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i. INTRODUCTION

The im p o rtan ce  o f  e a r l y  d i a g n o s i s  and Immediate t r e a t ­

ment o f  pulm onary t u b e r c u l o s i s  i s  nowadays b e in g  i n s i s t e d  upon 

by a l l  P u b l i c  H e a l th  A u t h o r i t i e s ,  and i t  i s  everyw here  acknowledged 

t h a t  th e  p r o s p e c t s  o f  r e c o v e r y  a r e  enhanced i n  p r o p o r t i o n  a s  t r e a t ­

ment i s  i n s t i t u t e d  e a r l y .  I n  B r i t a i n ,  th e  h i g h e s t  d e a th  r a t e  

from  pulm onary t u b e r c u l o s i s  i s  fo und  i n  young a d u l t s  aged 15 -  

25 y e a r s .  Many o f them a r e  n o t  n o t i f i e d  a s  t u b e r c u l a r  u n t i l  

t h e  d i s e a s e  i s  f a r  advanced  and beyond a l l  hope o f  c u re .  With 

e a r l y  d i a g n o s i s ,  t h e  d e a th  r a t e  cou ld  be  red u c ed  c o n s id e r a b ly .

One o f  th e  f i r s t  c o n s i d e r a t i o n s  o f  a  c a s e  o f  s u s p e c te d  

pulm onary  t u b e r c u l o s i s  i s  e x a m in a t io n  o f  th e  sputum. The d i r e c t  

d e t e c t i o n  o f  t u b e r c l e  b a c i l l i  i n  t h e  sputum  by m ic ro sc o p ic  

e x a m in a t io n  i s  c o n c lu s iv e  b u t  what o f  a  n e g a t iv e  f i n d i n g ?  A 

l a r g e  P u b l i c  H e a l th  A u th o r i ty  i n  t h i s  c o u n t r y  h a s  found  t h a t ,  

by c u l t u r a l  m ethods, a  p o s i t i v e  r e s u l t  i s  o b ta in e d  in  sputum 

from  c a s e s  o f  pulmonary t u b e r c u l o s i s  i n  t e n  p e r  c e n t  o f  c a s e s  

w hich were n e g a t iv e  to  th e  o r d in a r y  m ethods o f  e x am in a t io n .

Here l i e s  th e  im p o rtan c e  o f  s u c c e s s f u l  c u l t i v a t i o n  o f  t u b e r c l e  

b a c i l l i  from  t h e  sputum . F o r  t h i s  r e a s o n  a lo n e  i t  i s  im p e ra t iv e  

to  have a  r e l i a b l e  c u l t u r e  medium.

L u r in g  th e  p a s t  f o u r  y e a r s  w h ile  a c t i n g  a s  M ed ica l  O f f i c e r  

i n  v a r i o u s  S a n a t o r i a  I  have  c a r r i e d  o u t  work on th e  c u l t i v a t i o n  

o f  th e  t u b e r c l e  b a c i l l i  from  sputum.

In  t h e  f o l lo w in g  p a g es  I  p ro p o se  to  d i s c u s s  and compare 

t h e  p r i n c i p a l  media i n  u s e  i n  B r i t a i n  and ab ro ad  and to  d e s c r i b e  

a  m o d i f i c a t i o n  in t ro d u c e d  by m y se lf  which h a s  c e r t a i n  a d v a n ta g e s  

o v e r  e x i s t i n g  m edia .
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HIST0R1CAL
c  •  ______________

On th e  2 4 th  March 1882 R o b e r t  Koch (1 )  announced th e  d i s ­

co v ery  o f  th e  t u b e r c l e  b a c i l l u s  i n  h i s  L e c tu re  to  th e  P h y s i o lo g i c a l  

S o c ie ty  o f  B e r l i n .

Much work had been  done in  th e  e a r l i e r  p a r t  o f  th e  n in e ­

t e e n t h  c e n tu ry  by such  men a s  Laennec ( 2 ) ,  B ay le  (3 )  and 

V i l le m in  (4 )  i n  p ro v in g  t h a t  t u b e r c u l o s i s  was a  m orbid and 

i n f e c t i v e  c o n d i t i o n  b u t  i t  rem ained  to  Koch to  d e m o n s tra te  th e  

a c t u a l  o rg an ism . By th e  a p p l i c a t i o n  o f  a l k a l i n e  m ethy lene  b lu e  

fo l lo w e d  by b ism a rc k  brown he found  i n  s e c t i o n s  o f  t u b e r c u lo u s  

m a t e r i a l  a  c h a r a c t e r i s t i c  b a c i l l u s ,  h i t h e r t o  unknown. A f t e r  

many f a i l u r e s  he su c ce ed e d , by th e  method o f  T y n d a l l ,  i n  grow ing 

th e  b a c i l l u s  on ox o r  sheep serum which had b e en  s t e r i l i s e d  by 

h e a t  a t  58°C. and f i n a l l y  s t i f f e n e d  a t  65°C. The p u re  c u l t u r e s  

were i n o c u l a t e d  i n t o  a  l a r g e  number o f  a n im a ls  and in  p r a c t i c a l l y  

a l l  c a s e s  re p ro d u c e d  t u b e r c u l o s i s .  By t h e s e  d i s c o v e r i e s  Koch 

proved f o r  th e  f i r s t  t im e  i n  h i s t o r y  t h e  p o s t u l a t e s  w hich , 

a l th o u g h  now named K och 's  p o s t u l a t e s ,  had b een  su g g e s te d  by 

h i s  t e a c h e r  H en le . A s p e c i f i c  b a c te r iu m  was th e  c a u se  o f  t u b e r ­

c u l o s i s ,  t h i s  o rg an ism  c o u ld  be  c u l t i v a t e d  from  th e  i n f e c t e d  

t i s s u e s  and when in o c u la t e d  i n t o  an  a n im a l  caused  th e  s p e c i f i c  

d i s e a s e  and c o u ld  a g a in  be r e c o v e re d .

E h r l i c h  (5 )  im m ed ia te ly  im proved upon th e  s t a i n i n g  method 

f o r  t h e  t u b e r c l e  b a c i l l u s .  I n  May 1882, E h r l i c h  p u b l i s h e d  a 

p a p e r  i n  w hich he showed f o r  th e  f i r s t  t im e  t h a t  t h e  b a c i l l u s  

was a c i d - f a s t .  U sing  a  s o l u t i o n  o f  g e n t i a n  v i o l e t ,  to  which 

a n i l i n e  o i l  was added , he found t h a t  even  a f t e r  t h e  a d d i t i o n s  o f  

s t r o n g  s o l u t i o n s  o f  n i t r i c  a c i d  th e  t u b e r c l e  b a c i l l u s  r e t a i n e d  

th e  dy e . When th e  r e s t  o f  th e  p r e p a r a t i o n  was t r e a t e d  w i th  a
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c o u n t e r s t a i n ,  i t  to o k  th e  c o u n t e r s t a i n ,  w h ile  t h e  t u b e r c l e  ' /  

b a c i l l i  r e t a i n e d  th e  o r i g i n a l  c o lo u r .  Koch a c c e p te d  t h i s  

m ethod a s  s u p e r i o r  to  h i s  own and i t  i s  now known u n d e r  th e  

name o f  Z ie h l - h e e l s e n .  A cco rd in g  to  B u l lo c h  (6 )  Z ie h l  used  

c a r b o l i c  a c id  i n s t e a d  o f  a n i l i n e  o i l ;  N e e lse n  a d v is e d  th e  use  

o f  f u c h s i n  i n s t e a d  o f  g e n t i a n  v i o l e t  and o f  s u lp h u r ic  a c i d  in  

p l a c e  o f  n i t r i c  a c id  a s  u se d  by E h r l i c h .  N e i th e r  Z ie h l  n o r  

lMeelsen p u b l i s h e d  t h e  method w hich b e a r s  t h e i r  names and i t  

i s  on}y r e f e r r e d  to  i n  a  f o o t n o t e  o f  a  p a p e r  by Johne (7 )  in  

1885.

Koch i n  a d d i t i o n  to  u s in g  c o n g ea le d  b lo o d  serum a l s o  

c u l t i v a t e d  th e  t u b e r c l e  b a c i l l u s  on g e l a t i n  p re p a re d  w i th  a g a r  

t o  w hich  b e e f - t e a  and p ep to n e  had been  added . The g row th s  were 

sm a ll  and  s p a r s e  and c o u ld  n o t  be  compared w i th  th o s e  on con­

g e a le d  serum . He a l s o  u sed  a  l i q u i d  c u l t u r e  medium. I n  h i s  

famous p u b l i c a t i o n  i n  th e  B e r l i n e r  K l in i s c h e  W o ch e n sch r if t  

( A p r i l  1882) he  s t a t e d  t h a t  K le b s ,  S c h u e l l e r  and  T o u s s a in t  had 

t r i e d  t o  grow m ic ro o rg an ism s  from  tu b e r c u lo u s  m a t e r i a l  i n  a  

l i q u i d  c u l t u r e  medium b u t  a lw ay s  g o t  a  c lo u d i n e s s  o f  t h e i r  

medium a f t e r  a  few  day s  w i th  numerous b a c t e r i a .  I n  K lebs 

e x p e r im e n ts  s m a l l  m o t i l e  r o d s  d e v e lo p e d  and i n  S c h u e l l e r ' s  and 

T o u s s a i n t ' s  th ey  were m ic r o c o c c i .  Koch h im s e l f  found  i t  d i f f i ­

c u l t  to  grow th e  t u b e r c l e  b a c i l l u s  i n  a  f l u i d  medium b u t  when 

he  su cceed ed , w h i le  he g o t  a  weak g row th  h i s  medium rem ained  

c l e a r .  Growth o n ly  showed i t s e l f  a t  t h e  end o f  from  t h r e e  

t o  f o u r  weeks.

The d i s c o v e r y  o f  t h e  t u b e r c l e  b a c i l l u s  by Koch immedi­

a t e l y  l e d  to  a  w orld  wide r e s e a r c h  i n t o  th e  b a c t e r i o l o g y  o f  th e  

o rg a n ism . In  1887 Nocard and Roux (8 )  d i s c o v e r e d  th e  v a lu e  o f  

g l y c e r i n  i n  t h e  c u l t i v a t i o n  o f  th e  t u b e r c l e  b a c i l l u s  and grew
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i t  on a  medium c o n ta in in g  g l y c e r i n  a g a r .  They no ted  d i f f e r e n c e s  

i n  g row th  and morphology o f  th e  o rgan ism  in  c a s e s  o f  human and

a n im a l  t u b e r c u l o s i s .  T h is  a lo n g  w i th  th e  work o f  R i v o l t a  (9)
( 1°)

m  1889 and H a f f u c c i / i n  1890 le d  up to  th e  announcement in  

1896 by Theobald  Sm ith  (1 1 )  t h a t  t h e r e  e x i s t e d  t h r e e  d i f f e r e n t  

t y p e s  o f  th e  t u b e r c l e  b a c i l l . u s ,  namely human, b o v in e  and a v ia n .  

He u se d  c o n g ea le d  d o g 's  serum a s  t h e  b a s i s  o f  h i s  medium. 

Theobald  Sm ith  was t h e  f i r s t  p e rs o n  to  f i n d  t h a t  th e  human ty p e  

grew more q u ic k ly  and more l u x u r i a n t l y  th a n  th e  b o v in e  ty p e  on 

a r t i f i c i a l  m ed ia .

F i n a l l y  Koch, a t  th e  B r i t i s h  C ongress on T u b e r c u lo s is  

i n  1901  s t a t e d  t h a t  "human t u b e r c u l o s i s  d i f f e r s  from  bov ine  

and c a n n o t  be  t r a n s m i t t e d  to  c a t t l e " .  He c a r r i e d  th e  m a t t e r  

f u r t h e r ,  s t a t i n g  t h a t  b o v in e  t u b e r c u l o s i s  was so r a r e l y  t r a n s ­

m i t t e d  t o  man t h a t  th e  d a n g e rs  o f  m ilk  c o n ta in in g  b o v in e  t u b e r ­

c l e  were n e g l i g i b l e ,  a n  e r r o r  w hich to o k  y e a r s  t o  c o r r e c t .  The 

r e s u l t  o f  K o c h 's  c o n te n t i o n  was th e  e s t a b l i s h m e n t  o f  th e  Royal 

Commission (12 )  which c a r r i e d  on r e s e a r c h  f o r  n in e  y e a r s .  T h is  

i n v e s t i g a t i o n  proved  t h a t  th e  b a c i l l u s  o f  b o v in e  t u b e r c u l o s i s  

was e s p e c i a l l y  d a n g e ro u s  to  c h i l d r e n ,  b u t  t h a t  th e  m o r t a l i t y  

o f  i n f e c t i o n  by th e  b o v in e  b a c i l l j i s ,  f o r  a l l  a g e s  was o n ly  s ix  

p e r  c e n t .

Up u n t i l  t h i s  t im e  a ] i . c u l t u r e  media u sed  i n  th e  i s o l a t i o n  

o f  th e  t u b e r c l e  b a c i l l u s  had b e en  made o f  serum from  v a r i o u s  /  

a n im a ls  w i th  o r  w i th o u t  g l y c e r i n .  I n  an  a t t e m p t  to  f i n d  a  

medium w hich would grow th e  b a c i l l u s  q u ic k e r  and more l u x u r i a n t ,  

D o rs e t  (13) i n  1902 ev o lv ed  a  medium c o n ta in in g  h e n ' s  eggs . H is 

r e s u l t s  showed t h a t  h i s  medium was s u p e r io r  to  th o s e  p r e v io u s ly  

u s e d ,  A. S . and F. G r i f f i t h  (14) i n  1907 e x p er im en ted  w i th  a 

v a r i e t y  o f  m edia  and th e y  a l s o  fo und  t h a t  an  egg medium was
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t h e  most su c c e s f l fu l  and cou ld  a lw ay s be r e l i e d  upon f o r  th e  

p r o d u c t io n  o f  p r im a ry  c u l t u r e s .  They a l s o  found  t h a t  o f  th e  

numerous c o n g ea led  s e r a  m edia, t h a t  o f  th e  c a t  was b e s t .

The c h i e f  so u rce  o f  worry to  th e  b a c t e r i o l o g i s t  i n  th e  

c u l t i v a t i o n  o f  th e  t u b e r c l e  b a c i l l u s  i s  th e  c o n ta m in a t io n  by 

o t h e r  b a c t e r i a .  W ith a  v iew  to  e l i m in a t e  t h i s  P e t r o f f  (15) in  

1915 p rodu ced  a  medium c o n ta in i n g  egg, v e a l - j u i c e  and g e n t i a n  

v i o l e t .  He s t a t e d  i n  h i s  o r i g i n a l  a r t i c l e  t h a t  th e  work o f 

Churchman, Simons and Krumweide on t h e  e f f e c t  o f  v a r i o u s  dyes 

upon th e  g row th  o f  m ic ro -o rg a n ism s ,  su g g e s te d  th e  use  o f  g e n t i a n  

* v i o l e t  i n  th e  i s o l a t i o n  o f  th e  t u b e r c l e  b a c i l l u s .  G e n tia n  

v i o l e t  was s e l e c t e d  a s  th e  most f a v o u r a b l e  s t a i n  on a c c o u n t  o f  

i t s  i n h i b i t o r y  a c t i o n  on many o rg an ism s .

I n  1922 C a lm ette  (1 6 )  p roduced  a  g l y c e r o l  p o ta to  medium. 

T h is  medium was f u r t h e r  improved by C o rpe r  (17 )  i n  1927 who, 

a f t e r  a  co m parison  o f  D o r s e t ' s  egg medium, P e t r o f f ' s  g e n t i a n  

v i o l e t  medium and C a l m e t t e ' s  g l y c e r o l  p o t a to  medium, evo lved  an  

improved g l y c e r o l  p o t a to  medium w i th  c r y s t a l  v i o l e t  to  i n h i b i t  

c o n ta m in a t io n .

most o f  th e  media a b o u t  t h i s  t im e  a l l  had th e  same aim 

in  v iew , nam ely, to  g iv e  a  p r o f u s e  and  e a r l y  g row th  and to  

i n h i b i t  c o n ta m in a t io n .  Exam ples o f  t h e s e  a r e  th e  m edia o f 

P e t r a g n a n i  ( 1 8 ) ,  Sw eeny-Evanoff (19) and L ow en s te in  ( 2 0 ) .

S in c e  t h e n  t h e r e  h a s  b e e n  a  d e s i r e  f o r  a  more s i m p l i f i e d  

medium w i th  g r e a t e r  s t r e s s  on th e  p r e - t r e a t m e n t  o f  th e  tu b e r c u lo u s  

m a t e r i a l  f o r  i n o c u l a t i o n .  A good exam ple o f  t h i s  i s  th e  n u t r i e n t  

a g a r  egg medium o f  H e r ro ld  ( 2 1 ) .  H e rro ld  em phasized th e  f a c t  

t h a t  s i m p l i f i e d  c u l t u r a l  m ethods were needed  f o r  a  more g e n e r a l  

u s e  o f  t h i s  v a lu a b l e  method o f  c o n t r o l  o f  t u b e r c u l o s i s  a s  w e l l  

a s  t o  s t i m u l a t e  more work on th e  in c id e n c e  and c l i n i c a l  c l a s s i ­

f i c a t i o n  o f  human t u b e r c u l o s i s  i n  a l l  i t s  fo rm s . He p ro ved  t h a t
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t h e  c u l t u r a l  method was much more c e r t a i n  th a n  sm ears and n o t  

o n ly  a s  d e l i c a t e  a s ,  b u t  a l s o  much more prompt th a n  t h e  i n o c u la ­

t i o n  o f  g u in e a - p ig s .

