddelson jet a l * ( I 952) f a i l e d  to f in d  ev id en ce  o f  R to  £ 

r e v e r s io n  e i t h e r  in  in  v i t r o  or  in  v iv o  s tu d ie s  w ith  B r u c e l la . Braun



( 1946a) claims true reversion i s  possib le  providing the environment i s  

such, that S forms which develop in  R cu ltures are able to m anifest them­

se lv es*  This i s  seldom p ossib le  under in  v itro  condions but may occur 

in  v iv o .

In th is  study there was no evidence that true R to 3 reversion  oc­

curred e ith er  in  v itr o  or in. v iv o * S forms which developed from R cultures 

maintained for  long periods of time in  tryptose broth containing 2 , 3» 5 “ 

triphenyltetrazolium  chloride or from the small lo ca lized  n ecro tic  les io n s  

that developed in  rabbits a fte r  subcutaneous in ocu lation  o f R cu ltures  

to which Wydase had been added, were presumed to be the r e su lt  of S type 

c e l l s  in  the R cu ltures or reverted S typ es. Webb and Barber (1937) re ­

ported that p la tin g s  of co lo n ies  o f L* mo no cy to ge ne s resu lted  each time

in  approximately equal numbers o f both S and R fonsns, in d ica tin g  that 

they may a c tu a lly  have had an I form rather than a true R. S e e lig er  and 

Linzenmeier (1953) fa i le d  to find evidence o f 3 forms in  R cu ltures even 

a fte r  18 mo observation . Hirato e t  a l * (1954) did not mention R to S r e ­

version* However, from these meagre data i t  appears that there i s  no 

true R to S reversion  in  cu ltu res o f L. monocytogenes.

From the photographs of R co lon ies o f L. monocytogenes published by 

Webb and Barber (1937)* Barber (1939). S e e lig er  and Linzenmeier (1953) 

and Hirato e t  a l ,  (1954)* one can o n ly speculate as to which p articu lar  

colony type they were d ea lin g . None of the photographs appear to have 

been made with ob liq u ely  r e f le c te d  l ig h t .  The R co lon ies described by 

Webb and Barber (1937) no doubt were type R-Zj.* This would exp la in  the 

almost equal numbers o f S and R forms which developed from successive  

p la t in g s . Other R forms which may have developed perhaps escaped d etec­

tion  due to the fa c t  that oblique lig h tin g  was not employed. Only Barber
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(1939) mentions the occurrence o f interm ediate forms. The one pictured  

appeared to be an R-4 type. The R co lon ies shown may have been R-3*

T h is was su g g e ste d  by t h e ir  ir r e g u la r  m argins and lon g  s le n d e r  fila m en to u s  

c e l l s .  The c e l l s  o f  the in ter m e d ia te  type were a m ixture o f  rods and 

f i la m e n t s .  In  t h i s  r e sp e c t  t h e ir  f in d in g s  were s im ila r  to  th o se  rep orted  

h e r e .

The c o lo n ie s  shown by H irato  et. ad. (1954) appear to  be R-3* The 

photom icrograph ten d s to  confirm  t h i s .  The c o lo n ie s  shown by S e e l ig e r  

and L inzenm eier (1954) were in t e r e s t in g  because th ey  are the o n ly  ones  

to  show ev id en ce  o f  s e c to r  fo rm a tio n . Other than th a t i t  would be d i f ­

f i c u l t  to  determ ine w ith  w hich s p e c i f i c  R form th ey  were working as th e ir  

c u ltu r e s  were grown on b lood  a g a r .

Ihterson (1940)* i*1 stu d ies o f the pathogen icity  o f L. mono cy to genes 

fo r  the embr3ronating chicken, did not describe the R forms with which he 

worked. N either are there su ggestions as to which p ossib le  R forms the 

various French workers had encountered. (Verge and Goret, 1941* B e lin , 

1946? Harvier et, a l  • ,  1943? S ed a llian  ejb a d ., 1948)*

I t  i s  remarkable that o f the severa l doctoral theses (Z e lle r , 1949? 

