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OPTIMAL CARBON DIOXIDE TENSIONS FOR PRIMARY ISOLATION OF THE 
GONOCOCCUS; RESPONSE OF THE ORGANISM TO OTHER GASEOUS ENVIRONMENTS

S ince  th e  s u c c e s s f u l  c u l t i v a t i o n  o f  th e  gonococcus  by E. Bumm in  

1885 (1 )  a  v a s t  amount o f  l i t e r a t u r e  h a s  a p p e a re d  on the  g ro w th  r e q u i r e ­

ments and c u l t i v a t i o n  o f  t h i s  o rg an ism . Of th e s e  o b s e r v a t io n s  a  coin- 

p a r a t i v e l y  sm all p a r t  h as  d e a l t  w i th  th e  a tm o sp h e r ic  r e q u i re m e n ts  o f  

g o n o c o c c i .  U n t i l  r e c e n t  y e a r s  r e p o r t s  on o p t im a l  gaseous  env ironm ent 

have been  c o n t r a d i c t o r y  and b a se d ,  i n  some i n s t a n c e s ,  on a s tu d y  o f  a 

c o m p a ra t iv e ly  few s t r a i n s .

The grow ing mass o f  ev id en ce  i n d i c a t e s  t h a t  gonococc i a r e  b e n e f i t e d  

d u r in g  p r im a ry  i s o l a t i o n  by an a tm osphere  e n r i c h e d  w i th  ca rb o n  d io x id e .  

There h a s  grown up among b a c t e r i o l o g i s t s  a f e e l i n g ,  b a se d  on in c o n c lu s iv e  

e v id e n c e ,  t h a t  to  a c h ie v e  o p tim a l r e s u l t s  one m ust supp ly  a  ca rb o n  d io x id e  

t e n s io n  o f  a p p ro x im a te ly  te n  p e r  c e n t .  The m ethods i n  c u r r e n t  use  f o r  

su p p ly in g  ca rb o n  d io x id e  en r icn m en t u n d o u b te d ly  g iv e  v a ry in g  amounts o f  

th e  g a s ,  and a s tu d y  (2 )  o f  g row th  u n d e r  ca rbon  d i o x i d e - t e n s i o n s  sup­

p l i e d  by va jr ious  means i n d i c a t e s  t h a t  com parab le  r e s u l t s  may b e  a c h ie v e d .

D uring  th e  c o u r s e  o f  e x p e r im e n ts  on th e  v i a b i l i t y  o f  gon o co cc i under  

c o n d i t i o n s  o f  t r a n s p o r t a t i o n  from p a t i e n t  to  l a b o r a t o r y  (3)» th e  w r i t e r  

u se d  v a r i o u s  means o f  s u p p ly in g  ca rb o n  d io x id e  f o r  c u l t u r e .  The r e s u l t s  

were p r a c t i c a l l y  the  ssme by two m ethods which were judged  to p ro v id e  

d i f f e r e n t  amounts o f  g a s .  A n a ly ses  co n f irm ed  o u r  o p in io n  t h a t  th e  gas 

t e n s io n s  s u p p l i e d  w ere c o n s id e ra b ly  d i f f e r e n t .

W ith t h i s  in fo r m a t io n  a s  an im p e tu s ,  the  p r e s e n t  s tu d y  was under­

ta k e n  to  d e f in e  more e x a c t l y  th e  c a rb o n  d io x id e  r e q u ire m e n ts  o f  gono­

c o c c i  d u r in g  p r im a ry  i s o l a t i o n  and, a l s o ,  to examine the  e f f e c t  o f  

g a se o u s  e n v iro n m e n ts  o th e r  th an  carbon  d io x id e .
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Wherry and O l iv e r  (U) i n  1916 c a l l e d  a t t e n t i o n  to  th e  f a c t  t h a t  

th e  gonococcus i s  a p a r t i a l  o x y g e n - te n s io n  o rg an ism . In  p ro d u c in g  a 

p a r t i a l  oxygen t e n s io n  th e y  made u s e  o f  a method employed hy an e a r l i e r  

w orker i n  c u l t i v a t i n g  B r u c e l l a  a b o r t u s .  By means o f  ru b b e r  tu b in g  th ey  

f a s t e n e d  t o g e th e r  an a g a r  s l a n t  tu b e  on which g o n o r rh e a l  m a te r i a l  was 

i n o c u la te d  and a n o th e r  s l a n t  tube c o n ta in in g  a. t r a n s f e r  o f  B. s u b t i l i s .