At th e  p r e s e n t  t im e ,  th e  media c h i e f l y  u sed  f o r  th e  

c u l t i v a t i o n  o f  th e  t u b e r c l e  b a c i l l u s  a r e  th o s e  o f  C orper, 

H e r ro ld ,  L ow en s te in , P e t r a g n a n i ,  P e t r o f f  and Sw eany-E vanoff.
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3. the tubercle b a cillu s

M orphology: (22)

T u b e rc le  b a c i l l i  a r e  s l e n d e r  n o n -m o ti le  o rg an ism s which 

va ry  i n  l e n g t h  from  0 .3  to  8 .0 ^ - ^ ,  th e  u s u a l  l i m i t s  b e in g  

2 .5 /* -  -  '5 .5 /* ,  and i n  b r e a d th  from  0 .3  /«  to  0 . 5 / * .  I n  th e  

t i s s u e s  th e y  a r e  seldom p e r f e c t l y  s t r a i g h t ,  b u t  a r e  g e n e r a l ly  

s l i g h t l y  cu rv ed  and n o t  i n f r e q u e n t l y  b e n t  a t  an  a n g le .  The 

b a c i l l i  do n o t  u s u a l l y  s t a i n  u n i fo rm ly ,  b u t  show c l e a r  sp a ce s  

w hich g iv e  th e  s t a in e d  p o r t i o n s  th e  a p p ea ra n c e  o f  c o c c i .  Some­

t im e s  d e e p ly  s t a in e d  o v a l  b o d ie s  a r e  seen  a t  th e  p o le s  o r  i n  

th e  l e n g th  o f  th e  b a c i l l i .  B o th  th e  c l e a r  sp a ce s  and d a r k l y  

s t a in e d  b o d ie s  have b e en  r e g a rd e d  a s  s p o re s  b u t  i t  i s  now 

g e n e r a l l y  b e l i e v e d  t h a t  th e  fo rm e r  a r e  due to  se g m e n ta t io n  o f  

th e  ch ro m o p h il  s u b s ta n c e  and t h a t  t h e  l a t t e r  a r e  c h ro m a tin  

g r a n u le s  such a s  a r e  se en  i n  o t h e r  b a c t e r i a .  The t u b e r c l e  

b a c i l l u s  p r o l i f e r a t e s  by e lo n g a t io n  and t r a n s v e r s e  f i s s i o n  

and n o t  by sp o re  fo rm a t io n .  The f a c t  t h a t  i t  i s  s p e e d i ly  k i l l e d  

by s u n l i g h t  a l s o  i n d i c a t e s  t h a t  th e  t u b e r c l e  b a c i l l u s  h a s  no 

s p o r e s .  M ic r o s c o p ic a l ly ,  an  e n v e lo p in g  o r  c a p s u l a r  waxy su b s ta n c e  

can  o f t e n  be made o u t  around each  b a c i l l u s ,  e s p e c i a l l y  th o s e  which 

have b e en  a r t i f i c i a l l y  c u l t i v a t e d  on serum f o r  s e v e r a l  g e n e ra ­

t i o n s .

I n  t u b e r c u lo u s  t i s s u e s  and e x u d a te s  th e  number o f  

b a c i l l i  i s  v e ry  v a r i a b l e .  They a r e  g e n e r a l l y  numerous i n  e a r l y ,  

a c u t e  o r  p r o g r e s s i v e  l e s i o n s  and o f t e n  a b s e n t ,  m ic r o s c o p ic a l l y ,  

i n  c h ro n ic  l e s i o n s .  The b a c i l l i  o c c u r  s i n g l y ,  o r  two a r e  a t t a c h e d  

end to  end and o f t e n  fo rm  an  a n g le ;  i n  l a r g e  g ro u p s  o r  i n  m asses 

so compact t h a t  i n d i v i d u a l  o rg an ism s  a r e  n o t  seen ; one may a l s o
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see a  s h o r t  c h a in  o f  b a c i l l i .

S t a i n i n g  M ethods;

I t  h a s  a l r e a d y  been  no ted  t h a t  t h e  t u b e r c l e  b a c i l l u s  

i s  su rro u n d ed  by a  f a t t y  o r  waxy c a p s u le  c o n ta in in g  a  l i p o i d  

s u b s ta n c e .  I t  i s  to  t h i s  sh e a th  t h a t  th e  p e c u l i a r  s t a i n i n g  

r e a c t i o n s  o f  th e  b a c i l l u s  a r e  a t t r i b u t e d .  The b a c i l l u s  shows 

l i t t l e  a f f i n i t y  f o r  o r d in a r y  s t a i n s ,  n o t  com bining w i th  them 

u n l e s s  exposed  f o r  a  long  tim e  o r  h e a te d .  Koch o r i g i n a l l y  

s t a in e d  t h e  b a c i l l i  i n  s e c t i o n s  w i th  a l k a l i n e  m ethy lene  b lu e ,  

c o u n t e r s t a i n i n g  w i th  B ism arck  brown. The f i r s t  p r a c t i c a l l y  

u s e f u l  method was t h a t  o f  E h r l i c h  who found t h a t  i f  th e  b a c i l l i  

were s t a i n e d  w i t h  a n i l i n e  and f u o h s in  o r  g e n t i a n  v i o l e t ,  th ey  

s u b s e q u e n t ly  r e s i s t e d  d e c o l o r i s a t i o n  w i th  n i t r i c  a c i d .  Hence, 

th e  d e s i g n a t i o n  o f  th e  b a c i l l i  a s  a c i d - f a s t .  The s t a i n  i n  use  

a t  p r e s e n t  r e s t s  on t h i s  p r i n c i p l e  o f  i n t e n s e  s t a i n i n g  fo l lo w e d  

by d e c o l o r i s a t i o n  v ig o r o u s  enough to  remove th e  s t a i n  from 

e v e r y th in g  on th e  f i l m  b u t  t u b e r c l e  b a c i l l i .  The t u b e r c l e  

b a c i l l u s  can  a l s o  be  s t a in e d  by Gram's m ethod. S ta in e d  in  

t h i s  way th e  b a c i l l i  a r e  o f t e n  ve ry  g r a n u l a r ,  som etim es re se m b lin g  

a  s h o r t  c h a in  o f  c o c c i .  F o r  g e n e r a l  u se  G ram 's method can n o t  

be recommended.

M ethods:

1) Z i e h l - N e e l s e n ' s  method f o r  f i l m  p r e p a r a t i o n s .

2) Z ie h l - N e e l s e n 's  method f o r  s e c t i o n  p r e p a r a t i o n s .

F i lm  p r e p a r a t i o n s  a r e  sm ears ta k e n  w i th  a  p la t in u m  loop  from 

th e  f l u i d  c o n ta in i n g  th e  b a c t e r i a .  The smear i s  sp read  o v e r  

t h e  s u r f a c e  o f  a  g l a s s  s l i d e ,  d r i e d  a t  room te m p e ra tu re  and 

f i x e d  by h e a t i n g  o v e r  a  bu nsen  f la m e .  S e c t io n  p r e p a r a t i o n s

a r e  p o r t i o n s  o f  i n f e c t e d  t i s s u e  t r e a t e d  p r e f e r a b l y  w i th  p a r a f f i n  

and c u t  w i th  a  m icrotom e to  p ro duce  v e ry  t h i n  s e c t i o n s  o f  th e  

t i s s u e .



The Z ie h l -N e e ls e n  method i s  d e s e rv e d ly  th e  most p o p u la r .  

The s t a i n  c o n s i s t s  o f  b a s ic  f u c h s i n  w i th  p h e n o l  a s  th e  m ordant. 

The dye i s  b a s i c  and i t s  c o m b in a t io n  w ith  an  a c id  p ro d u c e s  a 

compound w hich i s  y e l l o w i s h  brown in  c o lo u r .  Any s t r o n g  a c id  

can be used  a s  a  d e c o l o r i s i n g  a g e n t ,  b u t  s u lp h u r ic  a c id  i n  a 

tw en ty  p e r  c e n t  s o l u t i o n  i s  u s u a l l y  employed. In  o r d e r  to  

show what h a s  been  d e c o lo r i s e d  and to  form a  c o n t r a s t  w i th  th e  

re d  s t a i n e d  b a c i l l i ,  th e  p r e p a r a t i o n  i s  c o u n te r s t a i n e d  w i th  

m ethy len e  b lu e .

Z ie h l - N e e l s e n 1s ( s t r o n g )  C arbo l F u c h s in  h a s  th e  fo l lo w in g  

c o m p o s it io n :  -

B a s ic  F u c h s in  ..........................  1 p a r t

A b so lu te  A lc o h o l  .........................10 p a r t s

S o l u t i o n  o f  C a rb o l ic  A cid  (1  : 20) 100 p a r t s

D is s o lv e  t h e  dye i n  th e  a l c o h o l  and th e n  add th e  s o l u t i o n  

to  th e  c a r b o l i c  a c i d .

1) F ilm  p r e p a r a t i o n s : -  Sm ears a r e  made, d r i e d  and f i x e d

a s  d e s c r ib e d  above.

1) F lood t h e  s l i d e s  w i th  f i l t e r e d  c a r b o l  f u c h s i n  and  h e a t  

u n t i l  s team  r i s e s .  A llow  th e  p r e p a r a t i o n  to  s t a i n  f o r  f i v e  

m in u te s ,  h e a t  b e in g  a p p l i e d  a t  i n t e r v a l s  t o  keep  t h e  s t a i n  h o t .  

The s t a i n  m ust n o t  be  a llo w e d  to  e v a p o ra te  o r  d ry  on th e  s l i d e .

2) Wash w i th  w a te r .

3) Immerse th e  s l i d e  i n  20 p e r  c e n t  s u lp h u r i c  a c i d .  The 

r e d  c o lo u r  o f  th e  p r e p a r a t i o n  i s  changed to  y e l lo w i s h  brown. 

A f t e r  a b o u t  a  m inu te  i n  th e  a c i d  remove th e  s l i d e ,  wash w i th  

w a te r  and p l a c e  i t  i n  th e  a c id  a g a in .  T h is  p r o c e s s  sh o u ld  be 

r e p e a t e d  s e v e r a l  t im e s .  The o b j e c t  o f  th e  washing i s  to  remove 

t h e  compound o f  a c id  w i th  s t a i n  and a l lo w  f r e s h  a c id  to  g a in  

a c c e s s  t o  th e  p r e p a r a t i o n .  The d e c o l o r i s a t i o n  i s  f i n i s h e d  when, 

a f t e r  w ash ing , th e  «mear i s  a  f a i n t  p in k .
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4) Wash th e  s l i d e  w e l l  i n  w a te r .

5) T r e a t  w ith  95 p e r  c e n t ,  a l c o h o l  f o r  two m in u te s ,

b) Wash w i th  w a te r .

7) C o u n te r s ta in  w i th  L o f f l e r ' s  m ethy lene  b lu e  f o r  t e n

to  t h i r t y  secon ds .

8) Wash, b l o t ,  d ry  and mount.

A c i d - f a s t  b a c i l l i  s t a i n  b r i g h t  r e d ,  w h ile  th e  t i s s u e  

c e l l s  and o t h e r  o rg an ism s  a r e  s t a in e d  b lu e .

O th e r  o rg an ism s a r e  " a c i d - f a s t "  i n  a d d i t i o n  to  th e  

t u b e r c l e  b a c i l l u s .  The most im p o r ta n t  i n  d i a g n o s t i c  work i s  

th e  smegma b a c i l l u s ,  which i s  f r e q u e n t l y  found i n  u r i n e .  T r e a t ­

ment w i th  s p i r i t  i n  a d d i t i o n  to  a c id  w i l l  d e c o l o r i s e  t h i s  ty p e  

o f  o rg a n ism , w hereas  th e  t u b e r c l e  b a c i l l u s  i s  b o th  a c ia - a n d  

a l c o h o l - f a s t .  The d e c o l o r i s a t i o n  w i th  s p i r i t  i s  t h e r e f o r e  

im p o r ta n t  when exam in ing  u r in e  f o r  th e  p re s e n c e  o f  t u b e r c l e  

b a c i l l i .

I t  sh o u ld  be  n o te d  t h a t  i n  f i l m s  s t a in e d  by Z ie h l - N e e l s e n 's  

method, r e d - s t a i n e d  o rg an ism s i n  th e  m id s t  o f  h y a l in e  m a t e r i a l  

must n o t  be r e g a rd e d  a s  t u b e r c l e  b a c i l l i ,  a s  such  m a t e r i a l  may 

be r e s i s t a n t  t o  d e c o l o r i s a t i o n .

S e c t i o n s : -

1) S e c t i o n s  a r e  t r e a t e d  w i th  x y l o l  to  remove p a r a f f i n ,  t h e n  w ith  

s p i r i t ,  50 p e r  c e n t  a l c o h o l ,  and f i n a l l y  washed in  w a te r .

2) S t a i n  w i th  Z ie h l - N e e l s e n 1s s t a i n  a s  d e s c r ib e d  f o r  f i lm s ,  

b u t  h e a t  g e n t l y ,  o th e rw is e  th e  s e c t i o n  may become d e ta c h e d  from 

th e  s l i d e .

3) Wash w i th  w a te r .

4 ) D e c o lo r i s e  w i th  20 p e r  c e n t  s u lp h u r ic  a c id  a s  f o r  f i l m s .

The p r o c e s s  t a k e s  lo n g e r  owing to  th e  t h i c k n e s s  o f  th e  s e c t i o n  

and c a r e  must be  e x e r c i s e d  i n  w ashing  to  r e t a i n  th e  s e c t i o n  on 

th e  s l i d e .
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5) Wash w e l l  w i th  w a te r .

6) C o u n te r s ta in  w i th  m ethy lene  b lu e  f o r  a  h a l f  t o  one m in u te .

7) Wash w i th  w a te r .

8) Wipe th e  s l i d e  d ry  a l l  round th e  s e c t i o n ,  b l o t  w i th  

f i l t e r  p a p e r  and t r e a t  w i th  a  few d ro p s  o f  a b s o l u te  a l c o h o l ,  

l o u r  on more a b s o l u te  a l c o h o l ,  wipe th e  s l i d e  a g a in  and immerse 

i t  i n  x y l o l .

9) Mount i n  Canada ba lsam .

M uch 's g r a n u l e s -.- (23)

I t  o f t e n  happens t h a t  o r d in a r y  m ic ro sc o p ic  e x am in a t io n  

o f  a  sm ear p r e p a r a t i o n  o f  c h ro n ic  t u b e r c u l o s i s  l e s i o n s  s t a in e d  

by Z ie h l -N e e ls e n  method f a i l s  to  r e v e a l  a c i d - f a s t  o rg an ism s , 

a l th o u g h  t h a t  m a t e r i a l  i s  i n f e c t i v e ,  a s  shown by i t s  a b i l i t y  

to  p ro d u ce  t u b e r c u l o s i s  i n  g u in e a  p i g s .  By em ploying a  m o d if i ­

c a t i o n  o f  Gram 's m ethod, Much (1908) d e s c r ib e d  (1 )  ro d -sh a p ed  

g r a n u l a r  o rg a n ism s ,  (2 )  i s o l a t e d  g r a n u l e s ,  which he b e l ie v e d  

r e p r e s e n te d  a  v i r u l e n t  n o n - a c i d - f a s t  form o f  t u b e r c l e  b a c i l l i .  

F u r t h e r  i n v e s t i g a t i o n  h a s  f a i l e d  to  c o n firm  M uch 's  f i n d i n g s .  

Among o t h e r s ,  B i t t r o l f  and Momose (24) were u n a b le  to  demon­

s t r a t e  by M uch 's method any o t h e r  form  th a n  t h a t  s t a in e d  by 

th e  Z ie h l - N e e ls e n  m ethod. A. S. G r i f f i t h ' s  e x p e r ie n c e  h a s  been 

t h a t  a c i d - f a s t  b a c i l l i  can g e n e r a l l y  be found  i f  t h e  s e a rc h  i s  

s u f f i c i e n t l y  p ro lo n g e d ,  i n  t u b e r c u lo u s  t i s s u e s  which a c c o rd in g  

to  Much o u gh t n o t  to  c o n ta in  them. A lso ,  d i r e c t  c u l t u r e s  from 

such  m a t e r i a l  a lw ay s  y i e l d  c o lo n i e s  p r o p o r t i o n a t e  i n  number to  

th e  s c a n ty  a c i d - f a s t  e le m e n ts  seen  m ic r o s c o p ic a l ly .

C u l t i v a t i o n : -

The t u b e r c l e  b a c i l l u s  i s  a e r o b ic  and grows a t  tem p era ­

t u r e s  r a n g in g  from  29° to  4 2 ° C . , th e  op tium  b e in g  37° to  38°

f o r  m am alian b a c i l l i  and 4 0 ° C f o r  a v ia n :  i t  r e q u i r e s  f o r  i n i t i a l
A

c u l t u r e s  from  tu b e rc u lo u s  t i s s u e  s o l i d  media c o n ta in in g
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a lb um in ous  s u b s ta n c e s  o r  g l y c e r i n .  The media shou ld  have a 

n e u t r a l  r e a c t i o n  (optimum pH7.0 to  7 -6 )  and a  d ry  s u r f a c e ;  a 

s o f t  m o is t  s u r f a c e  i s  u n fa v o u ra b le ,  b u t  a  l i t t l e  m o is tu re  o f  

c o n d e n s a t io n  a t  th e  f o o t  o f  th e  tu b e s  i s  a d v an tag e o u s .  Growth 

i s  slow  and c o lo n i e s  a r e  u s u a l ly  n o t  v i s i b l e  to  th e  naked eye 

u n t i l  t h e  e ig h th  o r  t e n t h  day and som etim es l a t e r .  The medium 

m ust, t h e r e f o r e ,  be  p re v e n te d  from  d r y in g .  The p re s e n c e  o f  

g l y c e r i n  f a v o u r s  th e  g row th  o f  human, a v ia n  and some b ov in e  

s t r a i n s ,  b u t  i s  n o t  e s s e n t i a l .