B oekels, 1950; Schulz, 1950; Ozgen, I 95I 5 Beinhauer, 1953) presented at 

the Justus L iebig Veterinary High School, G iessen, Gennany, none of the 

authors mentioned the occurrence o f R forms; in  sp ite  of ex ten sive  stu d ies  

on cu ltu ra l c h a r a c ter is t ic s  including co lon ia l morphology. Only Z eller  

(1949) mentions the presence of halos on some colon ies a fte r  several days 

incubation . The fa ilu r e  to recognize R forms must have resu lted  from 

fa ilu r e  to employ ob liqu ely  r e flec ted  l ig h t .

There i s  a need fo r  a more e f f e c t i v e  v a c c in e  a g a in s t  l i s t s r i c
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e n c ep h a lit is  than i s  presen tly  a v a ila b le . Tfte use o f non-viru lent variants  

o f  sev era l b a c ter ia l sp ecies as immunising agents i s  w e ll e sta b lish ed .

The most notable type perhaps i s  the M form of B rucella  abortus (Huodelson, 

1946)* However in  the genus L is te r ia  i t  has been found that a g g lu tin a t­

ing  antibodies are not a measure o f protection  against in fe c t io n .

J u lia n e lle  (1941) on stu d ies in  mice was the f i r s t  to suggest t h is .

Hunter e t  a l .  (1950) found that mice immunized with varian ts o f L. 

monocytogenes produced by exposure to radioactive phosphorus, gave no 

p rotection  when the mice were challenged with a le th a l dose of culture s ix  

weeks la t e r .  I t  has been found in  unpublished stu d ies that rabbits im­

munised w ith S cu ltures o f L. monocytogenes and which showed high agg lu t­

in a tin g  antibody t i t e r s ,  (1 :1280  or more) against S cultures were not 

always protected from a le th a l exposure to the homologous cu ltu re . This 

was again confirmed in  the attempts to immunize rabbits with R cu ltures  

as reported here. I t  i s  obvious that some other means to measure immunity 

must be devised for  th is  bacterium. Various in v estig a to rs (B e lin , 194&? 

Graham at a l .  , 1943; Kaboyashi, 1951; Zink et. a l . ,  ; P o te l, 1954?

Ehrenhardt, 1954) found that many animal sp ec ies  show high agg lu tin atin g  

t i t e r s  against L* monocytogenes. Hirato et. a l .  (1954) reported wide f lu c ­

tuation s in  agg lu tin a tin g  t i t e r s  of ind ividual sheep during an outbreak 

o f  l i s t e r io s i s *  U n til the s ig n ifica n ce  o f these t i t e r s  i s  determined, they 

serve no purpose as an in d ica tion  o f e ith er  previous exposure or p o ten tia l  

resistan ce*

Hunter e t a l .  (1950) and S ee lig er  and Linzenmeier (1953) are the 

only in v estig a to rs  to mention agg lu tin ation  stu d ies with R c u ltu res ,

Two o f the 19 varian ts iso la te d  by Hunter .et ad. (1950) agglutinated  

spontaneously in  sa lin e  when agg lu tin ation  reaction s were attem pted.

No mention was made o f autoagglu tination  in  the remaining 17 varian ts
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s tu d ie d . S e e l ig e r  and L inzenm eier (1953) found th a t R c u ltu r e s  showed a 

s tr o n g  tend ency toward a u to a g g lu t in a t io n . Only by th e employment o f  

u lt r a s o n ic s  were th ey  a b le  to  prepare s ta b le  su sp en sio n s o f  R c u lt u r e s .