The gas exchange betw een th e  tu b es  took  p l a c e  th ro u g h  th e  c o t to n  .p lugs . 

Wherry and O l iv e r  f e l t  th e  s u c c e s s fu l  grow th  o f  th e  gonococcus was due 

to  the  lo w er in g  o f  th e  oxygen te n s io n  by B a c i l l u s  s u b t i l i s .  S im ila r  

inoculum  u n d e r  a tm o sp h e r ic  c o n d i t i o n s  f a i l e d  to  y i e l d  grow th  o f  gono co cc i.

During an i n v e s t i g a t i o n  o f  th e  c u l t u r a l  r e q u i re m e n ts  o f  th e  gono­

co ccu s ,  Chapin (9 )  t e s t e d  th e  i n f lu e n c e  o f  ca rbon  d io x id e .  He f e l t  t h a t  

th e  ca rb o n  d io x id e  t e n s io n  p r e s e n t  in  l i v i n g  t i s s u e s ,  which he gave as  

f i v e  to seven cm. o f  m ercury , was th e  l o g i c a l  t e n s io n  to  employ i n  

growing g o n o c o c c i .  In  i s o l a t i n g  th e  c o c c i  from u r e t h r a l  e x u d a te ,  Chapin 

found  t h a t  a ca rb o n  d io x id e  t e n s io n  o f  ap p ro x im a te ly  te n  p e r  c e n t  caused  

a  more v ig o ro u s  g row th  o f  th e  o rg an ism s  th a n  normal a i r .  The gas  was 

s u p p l ie d  by t r e a t i n g  sodium b ic a r b o n a te  w i th  s u l f u r i c  a c id .  Chapin 

s t r e s s e d  th e  im p o rtan ce  o f  a  m o is t  a tm o sp h ere .  He m en tioned , in  h i s  

b r i e f  a r t i c l e ,  t h a t  a  c a n d le  had b een  found  to  supp ly  s u f f i c i e n t  carbon  

d io x id e  f o r  good grow th .

R u ed ig e r  ( 6 ) ,  r e p o r t i n g  on th e  s u c c e s s fu l  r e c o v e ry  o f  gonococci 

from t h r e e  c a s e s  o f  g o n o rrh e a l  i n f e c t i o n ,  announced t h a t  a  v ig o ro u s  

g row th  was o b ta in e d  by e x c lu d in g  th e  a i r  from c u l t u r e  tubes  by means 

o f  ru b b e r  s to p o e r s .

Schwartz (7 )  fo u n d ,  s i m i l a r l y ,  t h a t  e x c lu d in g  a i r  from c u l t u r e  tu b es
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gave b e t t e r  r e s u l t s  th a n  i n c u b a t i n g  th e  g o n o co cc i  u n d e r  a tm o s p h e r ic  

c o n d i t i o n s .  By h e a t i n g  th e  t o p s  o f  h i s  tu b e s  i n  t h e  f la m e  b e f o r e  s to p ­

p e r i n g ,  he s e c u re d  a  r e d u c t i o n  i n  a tm o s p h e r ic  p r e s s u r e  o f  a b o u t  t e n  

p e r  c e n t .  He c o n c lu d e d ,  a l s o ,  t h a t  m o i s tu r e  i s  e s s e n t i a l  f o r  g ro w th .