Pow ers o f  r e s i s t a n c e ;

The t u b e r c l e  b a c i l l u s  grows b e s t  a t  t h e  te m p e ra tu re  o f  

t h e  human body , 37° t o  38°C, b u t  g row th  i s  n o t  a b o l i s h e d  a t  

29° to  42°G. Prom a  p r a c t i c a l  s t a n d p o in t  i t  i s  im p o r ta n t  to  

m en tion  t h a t  th e y  a r e  n o t  k i l l e d  when exposed  to  m o is t  h e a t  

o f  50°C. f o r  l e s s  th a n  tw e lv e  h o u r s ,  b u t  h e a t in g  to  55°C f o r  

f o u r  to  s i x  h o u r s  do es  d e s t r o y  them . They a r e  a l s o  k i l l e d  

when exposed t o  m o is t  h e a t  o f  60°C f o r  a  h a l f - h o u r ,  and in  

f i f t e e n  m in u te s  a t  7 0 ° C . ; i n  f i v e  m in u te s  a t  80° to  90 °C ., 

and i n  one m in u te  a t  95°C. 'With sputum, c o n d i t i o n s  a re  d i f f e r e n t :  

t h e  mucus p r o t e c t s  th e  b a c i l l i  and i t  r e q u i r e s  more t im e  to  

d e s t r o y  them  w i th  h e a t .  F iv e  m in u te s  b o i l i n g  i s  s u f f i c i e n t  

t o  k i l l  t h e  b a c i l l i  u n d e r  a l l  c i r c u m s ta n c e s .  •

Dry h e a t  i s  l e s s  p o t e n t  i n  d e s t r o y in g  t u b e r c l e  b a c i l l i ;  

c i r c u l a t i n g  s team  r e q u i r e s  a  h a l f - h o u r  f o r  t h i s  p u rp o se ,  w h i le  

b a c i l l i  i n  d r i e d  sputum can  w i th s ta n d  a  te m p e ra tu re  o f  100°C 

f o r  a n  h o u r .  On t h e  o t h e r  hand , c o ld  does n o t  d e s t r o y  t h e i r  

v i r u l e n c e ,  and  f r e e z i n g  w i th  su b seq u e n t  thaw ing  d o e s  n o t  harm 

them v e ry  much. C a lm ette  found t h a t  even l i q u i d  a i r  do es  n o t  

d e s t r o y  th e  v i a b i l i t y  o r  v i r u l e n c e  o f  t u b e r c l e  b a c i l l i .

As h a s  a l r e a d y  been  m en tioned , th e  l i j f o id  su b s ta n c e  

c o n ta in e d  i n  th e  t u b e r c l e  b a c i l l i  p r o t e c t  them from  th e  e f f e c t s
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o f  d e s i c c a t i o n  and from th e  b a c t e r i c i d a l  a c t i o n  o f  th e  norm al 

body c e l l s ,  a l th o u g h  f o r  g row th  and p r o l i f e r a t i o n  th e y  r e q u i r e  

m o is tu r e .  When d r i e d  and p u lv e r i s e d  by b e in g  c o n v e r te d  in to  

d u s t ,  a s  i s  o f t e n  th e  c a se  w i th  t u b e r c u lo u s  sputum e l im in a te d  

by p a t i e n t s ,  most o f  th e  b a c i l l i  d i e ,  b u t  some have been  found 

to  r e s i s t  d e s i c c a t i o n  a t  o r d in a r y  te m p e r a tu re s  f o r  months.

I t  h a s  b e e n  proved t h a t  l i g h t ,  e s p e c i a l l y  s u n l i g h t ,  

decom poses th e  f a t t y  s u b s ta n c e  in  th e  b a c i l l i  and t h u s  d e s t r o y s  

them c o m p le te ly .  When c u l t u r e s  a r e  exposed to  d i r e c t  s u n l i g h t  

f o r  a  c o u p le  o f  h o u r s ,  t h e  v i t a l i t y  a s  w e l l  a s  th e  v i r u le n c e  

o f  th e  t u b e r c l e  b a c i l l i  i s  d e s t r o y e d ;  i n  sputum, th e  b a c i l i i  

a r e  p r o t e c t e d  by th e  mucus, and i t  r e q u i r e s  a  lo n g e r  t im e  f o r  

t h e i r  d e s t r u c t i o n .  Some w r i t e r s  m a in ta in  t h a t  t h e i r  v i r u l e n c e  

i s  d e s t r o y e d  w i th  o n ly  p a r t i a l  l o s s  o f  v i t a l i t y .

C hem istry  and B io - c h e m is t r y :

T here  have  been  many c h e m ic a l  a n a ly s e s  o f  th e  composi­

t i o n  o f  t u b e r c l e  b a c i l l i  a s  w e l l  a s  th e  c h e m ic a l  chan ges  in  

th e  medium i n  w hich t h e  b a c i l l i  a r e  grown. S p e c i a l  e f f o r t s  have 

been  made to  a s c e r t a i n  th e  i d e n t i t y  o f  th e  l i p o i d s  composing th e  

c a p s u le  o f  th e  b a c i l l i  and to  e x p la in  t h e i r  a c i d - f a s t  p r o p e r ty .  

The more r e c e n t  a s p e c t s  o f  th e  problem  a r e  su rv eyed  i n  L o n g 's  

Harvey L e c tu r e  ( 2 5 ) .  He h a s  shown t h a t  i f  t u b e r c l e  b a c i l i i  a r e  

e x t r a c t e d  a s  c o m p le te ly  a s  p o s s i b l e  w i th  a l c o h o l  and p e tro le u m  

e t h e r  and a r e  th e n  t r e a t e d  w i th  .y HCL, a  su b seq u e n t  e x t r a c t i o n  

w i th  t h e  o r g a n ic  s o l v e n t s  removes a  f u r t h e r  q u a n t i t y  o f  l i p l n  

s u b s ta n c e s  and d e s t r o y s  th e  a c i d - f a s t n e s s  o f  th e  b a c i l l i  which 

had r e s i s t e d  t h e  p r im ary  e x t r a c t i o n .  Long c o n te n d s  t h a t  i t  i s  

th e  m anner o f  d i s t r i b u t i o n  o f  th e  l l p i n  s u b s ta n c e s  i n  t h e  b o d ie s  

o f  th e  b a c i l l i ,  r a t h e r  t h a n  i t s  i n h e r e n t  a c i d - f a s t  c h a r a c t e r  

w hich  c o n f e r s  th e  t y p i c a l  s t a i n i n g  p r o p e r t i e s  on th e  t u b e r c l e
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b a c i l l u s .

The r e s p i r a t o r y  m etabo lism  of th e  t u b e r c l e  b a c i l l u s  and 

e s p e c i a l l y  th e  i n f lu e n c e  o f  ch anges  i n  the  c u l t u r e  medium on 

th e  r e s p i r a t i o n  o f  th e  b a c i l l u s  have been  s tu d ie d  by L oebe l,

Shore  and R ic h a rd so n  ( 2 6 ) ;  o f  p a r t i c u l a r  i n t e r e s t  i s  t h e i r  

f i n d i n g  t h a t  g l y c e r o l ,  an im p o r ta n t  c o n s t i t u e n t  o f  media f o r  

g row ing t u b e r c l e  b a c i l l i ,  i n c r e a s e s  n o ta b ly  t h e i r  consum ption  

o f  oxygen.

The c o r r e l a t i o n  be tw een  i n d i v i d u a l  ch em ic a l  c o n s t i t u e n t s  

o f  th e  t u b e r c l e  b a c i l l u s  and i t s  a n t i g e n i c  p r o p e r t i e s  and th e  

i n j u r y  done to  th e  t i s s u e s  o f  th e  h o s t  h a s  shown s e v e r a l  

im p o r ta n t  f a c t s .  C h ie f ly  t h a t  t h e  p r o t e i n  f r a c t i o n  and th e  

l i p o i d  f r a c t i o n  p rod uce  d e g e n e r a t iv e  changes  i n  th e  h o s t .

L aid low  and Dudley (27) have o b ta in e d  a  g ly co g en  f r a c t i o n  and 

a l s o  a  complex c a rb o h y d ra te  in  th e  n a tu r e  o f  a  gum. The l a t t e r  

g iv e s  s p e c i f i c  p r e c i p i t a t i o n  w i th  an  immune serum.

"T heobald  Sm ith  r e a c t i o n  c u rv e 11:

I n  1903 a  b io c h e m ic a l  t e s t  f o r  d i s t i n g u i s h i n g  human 

from  b o v in e  t u b e r c l e  b a c i l l i  was in t ro d u c e d  by Theobald  Sm ith .

He s t a t e d  t h a t  when t u b e r c l e  b a c i l l i  a r e  grown on th e  s u r f a c e  

o f  g l y c e r i n  b r o t h  w i th  an  i n i t i a l  a c i d i t y ,  w i th  pheno l,  p h t h a l e i n  

a s  i n d i c a t o r ,  t h e  su b seq u e n t  ch an g es  i n  th e  r e a c t i o n  o f  th e  b r o th  

d i f f e r  w i th  t h e  ty p e  o f  b a c i l l u s .  He found  t h a t  w i th  c u l t u r e s  

o f  b o v in e  t u b e r c l e  b a c i l l i  t h e  a c i d i t y  o f  th e  medium s t e a d i l y  

d im in is h e d  u n t i l  t h e  n e u t r a l  p o i n t  was reach ed  o r  even  p a s se d .  

W ith c u l t u r e s  o f  human t u b e r c l e  b a c i l l i  t h e r e  was f i r s t  a 

d im in u t io n  o f  a c i d i t y ,  n o t ,  how ever, so g r e a t  a s  w i th  bov ine  

b a c i l l i ,  and t h e n  a  r e v e r s a l  o f  t h e  r e a c t i o n ,  a l th o u g h  th e  f i n a l  

compared w i th  th e  i n i t i a l  r e a c t i o n  a lw ay s showed a  d im in ish e d  

a c i d i t y .  The t e s t  i s  l a b o r i o u s ,  and r e q u i r e s  a  lo n g  tim e f o r  

i t s  p e rfo rm an c e .
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S e r o lo g y :

I t  h a s  n o t  b een  found  p o s s ib l e  to  d i f f e r e n t i a t e  betw een 

human and b o v in e  b a c i l l i  by a g g l u t i n a t i o n  r e a c t i o n s .  A ccord ing  

to  t h e  r e s u l t s  o f  T u llo c h  ( 2 8 ) ,  G. S . W ilson (29) and A. S. 

G r i f f i t h ,  b o v in e  and human s t r a i n s  a r t  s e r o l o g i c a l l y  i d e n t i c a l ,  

s in c e  a l l  b o v in e  and human s t r a i n s  were a b le  to  ab so rb  th e  ag ­

g l u t i n i n  b o th  from  human and b o v in e  s e r a .  T y p ic a l  a v ia n  s t r a i n s  

p rodu ce  a  s p e c i f i c  a g g l u t i n i n  w i th  which human and bov ine  s t r a i n s  

do n o t  com bine. So, i t  i s  p o s s i b l e  t o  d i s t i n g u i s h  th e  common 

a v ia n  b a c i l l u s  from  mammalian b a c i l l i  by th e  a b s o r p t io n  o f  

a g g l u t i n i n  t e s t .

T ypes: ■

The R oyal Commission on T u b e r c u lo s is  s e t  up i n  t h i s  

c o u n try  r e c o g n is e d  t h r e e  ty p e s  o f  t u b e r c l e  b a c i l l i .  These a r e  

th e  human, th e  b o v in e  and th e  a v ia n .

Human; The human v a r i e t y  grows q u ic k ly  and l u x u r i a n t l y  on 

c u l t u r e  m ed ia ; th e  a d d i t i o n  o f  g l y c e r i n  enhan ces  th e  grow th .

On g l y c e r i n  b o u i l l o n  g row th  i s  seen  d u r in g  th e  f i r s t  week and 

w i t h in  t h r e e  weeks t h e r e  i s  a  w r in k le d  o r  v e r ru c o s e  grow th  on 

th e  s u r f a c e  o f  th e  m edia . M o rp h o lo g ic a l ly ,  t h e  human b a c i l l i ,  

when grown on serum c u l t u r e s ,  a p p e a r s  a s  lo n g ,  s t r a i g h t  o r  curved  

ro d s .

The v i r u l e n c e  o f  human b a c i l l i  i s  low i n  v a r i o u s  a n im a ls .  

G u in e a -p ig s  a r e  ve ry  s u s c e p t i b l e  and may be  i n f e c t e d  i n  v a r io u s  

ways, even  by ru b b in g  th e  b a c i l l i  i n t o  th e  shaved s k in  o f  th e  

abdomen. R a b b i t s  a r e  l e s s  s u s c e p t i b l e .  C a t t l e  a r e  i n f e c t e d  

when l a r g e  d o se s  a r e  i n j e c t e d  i n t r a v e n o u s ly .  B u t w i th  su b o u ta n e -  

o u s  i n f e c t i o n  t h e r e  i s  p ro duced  o n ly  an  i n f i l t r a t i o n  a t  th e  p o in t  

i n o c u l a t e d ,  w hich soon s u p p u r a te s  and h e a l s .  The r e g i o n a l  lymph 

g l a n d s  s w e l l  up and a t  t im e s  become c a l c i f i e d .  F e e d in g  c a lv e s  

w i th  human b a c i l l i  n e v e r  p ro d u c e s  any  p r o g r e s s i v e  d i s e a s e .  P ig s
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dogs, c a t s  and sheep a re  n o t  a f f e c t e d  by human b a c i l l i ,  w h ile  

monkeys a r e  ve ry  s u s c e p t i b l e .  Some s p e c i e s  o f  b i r d s  a r e  a l s o  

s u s c e p t i b l e .

B o v ine :  Bovine b a c i l l i  a r e  d i f f i c u l t  to  c u l t i v a t e  and th e

a d d i t i o n  o f  g l y c e r i n  i n h i b i t s  t h e i r  g row th . On g l y c e r i n  

b o u i l l o n  g ro w th  i s  slow . A t h i n  p e l l i c l e  sp re a d s  o v e r  th e  

s u r f a c e  o f  th e  c u l t u r e  m edia  w i t h in  f o u r  to  e i g h t  weeks and 

r a r e l y  fo rm s v e r ru c o s e  t h ic k e n i n g .  Morpholo&i c a l l y , th e y  a r e  

s h o r t e r ,  t h i c k e r  and more ev en ly  s t a in e d  th a n  th e  human ty p e ,  

b u t  th e  v a r i o u s  i n te r m e d ia t e  fo rm s  makes i t  im p o s s ib le  to  

d i f f e r e n t i a t e  human from b o v ine  b a c i l l i  on m o rp h o lo g ic a l  

c h a r a c t e r s .  The b o v in e  b a c i l l i  a re  more v i r u l e n t  f o r  r a b b i t s ,  

c a l v e s  and swine th a n  th e  human. Guinea p i g s  a r e  k i l l e d  o r  

become a c u t e l y  and p r o g r e s s i v e l y  s i c k  when i n f e c t e d  w i th  sm a ll  

d o s e s  o f  b o v in e  b a c i l l i .  The b o v in e  ty p e  c a u s e s  f a t a l  g e n e r a l i ­

sed m i l i a r y  t u b e r c u l o s i s  i n  t h e  r a b b i t ,  w h ereas  th e  human ty p e  

i n  th e  same amount n e v e r  c a u s e s  g e n e r a l i s e d  m i l i a r y  t u b e r c u l o s i s .  

C a t t l e  a r e  v e ry  s u s c e p t i b l e  to  th e  b o v in e  b a c i l l i  and a f t e r  i n t r a ­

venous i n o c u l a t i o n  p e r i s h  from  g e n e r a l i s e d  t u b e r c u l o s i s  w i th in  

t h r e e  o r  f o u r  weeks. I n t r a p e r i t o n e a l ,  i n t r a o c u l a r  and i n t r a -  

mammary i n o c u l a t i o n  a l s o  caused  g e n e r a l i s e d  and f a t a l  t u b e r ­

c u l o s i s .  F e e d in g  c a t t l e  w i th  even  sm all  d o s e s  o f  p u re  c u l t u r e  

o f  b o v in e  b a c i l l i  c a u s e s  t u b e r c u lo u s  d i s e a s e  o f  th e  i n t e s t i n e s ,  

fo l lo w e d  by t u b e r c u lo u s  ly m p h a n g i t i s  and ly m p h a d e n i t i s  o f  th e  

m e s e n te ry ;  th e  d i s e a s e  s p r e a d s  to  o t h e r  lymph g la n d s ,  s e ro u s  

membranes and lu n g s .  I n h a l a t i o n  p ro d u c e s  c a se o u s  pneumonia.