By t h i s  method th ey  were a b le  to  dem onstrate s p e c i f i c  a g g lu t in a t io n  o f  

R c u l t u r e s .  A u to a g g lu tin a tio n  d id  not p r e se n t a p a r t ic u la r  problem in  

t h i s  s tu d y . I t s  occu rren ce was in c o n s is t e n t  and a t  tim es in v a l id a te d  

app arent r e s u l t s .  B o eck e ls  (1950 su g g ested  th a t i f  a 0 .2 ^  s a l in e  s o lu ­

t io n  were employed fo r  a g g lu t in a t io n  r e a c t io n s  w ith  L. m onocytogenes more 

c o n s is t e n t  r e s u l t s  cou ld  be o b ta in ed  than w ith  0.85% s a l i n e .  T his has 

n o t been used  w ith  R c u ltu r e s  but may prove u s e fu l  in  the f u t u r e .

T h is r e p o r t e s t a b l is h e d  th a t  in  the genus L is t e r ia  a t  l e a s t  2 0  d i s ­

t i n c t  c o lo n ia l  forms o c c u r , s i x  o f  which can be m ain ta ined  in  s ta b le  

form . Of th e s e  2 0  fo rm s, one i s  smooth and th e o th e r s  rough . Whether 

any o f  th e  R form s occu r in  nature e i t h e r  w ith in  or o u ts id e  the anim al 

body, or  occu r as common but u n recogn ized  s o i l  organism s or saprophytes  

rem ains to  be d eterm in ed . However w ith  th e  d e te c t io n  and r e c o g n it io n  o f  

th ese  20 ty p e s  a ttem p ts can be in i t i a t e d  to  determ ine th e  n a tu ra l r e s e r ­

v o ir  o f  t h i s  m icroorgan ism .

SUMMARY

Twenty d i f f e r e n t  c o lo n ia l  forms o f  L is t e r ia  m onocytogenes could be 

d e te c te d  by means o f  o b l iq u e ly  r e f le c t e d  l i g h t  and a b in o cu la r  scan n in g  

m ic r o sc o p e . One o f  th e se  foim s was the n a tu r a lly  o c cu rr in g  smooth form  

found in  i s o la t io n s  from in f e c te d  human or anim al t i s s u e .  T his type was 

c h a r a c te r iz e d  by a  sm a ll c ir c u la r ,  s l i g h t l y  r a is e d ,  f i n e l y  te x tu r e d , tra n s  

lu c e n t ,  b lu e -g re e n  c o lo n y . T his gave r i s e  e i th e r  d i r e c t ly  or in d ir e c t ly  

to  th e  rem aining 19 ty p es  d es ig n a ted  as rough. They were c h a r a c ter iz ed
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by a v a r ie ty  o f c o lo n ia l  forms which d if fe re d  in  te x tu re , c o n fig u ra tio n , 

o r  c o lo r  from the smooth ty p e . Only the smooth form was pathogenic f o r  

r a b b i t s  when in o c u la te d  in tra v en o u s ly  o r  i n s t i l l e d  in to  the eye. S ix  o f 

the  19 rough forms could be m ain tained  in  s ta b le  form . There were no 

in d ic a t io n s  th a t  rough types re v e r te d  to  smooth. On the  b a s is  of f e r ­

m en ta tive  and b iochem ical re a c tio n s  the rough types were in d is t in g u is h ­

a b le  from the p a re n t smooth ty p e , bu t d id  d i f f e r  in  a n tig e n ic  s t r u c tu r e .  

C e rta in  rough forms which produced high a g g lu tin a tin g  antibody  t i t e r s  

a g a in s t  the  smooth form f a i le d  to  p ro te c t  r a b b its  a g a in s t  a subsequent 

l e t h a l  dose o f smooth c u l tu re .  I t  was suggested th a t  a n tib o d ie s  found 

in  th e  blood o f many anim als which a g g lu tin a te d  the smooth type c u ltu re  

were n e ith e r  an in d ic a t io n  of exposure nor of immunity. Because of the  

u b iq u ito u s  n a tu re  o f l i s t e r i o s i s  in  anim als and man, th e re  i s  a p o s s ib i l i ty  

th a t  some o f th ese  rough forms may e v e n tu a lly  be found in  e i th e r  c a r r i e r  

an im als o r  substances such as s o i l  o r  w a te r.