R ockw ell and McXhann (S) have b een  q u o ted  i n  th e  l i t e r a t u r e  a s  

a s s e r t i n g  t h a t  g ro w th  o f  g o n o co cc i i s  f a c i l i t a t e d  by  th e  p r e s e n c e  o f  

h yd rogen  g a s .  T h is  s t a t e m e n t  i s  l i k e l y  to  be m is le a d in g  u n l e s s  i t  i s  

u n d e r s to o d  t h a t  th e  p r im a ry  i s o l a t i o n s  o f  th e s e  w o rk e rs  were o b t a in e d  

i n  a tm o sp h e re s  a l t e r e d  by g ro w th  o f  B a c i l l u s  s u b t i l i s .  In  s tu d y in g  th e  

a d a p t a t i o n  o f  g o n o c o c c i  to  v a r i o u s  g a s e o u s  e n v iro n m e n t they  fo u n d  t h a t  

c u l t u r e s  i s o l a t e d  u n d e r  p a r t i a l  oxygen t e n s i o n  grew in  p u re  hydrogen  

b u t  n o t  i n  ca rb o n  d io x id e  and oxygen . A f t e r  g ro w th  f o r  some tim e u n d e r  

a tm o sp h e re s  o f  h y d ro g en  th e  o rg a n ism s  seemed to  become more s e n s i t i v e  

to  th e  i n h i b i t i n g  i n f l u e n c e  o f  c a rb o n  d io x id e  and oxygen, b u t  g row th  

was s t i l l  e x c e l l e n t  u n d e r  p a r t i a l  t e n s i o n .  They found  t h a t  when s t r a i n s  

i s o l a t e d  a t  p a r t i a l  t e n s i o n  would n o t  grow tinder  p u r e  c a rb o n  d io x id e  

o r  p u re  oxygen, th e y  c o u ld  be a d a p te d  to  do so .

In  1922 E r i c k s o n  and A l b e r t  (9 )  r e p o r t e d  t h e i r  e x p e r i e n c e s  i n  

c u l t i v a t i n g  g o n o c o c c i .  L ik e  th e  e a r l i e r  w o rk e rs  th e y  s t r e s s e d  th e  

im p o r ta n c e  o f  m o is t  m edia  and m o is t  a tm o sp h e re .  They t e s t e d  th e  methods 

d e s c r i b e d  by Wherry and O l iv e r  and o t h e r s  f o r  p r o d u c in g  a re d u c e d  oxygen 

t e n s i o n  and fo u n d  no a d v a n ta g e  o v e r  t h e  oxygen t e n s i o n  o f  norm al a i r .

They co n c lu d e d  t h a t  th e  s a t i s f a c t o r y  r e s u l t s  o f  i n v e s t i g a t o r s  u s in g  

r e d u c e d  oxygen t e n s i o n  was due to  an  i n c r e a s e d  amount o f  m o is tu r e  b ro u g h t  

a b o u t  by th e  te c h n iq u e  employed to  e x c lu d e  a i r .

In  th e  same y e a r  T o rrey  and B u c k e l l  (1 0 )  p u b l i s h e d  an  a c c o u n t  o f
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e x t e n s iv e  work on th e  p r im a ry  i s o l a t i o n  o f  g o n o c o c c i .  L ik e  E r ic k s o n  

and  A l b e r t  th e y  fo u n d  a  r e d u c e d  oxygen t e n s io n  to  p ro v e  i n  no way 

s u p e r i o r  to  m o is t  a i r  o f  norm al p r e s s u r e .  E n richm en t o f  th e  a tm os­

p h e re  w i th  c a rb o n  d io x id e  a c c o rd in g  to  C h a p in 's  method l i k e w i s e  

y i e l d e d  no b e t t e r  r e s u l t s  th an  norm al a i r .

The i n t r o d u c t i o n  o f  th e  d i r e c t  o x id a s e  r e a c t i o n  a s  an  a i d  i n  

i d e n t i f y i n g  the  gonococcus  i n  mixed c u l t u r e ,  by McLeod, C o a te s  e t  a l .