P i g s ,  sh e ep ,  g o a t s ,  c a t s  and monkeys a r e  v e ry  s u s c e p t i b l e ;  dogs, 

r a t s  and m ice a r e  n o t  a f f e c t e d  by th e  b o v in e  b a c i l l u s .  Some 

s p e c i e s  o f  b i r d s  a r e  s u s c e p t i b l e  b u t  th e  d o m es tic  fo w l shows 

com ple te  r e s i s t a n c e .
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A vian : On g l y c e r i n  a g a r  and on serum t h e i r  grow th  i s  more

l u x u r i a n t ,  a p p e a r s  more m o is t  t h a n  i n  mammalian b a c i l l i  and th ey  

p rodu ce  an  o range  p ig m en t.  They grow a t  a  t e m p e ra tu re  o f  4 l°C . 

w hich s t o p s  th e  g row th  o f  mammalian t u b e r c l e  b a c i l l i .  R a b b i t s  

r a t s  and mice a r e  th e  o n ly  mammals s u s c e p t i b l e  to  i n o c u l a t i o n  

w i th  a v ia n  t u b e r c l e  b a c i l l i .  Fowls a r e  v e ry  s u s c e p t ib l e  when 

f e d  w i th  p o r t i o n s  o f  o rg a n s  c o n ta in in g  a v ia n  b a c i l l i ,  b u t  th ey  

may consume l a r g e  q u a n t i t i e s  o f  p h t h i s i c a l  sputum w ith o u t  becom­

in g  t u b e r c u lo u s .  The p a r r o t ,  how ever, i s  s u s c e p t i b l e  to  b o th  

human and b o v in e  b a c i l l i ,  a s  w e l l  a s  to  a v ia n .  T u b e r c u lo s i s  can  

c au se  s e v e re  e p id e m ic s  among d o m es tic  fo w ls .

There  have b e en  r e p o r t e d  s e v e r a l  c a s e s  o f  a v ia n  t u b e r ­

c u l o s i s  i n  humans and L ow ens te in  s u g g e s t s  t h a t  i t  may be  a c q u i r e d  

by i n g e s t i o n  o f  eggs from  t u b e r c u lo u s  h e n s  w hich have b e en  found 

to  c o n t a i n  t u b e r c l e  b a c i l l i .  The c a s e s  o b se rv ed  i n  man ru n  a 

c o u rs e  n o t  u n l ik e  a  s e p t ic a e m ia  w i th  h ig h  c o n t in u o u s  f e v e r .  The 

lu n g s  may a p p e a r  f r e e  from  ch an g es  b u t  t h e  s p le e n  i s  e n la rg e d .

The bone marrow and th e  k id n e y s  a r e  th e  o rg a n s  c h i e f l y  a f f e c t e d .  

E rythisam ia and leukaem ia  may o c c u r  i n  p a t i e n t s  w i th  a v ia n  t u b e r ­

c u l o s i s .

T u b e rc le  b a c i l l i  o f  c o ld -b lo o d e d  a n im a ls :  C e r t a in  d i s e a s e s

o b se rv ed  i n  worms, l i z a r d s ,  f r o g s ,  t u r t l e s ,  snakes  and f i s h  a r e  

s i m i l a r  t o  human t u b e r c u l o s i s  and i n  many c a s e s  a c i d - f a s t  b a c i l l i  

have b e en  i s o l a t e d .  V a r io u s  w ork e rs  conc lu de  t h a t  t h e s e  a c i d - f a s t  

b a c i l l i  a r e  n o t  c o n n ec te d  w i th  t u b e r c l e  b a c i l l i ,  b u t  th e y  a r e  

s a p ro p h y te s  w hich may be  found  i n  h e a l th y  a n im a ls  and in  th e  s o i l .  

O th e r s ,  however, c o n s id e r  them a s  t r u e  p a th o g e n ic  b a c i l l i  o f  c o ld ­

b lo o d ed  a n im a ls ,  o r  such a s  have  become a t t e n u a t e d  i n  t h e i r  

v i r u l e n c e  by lo n g  r e s i d e n c e  i n  and a d a p t a t i o n  to  g row th  a t  a 

lo w er  t e m p e r a tu re .
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E f f e c t s  p roduced i n  th e  human body ; (30)

"When a  few t u b e r c l e  b a c i l l i  g a in  a  f o o th o ld  i n  a  t i s s u e ,  

a  fo c u s  o f  r e a c t i o n  o c c u r s ,  r e s u l t i n g  in  th e  f o r m a t io n  o f what 

i s  known a s  a  " t u b e r c l e  f o l l i c l e . "  At a  ve ry  e a r l y  s t a g e  th e  

c e n t r e  o f  t h e  fo c u s  c o n s i s t s  o f  a  c o l l e c t i o n  o f  sw o lle n  c e l l s ,  

o f t e n  c a l l e d  " e p i t h e l i o i d "  o r  " e n d o t h e l i o i d " , w h i l s t  a round them 

t h e r e  i s  a  zone o f  round c e l l s ,  c h i e f l y  lym phocy tes . The endo­

t h e l i o i d  c e l l s  a r e  u s u a l l y  o v a l ,  s p in d le - s h a p e d ,  o r  i r r e g u l a r  

i n  form , have  f a i r l y  ab u n d an t p ro to p la sm  and a  f a i n t l y  s t a i n i n g  

n u c le u s .  Very soon t h e r e  i s  e v id e n ce  o f  th e  a c t i o n  o f  th e  b a c i l l i  

i n  p ro d u c in g  damage to  th e  c e l l s .  The c e n t r a l  c e l l s  become 

sw o lle n  and l o s e  t h e i r  o u t l i n e ,  t h e i r  n u c l e i  c e a se  to  s t a i n ,  

and  u l t i m a t e l y  th e y  become f u s e d  i n to  a  homogeneous, o r  s l i g h t l y  

g r a n u l a r ,  s t r u c t u r e l e s s  m a t e r i a l .  T h is  i s  an  example o f  W e ig e r t 's  

c o a g u l a t i v e  n e c r o s i s  and som etim es a  c e r t a i n  amount o f  f i b r i n o u s  

e x u d a te  i s  added to  th e  n e c r o t i c  m a t e r i a l ;  th e  u l t i m a t e  r e s u l t  

i s  a  n e c r o t i c  c e n t r e  su rrounded  by e n d o th e l i o i d  c e l l s  and th e s e  

a g a in  by sm a ll  round c e l l s .  A n o th e r  common c o n s t i t u e n t  o f  th e  

t u b e r c l e  f o l l i c l e  i s  th e  g i a n t - c e l l ,  w hich o c c u r s  amongst th e  

e n d o th e l i o i d  c e l l s .  I t  i s  a  l a r g e  c e l l  w i th  somewhat i r r e g u l a r  

o u t l i n e ,  and c o n ta in s  numerous o v a l  o r  rounded  c e l l s  r e se m b lin g  

th o s e  o f  th e  e n d o th e l io id  c e l l s .  The n u c l e i  a r e  o f t e n  a r ra n g e d  

a t  th e  p e r i p h e r y ,  w h i l s t  t h e  c e n t r e  p a r t  o f  t h e  c e l l  may show 

s i g n s  o f  d e g e n e r a t io n ,  b e in g  g r a n u l a r  o r  h y a l in e  i n  a p p e a ra n c e .

The t y p i c a l  f o l l i c l e  i s  som etim es d e s c r ib e d  a s  c o n ta in in g  a 

c e n t r a l  g i a n t - c e l l  su rro u n d ed  by a  zone o f  round c e l l s .

T u b e rc le  n o d u le s  a r e  n o n - v a s c u l a r  i n  t h e i r  su b s ta n c e ,  

th ough  c o n s i d e r a b le  v a s c u l a r i t y  may be p r e s e n t  a t  t h e i r  m arg in , 

e s p e c i a l l y  th o s e  o f  c h ro n ic  n a t u r e ;  and f o rm e r ly  i t  was b e l i e v e d  

by some t h a t  th e  c e n t r a l  n e c r o s i s  was due t o  a  want o f  b lood  

su p p ly .  He know now, how ever, t h a t  i t  i s  th e  r e s u l t  o f  th e
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d i r e c t  a c t i o n  o f  th e  t u b e r c l e  t o x i n s  on th e  c e l l s  and t h a t  th e  

t o x i c  a c t i o n  p ro d u ce s  a l s o  th e  n o n - v a s c u l a r i t y ,  a s  i t  l e a d s  to  

n e c r o s i s  o f  th e  c a p i l l a r y  w a l l s  and th ro m b o s is .

While th e  i n i t i a l  r e a c t i o n  conform s g e n e r a l l y  to  th e  

d e s c r i p t i o n  g iv e n  above, th e  u l t i m a t e  r e s u l t s  vary  g r e a t l y  

and  t h u s  t u b e r c u lo u s  l e s i o n s  come to  p r e s e n t  ve ry  d i f f e r e n t  

c h a r a c t e r s .  The fo l lo w in g  exam ples show t h i s .

( a )  A cu te  M i l ia r y  T u b e rc u lo s is :  Sometimes t h e r e  o c c u r s  an 

e r u p t i o n  o f  sm a ll  t u b e r c l e  n o d u le s  th ro u g h o u t  th e  o rg a n s  -  an 

a c u te  m i l i a r y  t u b e r c u l o s i s .  These n o d u le s  may be n e a r ly  a l l  

o f  th e  same c h a r a c t e r  and t h e r e f o r e  o f  th e  same ag e , and th u s  

a r e  due to  an  e x te n s iv e  d i s s e m in a t io n  o f  b a c i l l i  ab o u t  th e  same 

t im e .  One would be i n c l i n e d  to  r e g a rd  such an  o c c u r re n c e  a s  

u n l i k e l y  i n  v iew  o f  th e  n o n - v a s c u la r  n a tu r e  o f  th e  t u b e r c l e  

n o d u le s .  B u t a  t u b e r c u lo u s  fo c u s  may i m p l i c a t e ,  o r  a c t u a l l y  

form  in ,  th e  w a l l  o f  a  v e s s e l ,  u s u a l l y  a  v e in ,  and th e n  u l c e r a t e  

i n to  i t ,  l e a d in g  to  a  d i s c h a r g e  o f  b a c i l l i  i n t o  th e  c i r c u l a t i o n .  

F o r  exam ple, one may som etim es f i n d  a  c a se o u s  b r o n c h i a l  g lan d  

which h a s  t h u s  e a te n  i n t o  a  pulmonary v e s s e l .  I n  some c a se s  

t u b e r c l e  s p r e a d s  from  th e  ab dom inal ly m p h a t ic  g la n d s  to  th e  

t h o r a c i c  d u c t ;  t u b e r c l e s  fo rm  i n  i t s  w a l l ,  and th e n  undergo 

s o f t e n in g  and u l c e r a t i o n .  From such l e s i o n s  b a c i l l i  may be 

c a r r i e d  up th e  d u c t  and th u s  r e a c h  th e  v e in s .  The fo rm e r  i s ,  

how ever, t h e  commoner method by which m i l i a r y  t u b e r c u l o s i s  i s  

s e t  up, th ough  th e  s i t e  o f  th e  v a s c u l a r  l e s i o n  i s  o f t e n  d i f f i ­

c u l t  to  f i n d .

(b) Caseous L esion s: F requ en tly  th e  n e c r o t ic  a c t io n  o f  the

b a c i l l i  i s  most in  ev id en ce  and th u s la r g e  a r ea s  o f  c a se a t io n  

r e s u l t ,  th e se  b e in g  surrounded by a c o n n e c tiv e  t i s s u e  in  which 

g i a n t - c e l l  system s are u su a lly  to  be found. L arge  ca seo u s m asses 

are s p e c ia l ly  common in  lym phatic g la n d s , and o f te n  occu r in  the
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k id n e y s ,  ep id idym us, s u p r a r e n a l s ,  e t c .  The c a se o u s  m a t e r i a l  

may have a  f i rm  c o n s i s t e n c e ,  a s  i n  th e  t u b e r c u lo u s  m asses in  

th e  b r a i n ,  th ough  f r e q u e n t ly  i t  i s  pu lpy  o r  s e m i - f l u id .  In  the  

c a se  o f c h ro n ic  t u b e r c l e  o f  b o nes , n o ta b ly  th e  v e r t e b r a e ,  th e  

c a s e o u s  m a t e r i a l  h a s  a  ten dency  to  become s o f te n e d ;  i t  a t t r a c t s  

c h e m o ta c t i c a l ly  po ly m o rp h o n u c lea r  l e u c o c y te s ,  and becomes a 

c a s e o u s  p u s .  T h is  i n c r e a s e s  i n  amount and bu rrow s a lo n g  m usc les ,  

a s  o c c u r s  i n  lum bar and p s o a s  a b s c e s s e s ;  owing to  th e  absence  

o f  th e  s i g n s  o f  a c u te  in f la m m a tio n  th e s e  a r e  known a s  " c o ld  

a b s c e s s e s " .

( c )  T u b e rc u lo u s  g r a n u l a t i o n  t i s s u e :  A ga in , t u b e r c l e  may le a d  

to  th e  f o r m a t io n  o f  ab u n d an t g r a n u l a t i o n  t i s s u e .  T h is  i s  a  n o t e ­

worthy f e a t u r e  o f  t u b e r c u l o s i s  o f  th e  j o i n t s ,  where th e  s y n o v ia l  

membrane becom es c o v e red  w i th  a  l a y e r  o f  p i n k i s h  and somewhat 

g e l a t i n o u s  g r a n u l a t i o n  t i s s u e .  H ere  a g a in  th e  t u b e r c l e s  become 

o b sc u red  by th e  newly formed t i s s u e ,  b u t  g i a n t - c e l l  sys tem s a re  

to  be found i n  i t  on m ic ro s c o p ic  e x am in a t io n .

(d )  F i b r o t i c  L e s io n s :  The g row th  o f  t u b e r c l e s  may be slow 

and l o c a l i s e d ,  and much f i b r o u s  m a t e r i a l  may fo rm  around  them, 

f i b r o i d  t u b e r c l e s  th u s  r e s u l t i n g .  In  th e  lu n g s ,  i n  c o n n e c t io n  

w i th  t h e s e ,  t h e r e  i s  o f t e n  a  c o n s id e r a b le  sp re a d  o f  f i b r o u s  

t i s s u e  i n t o  t h e  p a r t s  beyond, a p p a r e n t ly  due t o  th e  d i f f u s i o n  

o f  t o x i c  p r o d u c t s  a lo n g  th e  ly m p h a t ic s .  The le s io n  th u s  comes

to  be one o f  c h ro n ic  i n t e r s t i t i a l  pneumonia, and i t s  r e a l  n a tu r e  

may n o t  b e  a p p a r e n t  on naked eye e x a m in a t io n ;  i t  i s  a  p rom inen t 

f e a t u r e  i n  c h ro n ic  f i b r o i d  p h t h i s i s .

( e )  More a c u te  In f lam m ato ry  Changes: T u b e rc le s ,  when abu ndan t,

may g iv e  r i s e  to  f i b r i n o u s  e x u d a t io n .  T h is  i s  w e l l  i l l u s t r a t e d

i n  th e  c a se  o f  t u b e r c u lo u s  m e n i n g i t i s ,  where t h e r e  i s  a  grow th  

o f  t u b e r c l e s  a lo n g  th e  l i n e s  o f  th e  a r t e r i a l  b ra n c h e s ,  w hich i s  

fo l lo w e d  by e x u d a t io n  i n t o  th e  subarachflD id meshwork a ro u n d .  In
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such c a s e s ,  p o ly m orpho nuc lea r  l e u c o c y te s ,  many o f  them d e g e n e ra te d ,  

may be found  in  th e  c e r e b r o - s p i n a l  f l u i d  o b ta in e d  by lumbar 

p u n c tu r e .  T u b e r c u lo s i s  o f  s e ro u s  c a v i t i e s  a l s o  i s  o f t e n  a t t e n d e d  

by f i b r i n o u s  and s e ro u s  e x u d a te s ,  and in  th e  c a se  o f  t h e  p e r i ­

card ium  th e  ex u d a te  may be haem o rrh ag ic  i n  ty p e .

The d i v e r s i t y  o f  t u b e r c u lo u s  l e s i o n s  may be p a r t l y  ex­

p l a i n e d  by v a ry in g  d e g re e s  o f  r e s i s t a n c e  o r  r e l a t i v e  immunity 

o f  th e  t i s s u e s ,  ana i t  may be s a id  i n  a  g e n e r a l  way t h a t  th e  

fo rm a t io n  o f  t u b e r c l e s  and c o n n e c t iv e  t i s s u e  p r o l i f e r a t i o n  i n d i c a t e  

a  r e l a t i v e  imm unity, w h i l s t  d i f f u s e  c a s e a t i o n  and e x u d a t iv e  

p r o c e s s e s  o c c u r  i n  th e  co n v e rse  c o n d i t i o n .  A com parison  o f  th e  

pulm onary  t u b e r c u lo u s  l e s i o n s  i n  th e  young c h i l d  and in  t h e  a d u l t  

shows t h a t  th e  l a t t e r  h a s  a c q u i r e d  a  c e r t a i n  d e g re e  o f  immunity.