BIBLIOGRAPHY

A sah i, 0 . and T. Hosoda. 1952. S tud ies on l i s t e r i o s i s  in  dom estic 
anim als* I I I ,  S tu d ies  on experim ental l i s t e r i o s i s  in  mice*
Med* & Biol* 2k.: 100-103*

A sah i, 0* and T* Hosoda* 19.53• S tu d ies  on l i s t e r i o s i s  in  dom estic
anim als* IV* O bservations on the  ro u te  of in fe c tio n s  v ia  t r i g -  
m inal nerve f i b e r  o f L* monocytogenes in  mice* Med, & Biol*
2 6 : 72-75*

B arb er, M* 1939* A com parative study o f L is te r e l l a  and L ry s ip e lo th r ix . 
J .  Path* & Bact* 48? 11-23*

B einhauer, W* 1953* E ing liederung  e in e s  Starames von L is te r ia  monocyt­
ogenes in  d ie  Sammlung u n te r  besonderer B erucksich tigung  der s e ro -  
lo g isch en  V e rh a ltn is se , 28 pp, D iss , Giessen*

B e lin , M* 194&* La l i s t e r i o s e  eq u in e . B u ll .  Acad* V et. 19: I 76- I 8I ,

B oeckels, H* 1950* Bin B e itra g  zur A g g lu s tin a tio n s tec h n ik  m it L is te r ia
mo no cy t  o ge ne s u n te r  besonderer B erucksich tigung  d er dabei optim alen
K o ch sa lzd ich ie . 24  PP* D iss , G iessen .

Braun, W* 194&* D iss o c ia tio n  in  B ru ce lla  a b o r tu s : A dem onstration  of
the ro le  o f in h e re n t and environm ental f a c to r s  in  b a c te r ia l  v a r ia ­
t io n .  J .  B ac t. 51 : 327-349*

B raun, W, I 946&* The e f f e c t  of serum upon d is s o c ia t io n  in  B ru ce lla  
a b o r tu s ; A dem onstra tion  o f the ro le  o f s e le c tiv e  environm ents 
in  b a c te r i a l  v a ria tio n *  J ,  B act. 5 2 : 243-249*

Braun, ¥* 1947* B a c te r ia l  d is s o c ia t io n .  B ac t. Rev. 11: 75-114*

Braun, W. and A. E* B o n e s te l l .  1947* Independent v a r ia t io n  o f charac­
t e r i s t i c s  in  B ru c e lla  a b o rtu s  v a r ia n ts  and th e i r  d e tec tio n *  .Am*
J* Vet* R es. 8 : 386- 390 .

E hrenhard, D* 1954* S ero log ische  Untersuchungen b e i Hause- und
N u tz tie re n  insebesondere  R indern auf A g g lu tin a tio n  m it L is te r ia  
in f a n t i s e n t i c a * 28 pp. D iss . H a lle /S a a le .

G ira rd , K* F . and E . G* D. M urray. 1951* L is te r ia  monocytogenes a s
the cause o f d ise ase  in  man and an im als, and i t s  r e l a t io n  to

in fe c tio u s  m ononucleosis from an e t io lo g ic a l  and immunological 
aspec t*  Am* J .  Med. Sci* 221: 343—352*

Graham, R*, N. D. Levine and G. C. M orrill*  1943* L is te r e l lo s i s  in  
dom estic an im als . 99 pp . Univ. 111. A gric . E xpt. S ta tio n  B u ll.
499*



-  118 -

G ray, M. L .,  H. J .  S ta fs e th  and Frank Thorp, J r .  195°• The use o f
sodium a z id e , potassium  t e l u r i t e ,  and a c e tic  a c id  in  a s e le c tiv e  
medium f o r  the i s o la t io n  o f L is te r ia  monocytogenes. J ,  B act.
59? 443-444*

Gray, M. L . , C. A. L a s s i te r ,  H. D. W ebster, C. F . Huffman and Frank 
Thorp, J r .  1954* L is te r ia  i s o la te d  from the l iv e r  of c a lv e s .
In  p re p .