(1 1 )  i n  193^* f o c u s e d  th e  a t t e n t i o n  o f  w o rk ers  on th e  g e n e r a l  c u l t u r a l  

m ethods o f  th e  E n g l i s h  i n v e s t i g a t o r s .  McLeod and h i s  c o l l e a g u e s  

e n d o rse d  th e  xxse o f  an i n c r e a s e d  c a rb o n  d io x id e  t e n s i o n  o f  e i g h t  p e r  

c e n t ,  i n c u b a t i n g  t h e i r  c u l t u r e s  u n d e r  th e  e n r i c h e d  c a rb o n  d io x id e  atmos­

p h e r e  f o r  2k  h o u r s ,  f o l lo w e d  by i n c u b a t i o n  in  normal a i r  f o r  2k  h o u r s .  

T h e ir  c h o ic e  o f  a  c a rb o n  d io x id e  t e n s i o n  o f  e i g h t  p e r  c e n t  r e s u l t e d  

from  in c u b a t in g  g o n o r rh e a l  m a t e r i a l  u n d e r  t e n s i o n s  o f  f o u r ,  e i g h t  and 

s i x t e e n  p e r  c e n t  a tm o sp h e re s  o f  c a rb o n  d io x id e .  In  a s h o r t  s e r i e s  o f  

spec im ens, th e  r e s u l t s  a p p e a re d  to  be b e s t  i n  th e  m idd le  am ount, to 

q uo te  th e  a u t h o r s .  As t h i s  a p p ro x im a te d  th e  te n  p e r  c e n t  recommended 

by Chapin i t  was a d o p te d  f o r  r o u t i n e  w ork. A c c o rd in g  to t h e i r  o b s e rv a ­

t i o n s  o l d  s to c k  s t r a i n s  o f  g o n o co cc i w ere n o t  a id e d  i n  t h e i r  g row th  by 

c a rb o n  d io x id e .  The e f f e c t  o f  an a tm osphere  o f  hyd rogen  was a l s o  t r i e d  

on p r im a ry  c u l t u r e ,  i n  a few 1 . s t a n c e s ,  b u t  no w o rth w h ile  a d v a n ta g e s  

were o b s e rv e d .

The o b s e r v a t i o n s  o f  McLeod and h i s  a s s o c i a t e s  i n  r e g a rd  to  o p tim a l 

a tm o so h e r ic  c o n d i t i o n s  a r e  o f  i n t e r e s t .

"The g e n e r a l  im p re s s io n  l e f t  by th e s e  o b s e r v a t io n s  ( th o s e  sum­

m a r iz e d  above) i s  t h a t  t h e r e  a r e  some s t r a i n s  o f  gonococcus w hich a r e
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fa v o red  in  t h e ir  grow th a t  th e  o u t s e t  by an atm osphere o f  r a i s e d  carbon  

d io x id e  c o n te n t . T his may he due to need  f o r  some d e l i c a t e  adjustm ent  

o f  r e a c t io n  w hich i s  m ost e a s i l y  d ev e lo p ed  in  a  carbon d io x id e  atmos­

phere or to the f a c t  th a t  the gon ococcu s i s  a m icro-organ ism  more h ig h ly  

adapted  than m ost to i t s  g a seo u s environm ent and one w hich , t h e r e fo r e ,  

grows b e s t  a t  f i r s t  in  a c o n c e n tr a t io n  o f  carbon d io x id e  approxim ating  

th a t  w hich e x i s t s  in  th e t i s s u e s ."

Leahy and  C a r p e n te r  (1 2 )  i n t r o d u c e d  th e  m ethods  o f  McLeod and  h i s  

c o -w o rk e r s  to  t h i s  c o u n t r y  w i th  some m o d i f i c a t i o n s .  They u s e d  an  i n ­

g e n io u s  m anom etr ic  m ethod o f  m e a su r in g  the  c a rb o n  d io x id e  s u p p l i e d  by 

ta n k  to  s e a l e d  c u l t u r e  j a r s .  Of 6 l  s t r a i n s  o f  g o n o c o c c i  i s o l a t e d  u n d e r  