The r e l a t i v e  immunity o f  th e  a d u l t  i s  g e n e r a l l y  a s c r i b e d  to  

i n f e c t i o n  i n  t h e  e a r l y  y e a r s  o f  l i f e  and some w r i t e r s  have even 

a t t e m p te d  to  d i s t i n g u i s h  s t a g e s  o f  t u b e r c u l o s i s  c o r re s p o n d in g  

w i th  th o s e  o f  s y p h i l i s .  One may say t h a t  t u b e r c u l o s i s  i n  th e  

e a r l i e s t  y e a r s  o f  l i f e  i s  u s u a l ly  a  d i f f u s e  and r a p i d l y  f a t a l  

d i s e a s e ,  t h a t  t h e r e  f o l lo w s  a  p e r io d  up t o  p u b e r ty  when c a s e a t i n g  

g l a n d u l a r  t u b e r c u l o s i s  becomes common and t h a t  t h i s  i s  accom­

p a n ie d  by m e t a s t a t i c  t u b e r c l e  i n  b o n e s ,  j o i n t s  and i n t e r n a l  

o rg a n s ;  w h i l s t  i n  t h e  a d u l t  t h e  o u t s t a n d i n g  Its ion  ( a p a r t  from 

th e  s e q u e la e  o f  th e  p r e v io u s )  i s  pulmonary p h t h i s i s ,  w hich i s  

o f t e n  o f  a  c h ro n ic  n a tu r e  and o f t e n  u n d e rg o e s  h e a l in g .  M i l ia ry  

t u b e r c u l o s i s ,  r e s u l t i n g  u s u a l l y  from  i n t i m a l  t u b e r c l e  o f  v e in s ,  

i s  i n  a  s e n se  an  a c c i d e n t a l  phenomenon w hich may o c c u r  a t  any 

p e r i o d ,  th ough  i t  i s  commonest i n  th e  e a r l y  y e a r s  o f  l i f e . "

I t  h a s  b e en  shown t h a t  when t u b e r c l e  b a c i l l i  a r e  k i l l e d  

by h e a t  and i n j e c t e d  i n t o  a  s u s c e p t i b l e  a n im a l ,  t u b e r c u l a r  

n o d u le s  a r e  found to  d e v e lo p .  T h is  p ro v e s  t h a t  th e  dead b a c i l l i  

m ust have c o n ta in e d  t o x i n s .  These t o x i n s  can n o t  be s e c r e t e d  by
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th e  b a c i l l i  s in c e  th e y  have been  k i l l e d ,  b u t  a r e  p roduced  by 

th e  a c t u a l  c o n s t i t u e n t s  o f  th e  p ro to p la sm  o f  th e  b a c t e r i a .  I n  

o t h e r  words th e y  a r e  en d o to x in * .  The i n j e c t i o n  o f  dead b a c t e r i a  

o r  t h e i r  p ro d u c t s  a l s o  l e a d s  to  th e  developm ent o f  s p e c i f i c  

a n t i b o d i e s  which a r e  a s s o c i a t e d  w i th  th e  s t a t e  o f  immunity.

I t  was w i th  t h i s  aim t h a t  Koch in  1890 f i r s t  u sed  th e  p r o d u c ts  

o f  d i s i n t e g r a t e d  t u b e r c l e  b a c i l l i  u n de r  th e  name o f " tu b e r c u l in "  

o r  " H e i l m i t t e l " . He showed t h a t  i n  t u b e r c u lo u s  a n im a ls  t h e r e  

was a  s u p e r s e n s i t i v e n e s s  to  t u b e r c u l i n .  T h is  showed i t s e l f  

i n  a  " l o c a l "  r e a c t i o n  a t  th e  s i t e  o f  i n j e c t i o n ,  by a  " g e n e r a l "  

r e a c t i o n ,  and a l s o  by a  " f o c a l "  r e a c t i o n  around th e  tu b e r c u lo u s  

l e s i o n s .  Thus a  tu b e r c u lo u s  fo c u s  i n  th e  body co u ld  be re c o g ­

n i s e d .  Koch a l s o  used  h i s  t u b e r c u l i n  t h e r a p e u t i c a l l y  t h in k i n g  

t h a t  th e  f o c a l  r e a c t i o n  le d  to  e n c a p s u l a t i o n  o f  th e  t u b e r ­

c u lo u s  l e s i o n  and c u re .  B u t i t  was soon proved  by Virchow (31) 

t h a t  th e  " H e i l m i t t e l "  o f  Koch o f t e n  le d  to  d i s a s t r o u s  co n se ­

q u e n ce s  f o r  th e  p a t i e n t .  S in c e  th e n  much s m a l le r  d o se s  o f  

t u b e r c u l i n  have b e e n  u sed  t h e r a p e u t i c a l l y  and f a v o u ra b le  r e s u l t s  

have been  c la im ed  by C a lm e t te ,  Heimbeck (32) and o t h e r s .
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4 .  THE culture media described  seriatum

A f t e r  a  re v ie w  o f  th e  v a r io u s  ty p e s  o f  media recommended 

f o r  t h e  i s o l a t i o n  o f  th e  t u b e r c l e  b a c i l l u s  i t  was d e c id e d  to  

u se  th e  f o l lo w in g  s ix  m edia:

( a )  l e t r a g n a n i ' s  medium

(b )  L o w e n s te in 's  "

( c )  H e r r o l d ' s  "

(d )  C orper & u y e i ' s  "

( e )  P e t r o f f ’ s "

( f )  S w eany-E vanoff ' s  "

P e t r a g n a n i '  s  medium i s  a  r i c h  medium and g iv e s  e x c e l l e n t  

g ro w th s  o f  t u b e r c l e  b a c i l l i ;  c o n ta m in a t io n  i s  r a r e  on a cc o u n t  

o f  th e  m a la c h i te  g re e n  which i s  used  a s  an i n h i b i t o r y  a g e n t .

I t  was fo und  t h a t  when th e  amount o f  m a la c h i te  g re e n  was r e ­

duced c o n ta m in a t in g  o rg an ism s  f r e q u e n t l y  a p p e a re d .  I t  i s  c o s t l y  

to  make and i s  on ly  u s e f u l  f o r  th e  c u l t i v a t i o n  o f  th e  t u b e r c l e  

b a c i l l u s .

L o w e n s te in 's  medium i s  s i m i l a r  i n  c o m p o s it io n  to  P e t r a g n a n i '  

medium b u t  b e in g  l e s s  r i c h  i t  g iv e s  a  p o o r e r  g row th . A ga in , i t  

i s  o n ly  u s e f u l  f o r  th e  c u l t i v a t i o n  o f  th e  t u b e r c l e  b a c i l l u s  due 

to  t h e  i n h i b i t o r y  m a la c h i te  g re e n .

H e r r o l d ' s  egg y o lk  a g a r  medium a l s o  g iv e s  ve ry  good 

g ro w th s  o f  t u b e r c l e  b a c i l l i  and i s  cheap and easy  to  make.

H e rro ld  u s e s  h i s  medium f o r  th e  c u l t i v a t i o n  o f  s to c k  s t r a i n s  o f  

B r u c e l l a  o rg a n ism s ,  N e i s s e r i a n  s t r a i n s  and B. L e p r i  a s  w e l l  a s  

f o r  t u b e r c l e  b a c i l l i .  Care i s  r e q u i r e d  i n  p r e p a r a t i o n  to  p re v e n t  

c o n ta m in a t io n  owin^ to  t h e  l a c k  o f  any i n h i b i t i n g  dye.

The medium o f  C o rpe r-U ye i i s  a  good p o ta to  medium f o r  the  

c u l t i v a t i o n  o f  th e  t u b e r c l e  b a c i l l u s  b u t  r e q u i r e s  c a r e f u l
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p r e p a r a t i o n .  The p o t a t o e s  should  be f r e e  from s u r f a c e  d e f e c t s  

and th e  medium a u to c la v e d  a t  t h e  c o r r e c t  p r e s s u r e  and t im e , 

o th e r w is e  th e  medium becomes b ro k en  and c o l l a p s e s .  W ithout 

th e  i n h i b i t o r y  c r y s t a l  v i o l e t ,  c o n ta m in a t io n  i s  f r e q u e n t .

The media o f  I - e t r o f f  and Sw eany-Svanoff a r e  s i m i l a r  

i n  c o m p o s i t io n  and , when f r e e  from  c o n ta m in a t io n ,  g iv e  good 

g ro w th s  o f  t u b e r c l e  b a c i l l i .  S t e r i l e  ground v e a l  i s  too  c o s t l y  

f o r  p r a c t i c a l  u se  and w i th  f r e s h  v e a l  c o n ta m in a t io n  i s  f r e q u e n t .

a) P e t r a g n a n i ' s  Medium:

The c h i e f  components a r e  m ilk ,  p e p to n e ,  p o ta to  meal, 

raw p o t a t o ,  whole egg, egg y o lk ,  g l y c e r o l  and m a la c h i te  g re e n .

The p o ta to  m eal used  i s  th e  same a s  th e  p o ta to  f l o u r  i n  l£wen- 

s t e i n ' s  mediumj b o th  a r e  d e r iv e d  from powdered p o ta to  w hich has  

been  d r i e d  a t  a  low te m p e ra tu re .  These s u b s ta n c e s  a r e  o b ta in e d  

from  B r i t i s h  Drug Houses L td .

1 r e p a r a t i o n :  Mix t o g e t h e r  i n  a  b e a k e r  300 c . c .  o f  f r e s h  m ilk ,

2 g .  o f  p e p to n e ,  12 g . o f  p o t a to  m ea l, 2 f i n e l y  g r a t e d  p o t a t o e s ,  

e a c h  a b o u t  th e  s i z e  o f  a  h e n ' s  egg. P la c e  th e  b e a k e r  i n  a  w a te r  

b a th  a t  100° C . , s t i r r i n g  th e  m ix tu re  c o n s t a n t ly  f o r  t e n  m in u te s .  

A llow  th e  b e a k e r  to  rem a in  i n  th e  w a te r  b a th  f o r  one h o u r ,  remove 

and c o o l  th e  m ix tu re  to  60°C. how add 8  whole eggs , 2 egg y o l k s ,  

24 c . c .  o f  g l y c e r o l  and 20  c . c .  o f  a  2 p e r  c e n t  aqueous s o l u t i o n  

o f  m a la c h i te  g re e n .  S t i r  w e l l  to  en su re  th o ro u g h  m ix ing , f i l t e r  

th ro u g h  s t e r i l e  m u s l in  and tu b e .  S l a n t  and c o a g u la te  t h e  medium 

a t  90°C. f o r  one h o u r ;  s t e r i l i s e  by i n s p i s s a t i o n  a t  80°C. f o r

20  m in u te s  on two s u c c e s s iv e  d a y s .

b ) L o w e n s te in 's  Medium:

T h is  c o n s i s t s  o f  m in e r a l  s a l t s ,  whole egg, p o ta to  f l o u r ,  

a s p a r a g i n  and m a la c h i te  g re e n .  Low enstein  formed th e  o p in io n  

t h a t  p e p to n e  was n o t  conducive  to  th e  grow th  o f  t h e  t u b e r c l e  

b a c i l l u s  and r e p l a c e d  th e  p ep tone  by a s p a r a g in  a s  a  so u rc e  o f



n i t r o g e n .  A sp a ra g in  i s  th e  amide o f  a m in o -su c c in ic  a c i d  and 

h a s  t h e  fo l lo w in g  ch em ica l  fo rm u la  CHl'IH -  COOH
I 2
CH2 -  GOHHg

M a la c h i te  g re e n  i s  i n h i b i t o r y  t o  c o n ta m in a t in g  o rg a n ism s .  

L bw en s te in  a l s o  u sed  congo r e d  a s  an a l t e r n a t i v e  a n t i s e p t i c .  

P r e p a r a t i o n :  The fo l lo w in g  s o l u t i o n  i s  p r e p a r e d : -

To 120 cc o f  t h i s  s o l u t i o n  add 6  g .  o f  p o t a t o  f l o u r  and p u t  

i n  th e  Koch s t e r i l i s e r  f o r  two h o u rs  (sh a k in g  o c c a s i o n a l l y )  a t  

100°C. Cool t o  5 0 °C .,  add 4 whole eggs and 0 .06  g« o f  m a la c h i te  

g re e n  d i s s o l v e d  in  10 cce  o f  d i s t i l l e d  w a te r .  F i l t e r  th ro u g h  

s t e r i l e  m u s l in ,  b o t t l e  and s l a n t .  The medium i s  c o a g u la te d  a t  

90°C . f o r  one h o u r ,  and s t e r i l i s e d  by i n s p i s s a t l o n  a t  80°C . f o r  

20  m in u te s  on two s u c c e s s iv e  d a y s ,

c ) H e r ro ld ' . s  Medium:

T h is  medium c o n ta in s  n u t r i e n t  a g a r  w i t h  egg y o l k .

H e r ro ld  (1931 a  & b ;  W oolsey, 1931) found  t h a t  th e  t u b e r c l e  

b a c i l l u s  grew p r o f u s e l y  on egg y o lk  a g a r ,  s l i g h t l y  l e s s  on 

w hole  egg a g a r  and n o t  a t  a l l  on egg w h ite  a g a r .  T h is  seemed to  

show t h a t  egg w h i t e ,  a l th o u g h  n o t  b a c t e r i c i d a l ,  may be b a c t e r i o s '  

t a t i c .  From a  p r a c t i c a l  p o i n t  o f  v iew , i n  H e r r o l d ' s  medium, th e  

a d d i t i o n  o f  egg w h i te  c a u s e s  f l a k i n g  w i th  a  r e s u l t i n g  rough  s u r ­

f a c e  o f  th e  medium. C. I .  W oolsey found  th e  r e s u l t s  o f  c u l ­

t u r e s  o f  t u b e r c l e  b a c i l l i  on H e r r o l d ' s  medium and o f  i n o c u l a t i o n  

i n t o  g u in e a  p ig s  a g re e d  i n  93 p e r c e n t  o f  130 c a s e s ;  i n  5 o f  th e  

n in e  c a s e s  i n  w h ich  th e  r e s u l t s  d i s a g r e e d  th e  c u l t u r e s  on 

H e r r o l d ' s  medium w ere th e  more r e l i a b l e .

Monopotassium p h o sp h a te  

Magnesium s u lp h a te  

Magnesium c i t r a t e  

A sp arag in  

D i s t i l l e d  W ater

0 .6  g .  

0 .06  g .

0 ,1 5  g .  

0 .9  g .  

147 c c .
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A m o is t  a tm osphere  and a  te m p e ra tu re  34°C. to  36°C. a re  

e s s e n t i a l  f o r  th e  o p t im a l  grow th  o f  t u b e r c l e  b a c i l l i  on H e r r o ld 's  

medium.

P r e p a r a t i o n :  The f o l lo w in g  b r o t h  i s  p r e p a r e d : -

Lab. Lemco 3 g.

P ep tone  10 g.

Sodium C h lo r id e  5 g.

D ex tro se  0 .33  g.

D i s t i l l e d  w a te r  2 l i t r e s  

To t h i s  b r o t h  add 2$ a g a r  and p re p a re  a s  f o r  o r d in a ry  a g a r  w ith  

pH 7 . 5 .  To 150 c . c .  o f  t h i s  n u t r i e n t  a g a r ,  which i s  co o led  to  

55 -  6 0 °C .,  add one egg y o lk .  Shake w e l l  to  e n su re  th o roug h  

m ix in g , tu b e  and a l lo w  to  s e t  i n  a  s lo p in g  p o s i t i o n .  In c u b a te  

o v e r n ig h t  to  en su re  t h a t  th e  medium i s  s t e r i l e ,

d) Medium o f  C orper and U yel

C orper and U yei c a r r i e d  o u t  q u a n t i t a t i v e  s e e d in g  t e s t s  

w i th  t u b e r c l e  b a c i l l i  on th e  f o l lo w in g  media -  C a lm e t t e 's  p o ta to  

medium, D o r s e t ' s  egg medium, P e t r o f f ' s  g e n t i a n  v i o l e t  medium, 

g l y c e r o l  a g a r  and L o n g 's  n o n - p r o t e in  medium. They found  t h a t  

C a l m e t t e ' s  p o t a to  medium was s u p e r io r  to  th e  r e s t  i n  f a v o u r in g  

th e  g row th  o f  b a c i l l i  when p r e s e n t  i n  sm a ll  numbers.

A f t e r  f u r t h e r  e x p e r im e n ts  they  produced t h e i r  c r y s t a l  

v i o l e t  p o t a t o  medium. T h is  medium proved s u p e r io r  to  P e t r o f f ' s  

g e n t i a n  v i o l e t  egg medium and p o s s e s se d  an  a d v an tag e  o v e r  p l a i n  

p o ta to  medium i n  b e in g  l e s s  f a v o u ra b le  f o r  grow th  o f  c o n ta m in a t in g  

o rg a n is m s ,  w i th o u t  a f f e c t i n g  th e  grow th  o f  th e  t u b e r c l e  b a c i l l i .  

They u se d  c r y s t a l  v i o l e t  to  r e p l a c e  th e  p re -w a r  g e n t i a n  v i o l e t  

o f  u n c e r t a i n  c o m p o s it io n .  They a l s o  found t h a t  c r y s t a l  v i o l e t  

was a  s u i t a b l e  m a t e r i a l  f o r  i n c o r p o r a t i o n  in  egg m edia, a s  

recommended by P e t r o f f  to  i n h i b i t  th e  developm ent o f  c o n ta m in a to r s  

d u r in g  t h e  p r im a ry  i s o l a t i o n  o f  t u b e r c l e  b a c i l l i  from co n ta m in a te d
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s o u rc e s .  The c o n c e n t r a t i o n  o f  c r y s t a l  v i o l e t  r e q u i r e d  i s  abou t 

th e  same i n  egg media a s  t h a t  recommended f o r  g e n t i a n  v i o l e t .

I  rep a ra t io n * . F re sh ,  c le a n ,  l a r g e  p o t a t o e s ,  p r e f e r a b l y  w i th o u t  

s u r f a c e  d e f e c t s ,  a r e  c u t  i n to  c y l i n d e r s  o f  3 i n s .  o r  more in  

l e n g t h  w i th  a  c o rk  b o r e r  o f  5 / 8 t h  in ch .  The c y l i n d e r s  a r e  th e n  

c u t  l o n g i t u d i n a l l y  i n  h a lv e s .  These a r e  th e n  soaked in  1 p e r  

c e n t  sodium c a rb o n a te  s o l u t i o n ,  c o n ta in in g  c r y s t a l  v i o l e t  i n  a  

c o n c e n t r a t i o n  o f  0 .0 0 3  p e r  c e n t  ( 1  to  7 5 , 00 0 ) f o r  1 o r  2 h o u rs .

The dye s o l u t i o n  must be added to  th e  sodium c a rb o n a te  s o l u t i o n

im m ed ia te ly  b e fo r e  u s e ,  s in c e  p ro lo n g ed  s ta n d in g  c a u s e s  a de­

c o l o n i s a t i o n  o f  th e  c r y s t a l  v i o l e t .  A t th e  end o f  t h i s  tim e 

th e  p o ta to  c y l i n d e r s  a r e  g e n t ly  wiped w i th  a tow e l to  f r e e  them 

from  e x c e s s  l i q u i d .  They a r e  th e n  in t r o d u c e d  i n to  a  s t e r i l e  

c u l t u r e  tu b e  c o n ta in in g  1 .5  c . c .  o f  5 p e r  c e n t  g l y c e r o l  b o u i l l o n .  