8-ray, M* L. and D. H. McWade. 1954* The i s o la t io n  o f L i s te r ia  mono­
cytogenes from the bovine c e rv ix . J .  B ac t. In  p re s s .

G r in i , 0 . 1943* L is te r e l l a  mono cytogene s som a rsak  t i l  s e p t ic o -
pyemi hos f o i l .  N orsk. V et. T id sk . 5 5 : 97- 104.

H adley, P . 1927* M ierobic d is s o c ia t io n .  J .  I n f .  D is . l\D: 1-312.

H adley, P . 1937* F u rth e r  advances in  the study o f m ierobic d is s o c i ­
a tio n *  J .  I n f .  D is . 6 0 : 129-192.

H a rv ie r , P . ,  G. H. Lavergne and R. G la is se . 1943* In fe c t io n s
humaines a " L is te r e l l a  m onocytogenes.1* P a r is  M edical. 125: 125-131*

H elm boldt, G. F . ,  R. E . Jacobs and L. I .  Case. 1951* An outbreak  
o f po rc ine  l i s t e r i o s i s .  V et. Med* l±6% 347-349*

Henry, B. S . 1933* D isso c ia tio n  in  the  genus B ru c e lla . J .  I n f .  D is . 
5 2 : 374-402.

H ira to , K ., K. Shim izu, T. Ono, G. S a to , Y. Yawata and Y. N ish ih a ra . 
1954* B a c te r io lo g ic a l  o b se rv a tio n s  on an ou tb reak  o f  ovine 
l i s t e r i o s i s  in  Sapporo. V et. Res. 1 : 191-200.

Huddleson, I .  F* 194&* The mucoid phases o f the  genus B ru c e l la .
Am. J .  V et. R es. 7? 5 “1 ° .

Huddleson, I .  F . ,  M. A. R ichardson , J .  Warner and B. B a l t s e r .  1952. 
S tu d ie s  in  b r u c e l lo s is ,  I I I .  A s e r ie s  o f f iv e  p a p e rs . Mich. 
A g ric . E xp t. S ta tio n  Memoir 6 .

H unter, M. C ., G. L. S tah ly  and 1/fa. G. Myers. 1950. V a ria tio n s  of
T fi s t e r i a  mo no cy t  o ge ne s  produced by b e ta  p a r t i c l e s  from rad iophos­
phorus. Ohio J .  S c i. 50 : 253-259*

J u l i s n e l l e ,  L. A. 1941* B io lo g ic a l and immunological s tu d ie s  o f 
L i s t e r e l l a .  J* B act. 1)2: 3^7-383*

K aboyashi, M* 1951* Outbreaks o f L is te r io s i s  in  Japan . D raft o f 
ms. P u b lic a tio n  u n ce rta in *

M ellon, R. R ., P. Hadley and F . P. Hadley. 1944* P o ssib le  epidem i­
o lo g ic  b ea rin g  o f a n tig e n ic  re -c o n s tru c tio n s  o ccu rrin g  in  rough 
and d ip h th e ro id  cy c lo stag es  of hem olytic s t re p to c o c c i. J .  B act.
47: 473-474*



-  119 -

N a g e li , G. 1877* Untersuehungen uber d ie  n iedere  P ilz e  und ih ren
Besiehung zu den In fe k tio n sk ra n k h e ite n  und der G esundheitsp flege.

O lson, C .t J r . ,  L. A. Dunn and 0 . L. R o llin s . 1953* Methods fo r
i s o l a t i o n  o f  L is t e r ia  m onocytogenes from sh e ep . Am. J .  V et. R es .
1%: 82-85 .

Osgen, H* 1951* Dber d ie  L is te r ia  monocytogenes. 32 pp* D iss . G iessen .