The t u b e s  a r e  p lugged  w i th  c o t to n  wool and s t e r i l i s e d  i n  the  

a u to c la v e  f o r  30 m in u te s  a t  15 l b s .  p r e s s u r e .  I t  was found t h a t  

th e  medium must be a u to c la v e d  a t  c o r r e c t  p r e s s u r e  and t im e ;  i f  

t h e  p r e s s u r e  i s  r a i s e d  o r  h e a t in g  p ro lo n g e d ,  th e  n u t r i e n t  e f f e c t  

o f  th e  p o ta to  i s  l o s t  and no grow th  r e s u l t s ,

e) l e t r o f f ' s  Medium:

T h is  medium c o n ta in s  v e a l ,  g l y c e r o l  and whole egg, w i th  

g e n t i a n  v i o l e t  to  i n h i b i t  c o n ta m in a t io n .  P e t r o f f  compared a 

s e r i e s  o f  m edia c o n ta in in g  g e n t i a n  v i o l e t ,  m ethy l v i o l e t ,  m ethy lene  

b lu e ,  c r y s t a l  v i o l e t  and f u c h s i n  i n  d i l u t i o n s  v a ry in g  from  1 to

1 ,0 0 0  to  1 to  100 ,000 . He found  t h a t  t u b e r c l e  b a c i l l i  grew w e l l  

on egg-m eat j u i c e  media c o n ta in in g  a l l  o f  th e  above s t a i n s  even 

i n  a  d i l u t i o n  a s  low a s  1 to  5 ,0 0 0  w i th  th e  e x c e p t io n  o f  m ethy lene  

b lu e ,  w hich  gave n e g a t iv e  r e s u l t s  below a  d i l u t i o n  o f  1 t o  2 5 ,0 0 0 . 

I n  m edia  c o n ta in in g  t h i s  s t a i n  th e  t u b e r c l e  b a c i l l i  grew r a t h e r  

s lo w ly ,  and th e  i n d i v i d u a l  o rg an ism s  were im pregnated  w i th  th e



- 28 -

s t a i n .  From t h e s e  r e s u l t s  g e n t i a n  v i o l e t  was s e l e c t e d  a s  th e  

most f a v o u r a b l e  s t a i n .

P r e p a r a t i o n :

Two p a r t s  o f  egg ( w h i te  and y o l k ) .

One p a r t  o f  m e a t - j u i c e .

G e n t ia n  v i o l e t  s u f f i c i e n t  t o  th e  p r o p o r t i o n  o f  
1 to  1 0 , 0 0 0 .

Meat j u i c e : -  500 gm. o f  b e e f  o r  v e a l  a r e  i n f u s e d  i n  500 c . c .  o f  

a  15 p e r  c e n t  s o l u t i o n  o f  g l y c e r o l  i n  w a te r .  T w e n ty - fo u r  h o u rs  

l a t e r  t h e  m eat i s  squeezed  i n  a  s t e r i l e  m eat p r e s s  and  c o l l e c t e d  

i n  a  s t e r i l e  b e a k e r .

E g g s : -  S t e r i l i s e  th e  s h e l l s  o f  th e  eggs by im m ersion  f o r  t e n  

m in u te s  i n  70 p e r  c e n t  a l c o h o l  o r  by p o u r in g  h o t  w a te r  upon them. 

B re ak  th e  eg g s  i n to  a  s t e r i l e  b e a k e r  and a f t e r  m ix in g  th e  eggs  

w e l l ,  f i l t e r  th ro u g h  s t e r i l e  g a u z e .  Add one p a r t  by volume o f 

m eat j u i c e .

G e n t ia n  V i o l e t : -  Add s u f f i c i e n t  1 p e r  c e n t  a l c o h o l i c  g e n t i a n  

v i o l e t  t o  make a  d i l u t i o n  o f  1 to  1 0 , 0 0 0 .

Tube a b o u t  t h r e e  c u b ic  c e n t i m e t r e s  i n  e a c h  s t e r i l e  t e s t  

tu b e  and  i n s p i s s a t e  f o r  t h r e e  s u c c e s s iv e  d a y s :  on t h e  f i r s t  day

a t  8 5 ° C . , u n t i l  a l l  t h e  medium i s  s o l i d i f i e d ,  c h an g in g  th e  p l a c e s  

o f  th e  t u b e s  i f  n e c e s s a r y ;  on t h e  second  and t h i r d  d a y s  f o r  no t 

more t h a n  one h o u r  a t  75°C.

f ) Medium o f  Sweany and E v a n o f f :

T h is  medium i s  composed o f  v e a l ,  m i lk ,  g l y c e r o l  and egg. 

P r e p a r a t i o n :  A l l  a p p a r a t u s  and gauze  a r e  s t e r i l i s e d  on  th e

p r e v i o u s  d ay . C lean  f r e s h  eg g s  a r e  s t e r i l i s e d  in  a l c o h o l  a t  l e a s t  

30 m in u te s  b e f o r e  u s i n g .  I t  h a s  b e en  fo und  t h a t  f r e s h  m i lk  and 

cream , i n  q u a n t i t i e s  o f  5 c . c .  o r  l e s s ,  c an  be th o r o u g h ly  s t e r i ­

l i s e d  i n  l i v e  s team  by two s t e r i l i s a t i o n s  f o r  45 m in u te s  on two 

s u c c e s s iv e  d a y s ,  w i th o u t  c o a g u l a t i n g  t h e  p r o t e i n .
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(1 )  Soak one pound o f  v e a l  o v e r n ig h t  i n  an  e q u a l  amount o f 

s t e r i l i s e d  whole m ilk  w i t h  15 p e r  c e n t  g l y c e r o l  added .

(2 )  S t r a i n  th ro u g h  s t e r i l e  gauze  and add tw ic e  th e  amount o f  

w e l l - b e a t e n  eggs p r e p a r e d  a s  d e s c r i b e d  above .

(3 )  F i l t e r  th ro u g h  s t e r i l e  g au ze  and tu b e ,  h a v in g  th e  o p e r a t i o n  

s h i e ld e d  from  d u s t  a s  much a s  p o s s i b l e .

(4 )  I n s p i s s a t e  f o r  one h o u r  a t  85°C. im m ed ia te ly  and  one h o u r  

a t  75°C. on two s u c c e e d in g  d a y s .

(5 )  In c u b a te  t h r e e  d a y s  i n  i n c u b a t o r  and t h r e e  day s  a t  room 

te m p e r a tu r e .



C AUTHOR'S MEDIUM AMD TECHNIQUE2_m  _______________________________

The f o l lo w in g  egg y o lk  a g a r  medium i s  th e  r e s u l t  o f  an  

a t t e m p t  to  f i n d  a  r e l i a b l e  s im p le  medium f o r  th e  c u l t i v a t i o n  

o f  t h e  t u b e r c l e  b a c i l l u s  from  i n f e c t e d  t i s s u e s  e s p e c i a l l y  sputum, 

p r e p a r a t i o n :  The f o l lo w in g  b r o t h  i s  p re p a re d :

F r e s h  Horse F l e s h  ( f r e e  from  f a t  and m inced) 1 l b .

Tap W ater   800 c . c .

P u t  i n t o  a  two l i t r e  f l a s k  and mix w e l l  u s in g  a  g l a s s  ro d .

H eat th e  m ix tu r e  i n  t h e  s team  s t e r i l i s e r  u n t i l  a  t e m p e ra tu re  

o f  80°C. i s  r e a c h e d .  6 .4  g . a n h y d ro u s  sodium c a rb o n a te  d i s ­

s o lv e d  i n  800 c . c .  c o ld  t a p  w a te r  i s  a d d ed . A llow  to  c o o l  u n t i l  

t h e  t e m p e r a tu r e  f a l l s  to  45°C.

Add; Soaium C i t r a t e  3 g.

G lucose  2 g.

C h lo ro fo rm  18 c . c .

L iq u o r  T ry p s in  Co. 18 c . c .

The m ix tu re  i s  th e n  in c u b a te d  a t  37°C. f o r  s i x  h o u r s ,  th e  

l i q u i d  b e in g  f r e q u e n t l y  s t i r r e d .  A f t e r  d i g e s t i o n  i s  co m p le ted ,  

add 13 c . c .  o f  p u re  s t r o n g  h y d r o c h l o r i c  a c i d ,  s team  f o r  tw en ty  

m in u te s  and th e n  f i l t e r .  When th e  b r o t h  i s  c o o l  a d j u s t  th e  

r e a c t i o n  w i th  n o rm al s o l u t i o n  o f  c a u s t i c  soda  to  pH 7 . 6 .  The 

b r o t h  i s  t h e n  b o t t l e d  and s t e r i l i s e d  by s team  f o r  one h o u r .

To t h i s  b r o t h  add  2$ a g a r  and p r e p a r e  a s  f o r  o r d i n a r y  a g a r .  

To 300 c . c .  o f  t h i s  n u t r i e n t  a g a r  w hich i s  c o o le d  to  55 -  6 0 °C .,  

add two egg y o l k s .  Shake w e l l  to  e n s u re  th o ro u g h  m ix in g .  The 

medium i s  t h e n  p o u red  i n t o  s t e r i l e  sc rew  capped  b o t t l e s  a s  

recommended by McCartney (3 3 )  and a l lo w e d  to  s e t t l e  i n  a  s lo p in g  

p o s i t i o n .  In c u b a te  o v e r n i g h t  t o  e n s u re  t h a t  th e  medium i s  s t e r i l e .

To a v o id  c o n ta m in a t io n  from  th e  egg y o l k  th e  f o l l o w in g
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method recommended by C. 1. Woolsey (34 )  i s  c a r r i e d  o u t : -  th e  

whole eg g s  a r e  immersed i n  m e th y la te d  s p i r i t s  f o r  h a l f - a n - h o u r  

and t h e n  t h e  o u t s i d e  o f  th e  e g g s h e l l  i s  s t e r i l i s e d  by means o f  

th e  b u n se n  b u r n e r  f la m e .  The u p p e r  h a l f  o f  th e  s h e l l  i s  removed 

u s i n g  a  s t e r i l i s e d  g l a s s  ro d  and t h e  egg w h i te  d i s c a r d e d .  The 

y o l k  i n  th e  re m a in in g  h a l f  s h e l l  i s  whipped up w i th  a  s t e r i l i s e d  

p la t in u m  loop  and any r e m a in in g  egg w h i te  rem oved. The egg y o lk  

i s  t h e n  p o u red  d i r e c t  i n to  th e  n u t r i e n t  a g a r  b r o t h .  T h is  a l s o  

e l i m i n a t e s  any need to  s t r a i n  th e  medium th r o u g h  m u s l in .

T h is  medium i s  s i m i l a r  to  H e r r o l d ' s  egg y o lk  a g a r  medium 

b u t  h a s  been  found  to  g iv e  an  e a r l i e r  and more l u x u r i a n t  grow th  

o f  t u b e r c l e  b a c i l l i  th a n  H e r r o I d ' s 'm edium . A lso ,  i t  do es  n o t  

p ro d u ce  so much w a te r  o f  c o n d e n s a t io n  i n  t h e  c u l t u r e  b o t t l e  and 

so th e  medium i s  f i r m  and d o e s  n o t  c o l l a p s e  when th e  c u l t u r e  

b o t t l e  i s  i n  th e  u p r i g h t  p o s i t i o n .

The medium d e s c r i b e d  do es  n o t  c o n t a i n  any i n h i b i t o r y  

s u b s ta n c e s  such a s  m a la c h i t e  g r e e n ,  congo r e d ,  c r y s t a l  v i o l e t  

o r  g e n t i a n  v i o l e t  and so i t  can  be  u se d  f o r  th e  c u l t i v a t i o n  o f  

o t h e r  b a c t e r i a ,  e .g .  pneum ococcus, s t a p h y lo c o c c u s ,  s t r e p to c o c c u s  

and H e i s s e r a n  s t r a i n s .  The i n i t i a l  b r o t h  i s  u sed  f o r  b lo o d  

c u l t u r e s  and  t h e  n u t r i e n t  a g a r  f o r  s u b c u l tu r e s  and th e  m aking 

o f  b lo o d  a g a r  p l a t e s .  I t  i s  a  good medium f o r  u se  i n  an  

I s o l a t i o n  H o s p i t a l  where t h e  l a b o r a t o r y  s t a f f  i s  l i m i t e d .

TECHNIQUE

The spec im ens  a r e  c o l l e c t e d  i n  s t e r i l e  s to p p e re d  sputum 

f l a s k s  ( f i g . l )  and t r e a t e d  w i t h in  two h o u r s .  U sing  a  s t e r i l e  

2 c . c .  s y r in g e  w i th  c a n n u la  a t t a c h e d  ( F i g . I I )  1 c . c .  o f  sputum 

i s  d e l i v e r e d  i n t o  a  s t e r i l e  c e n t r i f u g e  tu b e  ( F i g  I I I )  c o n ta in i n g  

a n  e q u a l  volume o f  a  6 p e r  c e n t ,  s o l u t i o n  o f  s u l p h u r i c  a c i d  

(17  c . c .  o f  s u l p h u r i c  a c i d  ( s p e c i f i c  g r a v i t y  1 .8 4 )  i n  500 c . c .  o f  

d i s t i l l e d  w a t e r ) .  The c o n t e n t s  a r e  mixed w i th  a  s t e r i l e  g l a s s
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ro d  u n t i l  no l a r g e  p a r t i c l e s  rem a in .  By u s i n g  th e  s y r in g e  w i th  

c a n n u la ,  an  a c c u r a t e  amount o f  sputum can  be  m easured  d i r e c t l y  

i n t o  th e  b o tto m  o f  th e  c e n t r i f u g e  tu b e ,  so p r e v e n t in g  any sputum 

a d h e r in g  to  th e  s i d e s  o f  t h e  t u b e .  In  p r e v io u s  a t t e m p t s  t h i s  

p r e c a u t i o n  was n o t  ta k e n ,  th e  sputum b e in g  a l lo w e d  t o  f lo w  a lo n g  

th e  s id e  o f  th e  c e n t r i f u g e  tu b e ;  a s  a l l  th e  sputum t h u s  d id  n o t  

come i n t o  c o n t a c t  w i th  th e  s u l p h u r i c  a c i d  i n  th e  t u b e ,  c o n ta m in a t ­

in g  b a c t e r i a  were n o t  d e s t r o y e d .

A f t e r  i n c u b a t i o n  o f  th e  m ix tu re  f o r  30 m in u te s  a t  3 7 °C .,

10 c . c .  o f  no rm al s a l i n e  a r e  add ed , t h e  tu b e  i s  shaken  and th e n  

c e n t r i f u g e d  a t  3 ,0 0 0  r . p .m .  f o r  10 m in u te s .  The s u p e r n a t a n t  

f l u i d  i s  p o u red  o f f  and th e  sed im en t r e s u sp e n d e d  i n  a  second 

10 c . c .  c h a rg e  o f  norm al s a l i n e .  The tu b e  i s  t h o r o u g h ly  shaken , 

a l lo w e d  to  s ta n d  f o r  5 m in u te s ,  a g a in  shaken  and c e n t r i f u g e d  a t

3 ,0 0 0  r . p .m .  f o r  10 m in u te s .  The s u p e r n a t a n t  f l u i d  i s  p o u red  o f f  

and  th e  se d im e n t  u s e d  f o r  th e  i n o c u l a t i o n  o f  t h e  c u l t u r e  b o t t l e s .  

B e fo re  i n o c u l a t i n g  th e  m ed ia ,  th e  sed im en t  i s  s t i r r e d  w i th  a  few 

d ro p s  o f  norm al s a l i n e  t o  r e n d e r  i t  more f l u i d .  U s in g  a  p la t in u m  

loop  4 m.m. i n  d i a m e te r ,  th e  sed im en t  i s  c a r e f u l l y  s t r e a k e d  on th e  

s u r f a c e  o f  t h e  medium. A f t e r  i n o c u l a t i o n ,  t h e  b o t t l e s  a r e  in c u ­

b a te d  a t  3 7 ° C. and o b se rv e d  a t  weekly i n t e r v a l s  f o r  s i g n s  o f 

v i s i b l e  g ro w th .

Sm ears a l s o  a r e  p r e p a r e d  from  t h e  t r e a t e d  se d im e n ts  and 

s t a i n e d  by th e  Z ie h l - N e e l s e n  m ethod. I f  t u b e r c l e  b a c i l l i  a r e  

n o t  found  on t h e  f i r s t  e x a m in a t io n ,  th e  s l i d e s  a r e  a g a in  examined 

on two s u c c e s s iv e  o c c a s i o n s .

Two b o t t l e s  o f  e a c h  medium a r e  i n o c u l a t e d  w i th  sed im en t  

from  e a c h  specim en .
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6 . COMPARISON 01*’ RESULTS

F i r s t  S e r i e s  o f  100 c a s e s .  (T a b le  I )

I n  t h i s  s e r i e s  t h e  f o l lo w in g  s ix  m edia  were compared: 

P e t r a g n a n i  

L ow en s te in  

H e r ro ld  

C o rp e r  <£ Uyei 

P e t r o f f

Sw eany-Evanof f .

By d i r e c t  m ic ro s c o p ic  e x a m in a t io n  o f  s t a i n e d  sm ears 

92 p o s i t i v e  r e s u l t s  were o b ta in e d  o u t  o f  th e  100 c a s e s  exam ined.