P a te rso n , J .  S* 194-0* Experim ental in f e c t io n  o f the  ch ick  embryo w ith  
organism s o f the genus L i s t e r e l l a . J .  P a th . & B ac t. 51? 437-440*

Pt>tel, J .  1954* Zur Epidemiology der L is te r io s e  der Neugeborenen 
(G ranulom atis i n f a n t i s e p t i c a ) .  D euts. G esundheit. 3? 92-95*

R oine, P . ,A* R a itio  and U. V a rtio v a a ra . 1953* L is te r ia  in fe c tio n  in  
the  guinea p ig  caused by feed in g  aureom ycin. Nature (London)
172 : 767 .

Schoop, G. 1951* L is te r ia  monocytogenes, e in  K ra n k h e itse rre g e r unsere
H a u s tie re . D tsch . T ie r a r z t l .  Wochen.

S ch u lz , H* 1950* L ie P a th o g en ita t und Pathogenese der L is te r ia
mono cyto ge ne s (M u rray -P irie ) .  22 pp. D iss . G iessen .

S e d a ll ia n , P . , J .  M binecourt and R* M aral. 1948* In fe c tio n s  a
" L is te r e l l a 11. B u ll ,  e t  mem. Soc* Med. H op it. de P a r i s .  34^-350.

S e e l ig e r ,  H. and G. L inzenraeier. 1953* Die l i s t e r i o s e  und ih re  e rre g e r  
(L i s t , m onocytogenes) .  Z e i ts c h r .  f .  Hygiene. 136 : 33&-378.

S o h ie r , R ., F . Benazet and M. P iechaud . 1948. Sur un Germe du Genra
L is te r ia  apparemment non Pathogene. Ann. P a s te u r I n s t .  74? 54“57*

S p ic e r , S . 193&* A study  o f v a r ia t io n  in  hem olytic s tre p to c o c c i
from s c a r l e t  fe v e r  and e ry s ip e la s .  I I ,  Comparative v iru le n c e , 
carbohydrate  fe rm e n ta tio n , to x in  p roduction  o f the  S and R 
s t r a i n s .  P ro te c t iv e  power of S and R v a c c in e s . R eversion .
J .  B ac t. 32 : 105-114*

S ta n le y , N. F . 1949. S tu d ie s  on L is te r ia  monocytogenes. I .  I s o la t io n  
o f a m onocytosis-producing  agent (MPA). A ust. J .  E xpt. B io . &
Med. 27? 123-131*

The Manual o f  Methods fo r  the Pure C ulture Study o f  B a c te r ia . 1946* 
B io te c h  P u b l ic a t io n s ,  Geneva, N. Y.

Webb, R. A. and M. B arb er. 1937* L is te r e l l a  in  human m e n in g itis .
J .  P a th . & B a c t . 45? 523-539*

V erge, J* and P . G oret. 1941* Les m alad ies communes a l'horame e t  aux 
anim aux. La l i s t e r i o s e  ou l i s t e r e l l o s e , R e c u e il ,  Med, V e ter .
117? 5-29*



-  120 -

Wenkebach, G. K. 1953* (C u ltiv a tio n  o f L is te r ia  mono cy to  gene s from 
the u re th ra  o f men), R a is . d e l .  Comun. 2:  Sec. 8 -9 , 4°6*

Z ie lle r, M. 1949* L ie m orphologischen und k u l tu r e l l  nachweisbaren 
b io lo g isc h en  E igenschaften  der L is te r ia  monocytogenes (Murray) 
P i r i e .  33 PP* L is s .  G iessen .

Z ink, A ., G. C. de M ello , R. L. B u rkhart. 1951* L is t e r io s i s - f i e ld
and la b o ra to ry  s tu d ie s ,  and aureomycin a c t iv i t y .  Am. J .  V et. Res. 
1 2 : 194- 198.



M itc h e ll  L. Gray

L is t e r ia  m on ocytogen es: A Review and D is s o c ia t io n  S tu d ie s

An A b strac t

The th e s i s  i s  d iv ided  in to  two p a r t s .