A n e g a t iv e  was o n ly  a c c e p te d  on th e  r e s u l t s  o f  3 e x a m in a t io n s .

The c u l t u r a l  f i n d i n g s  w i th  th e  v a r i o u s  m edia were a s  f o l lo w s :  

l e t r a g n a n i ' s  Medium:

A f t e r  5 w eeks ' i n c u b a t i o n  t h e  t o t a l  number o f  p o s i t i v e s  

o b ta in e d  was 100 a s  a g a i n s t  92 by th e  m ic ro s c o p ic  m ethod. In  

27 c a s e s  t h i s  medium showed v i s i b l e  g row th  a t  t h e  end o f  7 d a y s .  

C o lo n ie s  were v i s i b l e  i n  10 -  12 d a y s  and a lm o s t  a lw ay s  by th e  

end o f  th e  t h i r d  week. On t h i s  medium g row th  u s u a l l y  o c c u r r e d  

e a r l i e s t  and i n  lu x u r ia n c e  exceeded  t h a t  o b t a i n e d  w i th  t h e  o t h e r  

m ed ia . C o n ta m in a t io n  was r a r e .

L o w e n s te in 's  Medium;

T h is  medium a l s o  gave  100 p e r  c e n t  p o s i t i v e  r e s u l t s  a t  th e  

end o f  5 w eeks. Twelve sp ec im en s  showed v i s i b l e  g ro w th  a t  th e  

end o f  one week. C o lo n ie s  f r e q u e n t l y  w ere  v i s i b l e  i n  14- 16 day s  

b u t  were much s m a l l e r  and more d i s c r e t e  t h a n  t h o s e  o b t a in e d  by 

P e t r a g n a n i ' s  m ethod,

H e r f o l d ' s  Medium.

Good r e s u l t s  were a l s o  o b ta in e d  on t h i s  medium, 96 c u l t u r e s  

b e in g  p o s i t i v e  a f t e r  5 w eeks ' i n c u b a t i o n .  I n  13 sp ec im en s  t h i s
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medium showed g row th  w i t h in  7 d a y s .  I n  10 -  14 d a y s  c o l o n i e s  

were o f t e n  a p p a r e n t  and e q u a l l e d  th o s e  on r e t r a g n a n i 1s medium i n  

l u x u r i a n c e .

Medium o f  C o rp e r  and U y e i:

T h is  medium was s l i g h t l y  l e s s  r e l i a b l e  t h a n  m ic ro s c o p ic  

e x a m in a t io n ,  y i e l d i n g ,  a f t e r  5 w eeks, 89 p o s i t i v e s .  C o lo n ie s  

were n o t  u s u a l l y  v i s i b l e  u n t i l  t h e  t h i r d  week, b u t ,  once fo rm ed , 

t h e  g ro w th  was r a p i d  and l u x u r i a n t .  C o n tam in a t io n  was r a r e .  

Media o f  P e t r o f f  and o f  Sweany and E v a n o f f -.

On t h e s e  media c o l o n i e s  w ere  slow  to  grow b u t  e v e n t u a l l y  

became f a i r l y  l u x u r i a n t .  F iv e  w eeks ' i n c u b a t i o n  p rodu ced  77 and 

75 p o s i t i v e  r e s u l t s  on t h e  r e s p e c t i v e  m edia .

I n  com paring  th e  8  s p u ta  w hich  gave n e g a t iv e  r e s u l t s  by 

th e  m ic ro s c o p ic  m ethod, th e  c u l t u r e s  showed th e  f o l l o w i n g : -  

P e t r a g n a n i  8  p o s i t i v e

L o w en s te in  8  "

H e r ro ld  7 "

C o rp e r- l ly e i  6 "

P e t r o f f  2 "

S w eany-E vanoff 3 "

I n  th e  5 spec im ens  w here  v e ry  few  b a c i l l i  were found 

m ic r o s c o p ic a l l y  ( 2 - 3  b a c i l l i  i n  th e  whole sm ear) t h e  c u l t u r a l  

f i n d i n g s  w e r e : -

P e t r a g n a n i 5 p o s i t i v e

L o w en s te in 5 n

H erro Id 5 ii

C o rp e r-U y e i 4 it

P e t r o f f 3 ti

Sweany-Evano f f 4 n

The r a t e  a t  w h ich  g ro w th  a p p e a re d  on th e  v a r i o u s  me d i a  

i s  shown i n  t h e  f o l lo w in g  t a b l e : -



- 35 -

Mpd ium
P e r io d  o f  in c u b a t io n

1 week 2 weeks 3 weeks 4 weeks 5 weeks

P e t r a g n a n i 27 84 95 100 100

L ow en s te in 12 54 91 93 100

H e rro Id 13 80 89 94 96

C o rp e r-U y e i 3 46 64 75 89

P e t r o f f - 15 46 54 77

Sw eany-Evanoff - 17 39 56 75

I n  e v e ry  c a s e  th e  g ro w th  showed th e  t u b e r c l e  b a c i l l i  

t o  be  a p p a r e n t l y  o f  th e  human ty p e .  On a l l  th e  m edia , w i th  

th e  e x c e p t io n  o f  t h a t  o f  H e r ro ld ,  th e  g row th  was d ry ,  w r in k le d  

o r  v e r r u c o s e  and o f  a  y e l l o w i s h  t i n t .  On H e r r o l d ' s  medium th e  

g ro w th  showed sm ooth w h i te  c o l o n i e s  w i th  a  marked ten d e n cy  to  

c o a l e s c e .

Second S e r i e s  o f  50 C ases  (T a b le  I I )

I n  t h i s  s e r i e s  H e r r o l d ' s  medium was compared w i th  th e  

A u t h o r ' s  medium. From t h e  p r e v io u s  s e r i e s  i t  was found  t h a t  a 

s im p le  egg medium, w hich  c o u ld  be  u sed  f o r  t h e  c u l t i v a t i o n  o f  

o t h e r  o rg a n is m s ,  would be  th e  m ost u s e f u l  f o r  r o u t i n e  u s e .

By d i r e c t  m ic ro s c o p ic  e x a m in a t io n  o f  s t a i n e d  sm ears 

47 p o s i t i v e  r e s u l t s  w ere  o b t a i n e d  o u t  o f  t h e  50 c a s e s  exam ined. 

A n e g a t iv e  was o n ly  a c c e p te d  on t h e  r e s u l t  o f  3 e x a m in a t io n s .

The c u l t u r a l  f i n d i n g s  w i th  t h e  two m edia  were a s  f o l lo w s :  -  

A u t h o r ' s  Medium:

A f t e r  5 weeks i n c u b a t i o n  th e  t o t a l  number o f  p o s i t i v e s  

o b ta in e d  was 50 a s  a g a i n s t  47 by th e  m ic ro s c o p ic  m ethod . I n  

17 c a s e s  t h i s  medium showed v i s i b l e  g row th  a t  t h e  end o f  7 d a y s .  

C o lo n ie s  w ere  u s u a l l y  v i s i b l e  i n  10 -  12 d ay s  and a lm o s t  a lw ay s
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by th e  end o f  t h e  t h i r d  week. On t h i s  medium g row th  u s u a l l y  

o c c u r re d  e a r l i e r  and i n  lu x u r ia n c e  exceeded t h a t  o b t a i n e d  by 

H e r r o l d ' s  medium. There  was n o t  th e  same amount o f  w a te r  o f  

c o n d e n s a t io n  a s  w i th  H e r r o l d ' s  medium so t h a t  th e  medium was 

f i r m e r  and d id  n o t  c o l l a p s e  r e a d i l y .

H e r r o l d ' s  Medium;

T h is  medium was e q u a l  to  t h e  m ic ro s c o p ic  m ethod, y i e l d i n g ,  

a f t e r  5 weeks, 47 p o s i t i v e s .  In  8  spec im ens t h i s  medium showed 

g ro w th  a t  th e  end o f  one week. I n  10 -  14 days c o l o n i e s  were 

o f t e n  a p p a r e n t .

I n  com paring  t h e  3 s p u ta  w hich gave n e g a t iv e  r e s u l t s  by 

th e  m ic ro s c o p ic  m ethod, th e  c u l t u r e s  showed th e  fo l lo w in g :

A u th o r  3 p o s i t i v e

H e rro ld  0 "

In  th e  8  spec im ens w here  v e ry  few  b a c i l l i  were found  

m ic r o s c o p ic a l l y  ( 2 - 3  b a c i l l i  i n  t h e  whole sm ear) t h e  c u l t u r a l  

f i n d i n g s  were:

A u th o r  8  p o s i t i v e

H e rro ld  8  "

The r a t e  a t  w hich  g row th  o c c u r r e d  on t h e  two m edia  i s  

shown i n  th e  t a b l e  below :

Medium
P e r io d  o f  i n c u b a t i o n

1 week 2 weeks 3 weeks 4 weeks 5 weeks

A u th o r 17 42 48 50 50

H erro ld 8 33 36 40 47
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T h ird  S e r i e s  o f  100 c a s e s  (T a b le  I I I )

In  t h i s  s e r i e s  t h e  f o l lo w in g  f o u r  media were compared:

A uthor

i - e t r a g n a n i

L ow enste in

C o rp e r-U y e i

The m edia  o f  P e t r o f f  and Sw eany-Evanoff were o m i t te d  i n  

t h i s  s e r i e s  owing to  f r e q u e n c y  o f  c o n ta m in a t io n  and s lo w n e ss  o f  

g ro w th . The a u t h o r ' s  egg y o lk  a g a r  medium was, u sed  i n  p l a c e  o f  

h e r r o l d ' s  egg y o lk  a g a r  medium.

By d i r e c t  m ic ro s c o p ic  e x a m in a t io n  o f  s t a i n e d  sm ears  90 

p o s i t i v e s  r e s u l t s  w ere  o b ta in e d  o u t  o f  th e  100 c a s e s  exam ined.

The c u l t u r a l  f i n d i n g s  on t h e  v a r i o u s  m edia  were a s  f o l l o w s : -  

A u t h o r ' s  Medium;

A f t e r  5 weeks i n c u b a t i o n  t h e  t o t a l  number o f  p o s i t i v e s  

o b ta in e d  was 100 a s  a g a i n s t  90 by th e  m ic r o s c o p ic  m ethod. In  

29 c a s e s  t h i s  medium showed v i s i b l e  g ro w th  a t  th e  end o f  7 d a y s .  

C o lo n ie s  were v i s i b l e  i n  10 -  12 d a y s  and a lm o s t  a lw ay s  by th e  

end o f  th e  t h i r d  week. On t h i s  medium grow th  u s u a l l y  o c c u r r e d  

e a r l i e s t  and i n  lu x u r ia n c e  exceeded  t h a t  o b t a in e d  w i th  t h e  o t h e r  

t h r e e  m ed ia .  (S e e  p h o t o ) .  Growth b eg an  a s  sm a l l  y e l l o w i s h - w h i t e  

smooth c o l o n i e s  w hich  q u ic k ly  j o in e d  t o g e t h e r  t o  fo rm  a  s a g o - l i k e  

mass o f  g ro w th  (p h o to  ) .  .

P e t r a g n a n i ' s  Medium:

T h is  medium a l s o  gave 100 p e r  c e n t  p o s i t i v e  r e s u l t s  a t  

th e  end o f  5 w eeks. 23 sp ec im en s  gave p o s i t i v e  r e s u l t s  a t  th e  

end o f  7 d a y s .  C o lo n ie s  w ere  v i s i b l e  i n  10 -  12 d a y s  and a lm o s t  

a lw ays by t h e  end o f  t h e  t h i r d  week. T here  w ere  some s t r a i n s  o f  

th e  t u b e r c l e  b a c i l l u s  w hich  gave p o o r  g ro w th s  w i th  P e t r a g n a n i ' s  

and L o w e n s t e in 's  m edia  w h i le  g i v in g  good g ro w th s  w i th  t h e  A u t h o r ' s  

medium. T h is  may have  b e en  due to  t h e  s t r o n g  i n h i b i t o r y  a c t i o n
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o f  t h e  m a la c h i t e  g re e n  u sed  in  i e t r a g n a n i ' s  and L o w e n s te in 's  

m ed ia .

L o w e n s te in 's  Medium:

Good r e s u l t s  were a l s o  o b ta in e d  on t h i s  medium, 97 c u l t u r e s  

b e in g  p o s i t i v e  a f t e r  5 weeks i n c u b a t io n .  9 spec im ens showed 

v i s i b l e  g ro w th  a t  th e  end o f  one week. C o lo n ie s  f r e q u e n t l y  were 

v i s i b l e  i n  14 -  16 day s  b u t  w ere  sm a l l  and d i s c r e t e  compared w i th  

t h e  two p r e v io u s  m edia .

C o r p e r - U y e i 's  Medium:

T h is  medium was a g a in  s l i g h t l y  l e s s  r e l i a b l e  t h a n  m ic ro ­

s c o p ic  e x a m in a t io n ,  y i e l d i n g  a f t e r  5 weeks 89 p o s i t i v e s .  Two 

spec im ens showed v i s i b l e  g row th  a t  t h e  end o f  7 d a y s .  As b e f o r e ,  

c o l o n i e s  were n o t  u s u a l l y  v i s i b l e  u n t i l  t h e  t h i r d  week, b u t  once  

fo rm ed , th e  g ro w th  was r a p i d  and l u x u r i a n t .

In  com paring th e  10 s p u ta  w hich gave n e g a t iv e  r e s u l t s  

by t h e  m ic r o s c o p ic  m ethod , t h e  c u l t u r e s  showed th e  f o l lo w in g :  

A u th o r  10 p o s i t i v e

P e t r a g n a n i  10 "

L o w en s te in  7 "

C orpe r-U ye i 6 "

I n  t h e  14 spec im ens where v e ry  few  b a c i l l i  were found 

m i c r o s c o p i c a l l y ,  t h e  c u l t u r a l  f i n d i n g s  w ere;

A u th o r  14 p o s i t i v e

P e t r a g n a n i  14 "

L o w en s te in  14 "

C o rp e r-U y e i 9 »

The r a t e  a t  w hich g row th  a p p e a re d  on t h e  above f o u r  m edia 

i s  shown in  t h e  f o l lo w in g  t a b l e :
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P e r io d  o f  I n c u b a t io n
Medium

1 week 2 weeks 3 weeks 4 weeks 5 weeks

A uthor 29 84 93 100 100

I - e t r a g n a n i 23 80 90 96 100

L o w ens te in 9 67 85 93 97

C orpe r-U ye i 2 32 64 77 89



SUMMARY AND CONCLUSIONS

I n  S e r i e s  I  s ix  media have b e e n  compared a s  t o  t h e i r  

v a lu e  i n  th e  c u l t i v a t i o n  o f  t u b e r c l e  b a c i l l i  from  sputum, 

f o l lo w in g  p r e l i m i n a r y  t r e a tm e n t  w i th  6 p e r  c e n t  s u l p h u r i c  a c id  

a c c o r d in g  to  th e  A u t h o r 's  m o d i f i c a t io n  o f  th e  C o rp e r-U y e i  

m ethod.

The medium o f  P e t r a g n a n i  gave  th e  b e s t  r e s u l t s ,  b e in g  

s u p e r i o r  to  th e  m ic ro s c o p ic  method a s  r e g a r d s  t h e  t o t a l  number 

o f  p o s i t i v e  r e s u l t s  and in  p ro d u c in g  th e  e a r l i e s t  p o s s i b l e  g row th . 

B ecau se  o f  t h e  e x c e l l e n c e  o f  t h e  r e s u l t s  o b t a in e d ,  t h i s  medium 

i s  p a r t i c u l a r l y  recommended f o r  t h e  p r im a ry  c u l t i v a t i o n  o f  t u b e r c l e  

b a c i l l i  f o l lo w in g  t r e a tm e n t  by s u l p h u r i c  a c i d .

The medium o f  L o w en s te in  i s  a l s o  h ig h ly  recommended a s  i t  

y i e l d e d  r e s u l t s  a lm o s t  a s  good a s  th o s e  o f  P e t r a g n a n i .  These two 

m edia  were s u p e r i o r  t o  t h e  o t h e r  f o u r  w i th  r e g a r d  t o  th e  number 

o f  p o s i t i v e  r e s u l t s  o b t a in e d .

The m edia o f  H e r ro ld  and  C o rp e r-U y e i a l s o  gave v e ry  good 

r e s u l t s  b u t  g r e a t e r  c a r e  was n e c e s s a r y  i n  t h e i r  p r e p a r a t i o n .

T hese  f o u r  m ed ia , t h e r e f o r e ,  a l l  gave  r e l i a b l e  r e s u l t s  and any one 

o f  them may be u sed  w i th  c o n f id e n c e  i n  t h e  r o u t i n e  i s o l a t i o n  o f  

t u b e r c l e  b a c i l l i  from  sputum.

The m edia o f  P e t r o f f  and Sw eany -E v an o ff , owing to  f r e q u e n c y  

o f  c o n ta m in a t io n  and t a r d i n e s s  o f  g ro w th ,  were i n f e r i o r  to  th e  

o t h e r  f o u r .

In  S e r i e s  I I  t h e  A u t h o r ' s  medium h a s  shown i t s e l f  t o  be 

s u p e r i o r  to  H e r r o l d ' s  medium in  g i v in g  an  e a r l i e r  g ro w th  and a 

g r e a t e r  number o f  p o s i t i v e  r e s u l t s .