P a r t  one c o n s t i tu te s  a review  of the  w orld1s l i t e r a t u r e  w ith  

em phasis on the v a rio u s  d ise ase  p rocesses w ith  which the  bacterium  

L is te r ia  m onocytogenes. has been a s s o c ia te d . E n c e p h a litis  in  sheep , 

cows and g o a ts  was the  most p rev a len t form . Then fo llow ed septicem ia 

w ith  m en in g itis  in  many sep ticem ia  w ith  o r  w ithout m en in g itis  in  mono- 

g a s t r ic  an im a ls , e s p e c ia l ly  ro d e n ts ; a b o rtio n  in  man; a b o rtio n  in  anim als 

and c o n ju n c t iv i t i s  in  man* The accum ulated re p o r ts  f a i l e d  to  re v e a l 

c le a r  cu t ep id em io lo g ica l tren d s  and the  s p e c if ic  mode of tran sm iss io n  

was o b sc u re . The blood o f  many normal anim als was found to  co n ta in  high 

a g g lu t in a t in g  an tibody  t i t e r s  f o r  L. monocytogenes. In  no in s tan ce  was 

the  bacterium  found o u ts id e  the  anim al body y e t the  wide d is t r ib u t io n  and 

m u l t ip l i c i ty  o f d ise a se  p ro cesses  w ith  which i t  has been a s so c ia te d  sug­

g e s ts  th a t  the  bacterium  i s  a c tu a l ly  w idely  d is t r ib u te d  in  n a tu re , perhaps 

in  an unrecognized form .

P a r t  two i s  a s tudy  devoted to  the  re c o g n itio n  and is o la t io n  o f 

"rough" c o lo n ia l  v a r ia n ts  which develop in  "smooth" c u ltu re s  m ain tained  

on a r t i f i c i a l  media under la b o ra to ry  c o n d itio n s . By means o f o b liq u e ly  

r e f le c te d  l ig h t  and a b in o c u la r  scanning microscope 20 d i f f e r e n t  c o lo n ia l  

forms o f L. monocytogenes could be d e te c te d . One o f these  forms was the 

n a tu r a l ly  o ccu ring  smooth form found in  is o la t io n s  from in fe c te d  human 

o r  anim al t i s s u e .  T his was c h a ra c te r iz e d  by a sm all c i r c u la r ,  s l ig h t ly  

r a i s e d ,  f in e ly  te x tu re d , t r a n s lu c e n t ,  b lue-g reen  colony which gave r i s e  

e i th e r  d i r e c t ly  o r in d i r e c t ly  to  the rem aining 19 rough ty p e s . These were
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c h a ra c te r iz e d  by a v a r ie ty  o f c o lo n ia l forms which d if fe re d  in  te x tu re ,  

c o n f ig u ra tio n , o r  c o lo r from th e  smooth ty p e . Only the  smooth form was 

pathogen ic  f o r  r a b b i t s .  Six of the  19 rough forms could be m aintained  

in  pure form . Rough types were in d is tin g u ish a b le  from the  p a ren t smooth 

type in  fe rm en ta tiv e  and biochem ical r e a c t io n s .  C e rta in  rough forms 

which produced h igh  a g g lu t in a t in g  antibody  t i t e r s  a g a in s t the smooth 

form f a i l e d  to  p ro te c t  r a b b i t s  a g a in s t a subsequent l e th a l  dose o f smooth 

c u l tu r e , su g g estin g  th a t  a n tib o d ie s  found in  the  blood o f many anim als 

which a g g lu tin a te d  smooth type c u ltu re s  v/ere n e ith e r  an in d ic a tio n  o f ex­

posure nor immunity. Because o f the  u b iq u ito u s  n a tu re  o f l i s t e r i o s i s  

in  anim als and man, th e re  i s  a p o s s ib i l i ty  th a t  seme rough forms may 

e v e n tu a lly  be found in  e i th e r  c a r r i e r  anim als o r  substances such as s o i l  

and w a te r .