I n  S e r i e s  I I I  f o u r  media have  b e en  compared a s  t o  t h e i r  

v a lu e  i n  th e  c u l t i v a t i o n  o f  t u b e r c l e  b a c i l l i .  The r e s u l t s  showed
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t h a t  th e  A u t h o r ' s  medium was s u p e r i o r  t o  th e  media o f  p e t r a g n a n i ,  

L d w en s te in  and C o rp e r-U y e i .  Thus th e  A u t h o r ' s  medium h a s  b e en  

p ro v ed  s u p e r i o r  to  th e  s ix  m edia most f r e q u e n t l y  u sed  a t  th e  

p r e s e n t  t im e ,  nam ely, P e t r a g n a n i ,  L o w en s te in , H e r ro ld ,  C o rp e r-  

U y e i ,  P e t r o f f  and Sw eany-E vanoff.

In  t h i s  s tu d y  th e  u se  o f  c u l t u r e  m edia  h a s  p ro v ed  i t s e l f  

s u p e r i o r  to  d i r e c t  m ic ro s c o p ic  e x a m in a t io n .  Of th e  250 spec im ens 

examined o n ly  229  p o s i t i v e s  were o b ta in e d  by th e  m ic ro s c o p ic  

m ethod a s  a g a i n s t  250 p o s i t i v e s  by t h e  c u l t u r e  m ethod. T h is  

shows 8 .4  p e r  c e n t  o f  m ic r o s c o p ic a l l y  n e g a t iv e  s p u ta  were p o s i t i v e .

C om parison w i th  g u i n e a - p ig  i n o c u l a t i o n  was n o t  c a r r i e d  o u t  

i n  t h i s  i n v e s t i g a t i o n ,  b u t  t h e  p o s i t i v e  c u l t u r a l  f i n d i n g s  i n  21 

spec im ens  w i th  no t u b e r c l e  b a c i l l i  dem onstrab le  m ic r o s c o p ic a l l y  

and in  27 o t h e r s  where th e y  were v e ry  s c a n t i l y  p r e s e n t ,  s u g g e s t  

t h a t  th e  c u l t u r e  method w i l l  g iv e  a s  good r e s u l t s  a s  g u i n e a - p ig  

i n o c u l a t i o n ,  b e s i d e s  b e in g  c h e a p e r ,  q u i c k e r  and l e s s  f a l l a c i o u s .  

C o n c lu s io n s :

The p r i n c i p a l  m edia f o r  t h e  c u l t i v a t i o n  o f  th e  t u b e r c l e  

b a c i l l u s  i n  u s e  i n  B r i t a i n  and a b ro a d  have b e e n  compared w i th  

th e  A u t h o r ' s  medium. The A u t h o r 's  medium h a s  b een  shown t o  be 

s u p e r i o r  to  t h e s e  m edia.

A s im p le  egg medium c o n ta in i n g  no i n h i b i t o r y  dye i s  th e  

b e s t  medium f o r  th e  r o u t i n e  i s o l a t i o n  o f  th e  t u b e r c l e  b a c i l l u s .

8 . 4  p e r  c e n t  p o s i t i v e  c u l t u r a l  r e s u l t s  have  b e en  o b ta in e d  

where m ic r o s c o p ic  r e s u l t s  were n e g a t iv e .  C u l t u r a l  m ethods a re  

c h e a p e r  and q u ic k e r  th a n  a n im a l  i n o c u l a t i o n .

A l l  P u b l i c  H e a l th  A u t h o r i t i e s  sh o u ld  a d o p t  c u l t u r a l  m ethods 

i n  a i l  c a s e s  o f  s u s p e c te d  pulm onary  t u b e r c u l o s i s  w i th  a  v iew  to  

i n s t i t u t i n g  e a r l y  t r e a tm e n t  and r e d u c in g  th e  h ig h  d e a th  r a t e  i n  

young a d u l t s .
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ArrSMDIX

T a b ie s  c o r r e s p o n d in g  to  S e r i e s



TABLE 1.

P e r i o d  o f  I n c u b a t i o n  -  5 weeks

Specimen
Number

M ic ro sc o p ic
F in d in g

P e t r a g ­
n a n i

Lowen­
s t e i n

H e r ro ld C orper
-U y e i

P e t r o f f Sweany- 
Evanof f

1 + ++++ + 4 + + ++++ ( c )  ++ +++

2 + +++ + +++ + +++ +++ ( c ) + +

5 + ++++ +++ +++ ++++ ( c )  ++ -

4 ++ ++++ ++++ +++ ++++ ++++ ++++

5 + ++++ +++ + ++++ ( c ) ++++ ( c ) ++++

6 ++ ++++ ++++ ++++ + + + 4 ++++ -

7 + ++++ ++++ ++++ + ( c ) ++

8 ++ ++++ ++++ ++ ++++ (C) ++++

9 + ++++ +++ ++ - ++ (C)

10 - +++ +++ + ++ + ++ ++

11 ++ ++++ +++•+ ++++ ++++ ++++ ( c ) ++++

*2 + ++++ +++ +++ 4 + + + ++++ ( c ) ++++

13 +(few ) + + 4 4 +++ ++++ +++ +++ ++++

14 + ( f  ew) ++++ +++ ++ +++ + +4 + 4 4  +

15 + +++ + +++ ++ +++ + +++ + 4 +

16 + + + +  + + + + + + - - -

17 + + ++ + 4 + + + + + + + + ++++ ++++ +++ +

18 + ++++ +++ +++ +++ - -

i s - + + + + + + + + + + + + + - -

20 +( / . f e w ) ++++ + + + + + + + + + + + + + + +

21 + + +  +  + + + + + + + + + + + + + + + + ( c ) + +

22 - + + + + + + + + + - —

23 +(few) + + + + + + + + + + + + + + - —

24 + + + + + + + + + + + + + + + - + + + +

25 - + + + + + - - — —
26 + ++++ +++ ++++ ++++ ++++ +++
27 - + ++ ++ + ++ ++ +
28 + ++++ ++++ ++++ ++++ ++++ 1 ++



IE 1 (continued).

Specimen 
1)001) e r

M ic ro sc o p ic
F in d in g

P e t r a g -  
n a n i

no we n -  
s t e i n

H e r ro ld C orper
-U y e i

P e t r o f f Sweany- 
E vanof f

29 - +++ ++ + - - -

30 +(few) ++++ ++++ ++++ ++++ ++++ +++

31 + ( f  ew) ++++ ++++ ++++ ++ ++ ++++

32 + (f  ew) ++•+ + ++++ ++++ ++++ ++++ +++

33 + ++++ ++++ + ++++ ++++ ++++

34 + ++++ ++++ ++++ ++++ + +++

35 + ++++ ++++ ++++ ++++ ++ +

36 + ++++ +++ +++ ++ +++ +++

37 + + +++ ++++ ++++ - -

38 + ++++ ++++ ++++ ++++ - -

39 * ++++ +++ ++++ ++++ ++++ +++

40 + ++++ ++++ +++ ++++ - ++++

41 - +++ + 4 + ++ ++ - ++

42 - +++ + + + ++++ ++ - -

43 +(v .  f  ew) +++ + + + + +++ - +
44 + +++ + + + ++ +++ + +++

45 + ++++ +++ ++++ ++++ - ++++

46 + ++++ + ++ ++++ ++++ ++ ++

47 ++ ++++ ++++ ++++ ++++ + ++

48 + ( f  ew) ++++ ++ + + ++++ ++++ ++ • ++

49 +(f  ew) ++++ + + + +++ - - —

50 +(f  ew) +++ + + + + +++ +++ ++ ++++

51 + ++++ +++ + ++++ ++++ ++ ++

52 + ( f  ew) ++++ +++ ++++ ++++ +++ ++++

53 + (f  ew) ++++ + +++ ++ ++++ ++ ++

54 + ++++ +++ - - - -

55 + ++++ ++ ++++ ++++ ++ +

56 + ( f  ew) ++++ + + ++++ + + +

57 + ++++ +++ ++++ ++++ +++ ++

58 +(few) ++ ++ + +++ ++ + -

59 + ++++ + + ++++ ++++ ++ ++



ftBLE 1 ( c o n t i n u e d ) .

Specimen
Number

M ic ro sc o p ic
F in d in g

P e t r a g ­
n a n i

Lowen­
s t e i n

H e r ro ld C orper
-U y e i

P e t r o f f Sweany- 
E vanof f

60 + ++++ +++ +++ + 4 —

61 ++ ++++ ++ +++ + 44 -

62 ++ ++++ ++ +++ ++++ 44 44

63 + ( f  ew) ++++ ++ ++++ +++ 44 -

64 + ++++ +++ ++++ ++++ 444 -

65 + ++++ +++ +++ ++++ 44 44

66 +( v .few ) ++++ +++ ++ - - -

67 + ++++ +++ +++ ++++ 44 4

68 + (v . f  ew) ++++ +++ ++++ ++4 + 444 44

69 +( v . f  ew) ++++ ++ +++ +4 + 44 444

70 + +++ +++ ++ - 4 44

71 + ++++ +++ ++ - 4444 444

72 + +++ +++ +++ 4444 4444 444

73 + +++ +++ + 4 44 44

74 + ++++ +++ ++++ 4444 4444 44

75 + ++++ +++ ++++ 4444 4444 444

76 ++ ++++ ++++ +++ - 4444 4

77 + ++++ ++++ + 4444 4444 -

78 ++ ++++ ++++ ++++ 4444 4444 44

79 + ++++ +++ ++++ 4444 444 4

80 + ++++ +++ +++ 4444 4444 444

81 + ++ + - - - 4

82 + ++++ - ++ 44 - 44

83 + ++++ ++ ++ 4444 4444 444

84 + ++++ ++ +++ 4444 4444 444

85 + +++ ++ + 4444 44 44

86 + ++++ ++ ++++ 444 4444 44

87 + ++++ +++ ++++ 4444 444 444

88 ++ ++++ +++ +++ 444 4444 4

89 + ++++ +++ + 4444 4444 —

90 ++ ++++ ++++ +-H- + 4444 4444 44



TABLE 1 C continued)

S p e c i m e n
Number

M ic ro sc o p ic  
F in d in g

P e t r a g ­
n a n i

Lowen­
s t e i n

H e rro ld C orper
-U y e i

P e t r o f f Sweany- 
E vanof f

91

92

93
94

95

96

97

98

99

100

p o sitiv e  

Begat iv e

+

+

4

4

4

44

4

+ +

92

8

+ + + +

+ + + +

++

+ + + +

+ + + +

+ + + +

4444

+ + + +

+ + + +

+ + + +

100

+ + + +

+ + +

+ + +

+ + +

+ + +

+ + + +

444

+ + + +

+ + + +

100

+ + + +

+4+

4

4444

444

444

4

4444

4444

96

4

4444

4444

44

4444

444

4444

4444

4444

4444

•4

89

11

4444

4444

4

44

444

44

4444

4444

4444

77

23

4

444

4

444

44

4444

4444

44

75

25



TABLE I I

P e r i o d  o f  i n c u b a t i o n  -  3 weeks .

Specim en
Humber

M ic ro sco p ic
F in d in g

A uthor H e r ro ld

1 + ++++ ++++

2 + ++++ +++

3 + ++++ ++++

4 + ++++ +++

5 + ++++ ++++

6 ++ ++++ +++

7 ++ ++++ ++++

8 + ++++ +++

9 +( v .  f  ew) ++ +

10 + ++++ +++

11 + +++ +

12 ++ ++++ +++

13 ++ +++ +++

14 + ++ +

15 + +++ ++

16 + ++++ ++

17 + ++++ +++

18 + ++++ +++

19 + ++++ +++

20 + ++ ++

21 + ++++ +++

22 +(v . f  ew) ++ +

23 + ++++ +++

24 - ++ -

25 + (v .  f  ew) ++ +

26 +( v . f  ew) ++ +

27 + +++ ++

28 ++ ++++ +++

29 + ++++ +++



TABLE I I  ( c o n t i n u e d ) .

Specim en
Humber

M ic ro sco p ic
F in d in g

A uthor H e r ro ld

30 + ++ +

31 + ++++ +++

32 +( v .  f  ew) ++ +

33 + ++++ ++++

34 - ++ -

35 + ++ ++

36 + ++ +

37 + + ++

38 ++ ++++ +++

39 + ++++ +++

40 +{ v .  f  ew) ++ +

41 + ++++ +++

42 + +++ +

43 + ++++ +++

44 + ++ ++

45 + ++++ +++

46 +( v .  f  ew) ++ +

47 + (v . f  ew) ++ +

48 + ++++ ++++

49 - ++ -

50 + ++ ++

P o s i t i v e 47 50 47

Hegat iv e 3 - 3



2

3

4

5

6

7

8
9

10
11

12

13

14

15

16

17

18

19

20

21

22

2.3

24

25

26

27

28

TABLE I I I

P e r i o d  o f  i n c u b a t i o n  -  5 w eeks .

M ic ro sco p ic
F in d in g

A uthor P e t r a g ­
n a n i

Ldwen-
s t e i n

C o rp e r- l

++ ++++ ++++ ++++ ++++

++ ++++ ++++ +++ ++++

++ ++++ +++ +++ ++++

+ ++++ ++++ +++ +

+ ++++ ++++ +++ ++++

+ ++++ ++++ . ++++ ++++

- ++++ +++ +++ ++++

++ ++++ ++++ +++ ++++

++ ++++ ++++ +++ ++++

++ ++++ ++++ +++ ++++

+ ++++ ++++ +++ ++++

++ ++++ ++++ ++ +
++ ++++ ++++ ++++ ++++

+ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ -

++ ++++ ++++ ++++ +++

++ ++++ ++++ +++ ++++

- ++++ ++++ ++++ +

+ ++++ ++++ + ++++

+ ++++ ++++ ++++ ++++

+ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ +++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ ++

++ ++++ ++++ +++ ++++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ +++ ++++

++ ++++ ++++ ++++ ++++



ec;
Juml

29

50

51

52

55

54

55

56

57

58

59

40

41

42

45

44

45

46

47

48

49

50

51

52

55

54

55

5'6

57

58

( continued-).

M ic ro sco p ic
F in d in g

A u tho r P e t r a g -  
n a n i

Lo we li­
s t  e i n

C o rp e r-U y e i

+ ++++ ++++ ++++ ++++

+ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ ++++

++ +++ +++ ++++ ++++

++ ++++ +++ ++++ ++++

++ ++++ ++++ ++++ ++++

++ ++++ +++ +++ ++++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ +++ + ++++

+ ++++ ++++ ++++ ++++

+ ++++ ++++ ++++ ++++

++ ++++ ++++ +++ +++

++ ++++ ++++ ++++ ++++

++ ++++ ++++ ++++ ++++

++ . +++ +++ ++++ -H-++

+(v .fe w ) +++ +++ + -

+{ v .fe w ) +++ +++ + -

- +++ ++ +++ -

+ ++++ ++++ +++ +

+ ++++ +++ ++ + +

+ ++++ ++++ ++ ++

+ +++ +++ + +

+ ++++ ++++ +++ +

+ ++++ ++++ +++ +

- ++++ +++ +++ +



3 L ' .

>ec
Num

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

( continued).

M ic ro sco p ic
F in d in g

A u tho r P e t r a g -  
n a n i

Lowen­
s t e i n

- +++ +•++ ++

+ ++++ +++ ++

+ +++ +++ +

+ ( v .few ) +++ +++ ++

+ (f  ew) +++ +++ +++

+ ++++ +++ ++

+ (f  ew) +++ +++ ++

+ ( f  ew) -H- + +++ ++

+ (v .few ) +++ +++ +

+ +++ +++ ++

+ ++++ ++++ ++

+ +++ +++ ++

+ ++++ ++++ ++

- ++ ++ -

+( few) +++ ++ ++

+( f  ew) +++ ++ ++

+ +++ ++ ++

+(few) +++ + +

+ (v. f  ew) ++ ++ ++

+(v . f  ew) ++ ++ ++

+ +++ ++ ++

- +++ + -

+ (v . few) ++ ++ ++

+ (v . f  ew) ++ ++ ++

+ (v .few ) ++ ++ ++

+ (v . f  ew) +++ + +

+ ++++ + +

+ (few) +++ + +

+( f  ew) ++ + + +

C o rp e r-U y e i

+

++

+ +

+

+

+

+

+

+

+

+ +

+ +

+ +

++

+ +

+ +

+

+ +

+

+ +

+ +

++

+ + +

+ +

+ +



TABLE I I I  ( c o n t i n u e d ) .

Specim en
Number

M ic ro sc o p ic
F in d in g

A u tho r P e t r a g -  
n a n i

Lowen­
s t e i n

C o rp e r-U y e i

88 - ++ + —

89 + +++ ++ ++ +

90 + ++ + + ++

91 - +++ + + +

92 +(v .  f  ew) ++ + + +++

93 + (v .few ) +++ +++ ++ —

94 + (v . f  e#) +++ + + ++

95 +( v .few ) +++ + + ++

96 - +++ + + -

97 ++ ++++ ++++ +++ + ++++

98 + ++++ ++++ ++++ ++++

99 + ++++ ++++ +++ +

100 + ++++ ++++ +++ ++++

P o s i t i v e 90 100 100 97 89
N eg a tiv e 10 - - 3 11



EXPLANATION OP SIGIE

MICROSCOPIC RESULTS:

+ _ = a c i d - f a s t  b a c i l l i  p r e s e n t .

++ = numerous a c i d - f a s t  b a c i l l i  p r e s e n t

+ ( v .  few) = 2 - 3  a c id  - f a s t  b a c i l l i  p e r  smear

+ ( fe w )  = 1 0 - 2 0  " " " " »

= a c i d - f a s t  b a c i l l i  a b s e n t .

CULTURE-BOTTLE RESULTS:

c = o v e rg ro w th  by c o n ta m in a t io n  

( c ) +  = p o s i t i v e  b e f o r e  o v e rg ro w th .

+ = one o r  two sm a l l  c o lo n i e s .

++ = s e v e r a l  f a i r  s i z e d  c o l o n i e s .

+++ = numerous c o l o n i e s .

++++ = s u r f a c e  o f  medium c o v e red  w i th  g row th .