a  t e n  p e r  c e n t  c a rb o n  d io x id e  t e n s i o n ,  o n ly  ^2 g rew  i n  a  j a r  i n  w hich  

t h e  g a s e o u s  e n v iro n m e n t  had n o t  b een  a l t e r e d .  In  t h i s  s e r i e s  th e  r e l a ­

t i v e  h u m id i ty  i n  th e  two c u l t u r e  j a r s  was s u p p o s e d ly  th e  same. W hether 

o r  n o t  th e  a u t h o r s  t e s t e d  o t h e r  c o n c e n t r a t i o n s  o f  c a rb o n  d i o x i d e  b e f o r e  

a d o p t in g  an e n r ic h m e n t  o f  t e n  p e r  c e n t  i s  n o t  i n d i c a t e d .

Spink and K eefer  (13)»  l i k e  C hapin, found th a t  a ca n d le  burned in  

the c u ltu r e  ja r  f a c i l i t a t e d  prim ary i s o l a t i o n  o f  g o n o c o c c i.

C h r i s t e n s e n  and S c h o e n le in  ( 2 )  c u l t u r e d  122 c l i n i c  spec im en s  from 

g o n o r r h e a l  p a t i e n t s  i n  m u l t i p l e  p l a t i n g s ,  s u b j e c t i n g  each  s e t  o f  p l a t e s  

to  th e  f o l lo w in g  c o n d i t i o n s :

( 1 )  Carbon d i o x i d e  s u p p l i e d  by c a n d le

( 2 )  Carbon d io x id e  ( a p p ro x .  10  p e r  c e n t )  s u p p l i e d  by p l a c i n g  
m o is te n e d  o a t s  i n  t h e  c l o s e d  c o n t a i n e r .

( 3 )  Carbon d i o x i d e  s u p p l i e d  by  a c t i o n  o f  s u l f u r i c  a c i d  on sodium 
b i c a r b o n a t e

(H) 8 -1 0  p e r  c e n t  c a rb o n  d io x id e  s u p p l i e d  by ta n k

( 5 )  M o is t  a i r
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The number o f  s t r a in s  i s o l a t e d  by the r e s p e c t iv e  methods w ere:

( l )  71 ( 2 ) 69 ( 3 ) 70 (H) 70 ( 5 ) Sb

They n oted  a ls o  th a t  pure c u l tu r e s  o f  the gon ococcu s p r e v io u s ly  

i s o l a t e d  do n ot r e q u ir e  carbon d io x id e  fo r  grow th.

D uring the yearB 1935 and 193& some in t e r e s t in g  work was p u b lish e d  

in  Q-ermany on th e  a tm osp h eric  req u irem en ts o f  th e  go n o co ccu s. Neumann 

( lH , 1 3 ) in v e s t ig a t e d  th e  a b i l i t y  o f  prim ary s t r a in s  o f  g o n o co cc i to 

grow under a e r o b ic  and an a ero b ic  c o n d it io n s ,  reduced  o x y g e n t  e n s io n  and 

in c r e a s e d  carbon d io x id e  te n s io n . To o b ta in  a n a ero b ic  c o n d it io n s  he 

u sed  th e method o f  F o r tn er  ( l 6 ) w ith  s l i g h t  m o d if ic a t io n s .  B acterium  

p r o d ig io s u s  was th e  organism  u sed  to  consume oxygen . The a n a ero b ic  

method was abandoned a f t e r  th e  o b se r v a tio n  th a t gon ococcu s c o lo n ie s  in  

the F o r tn er  p la t e  a t ta in e d  t h e ir  maximum s iz e  in  2b h o u rs, w hereas a  

s t r i c t  an aerob e, in o c u la te d  a lon g  w ith  the g o n o rrh ea l m a te r ia l ,  f i r s t  

became v i s i b l e  a t  about t h is  tim e. Neumann reason ed  th a t th e  g o n o co cc i 

d ev e lo p ed  d uring a p e r io d  o f  reduced oxygen te n s io n  and c e a se d  growth  

when a n a ero b ic  c o n d it io n s  were a t ta in e d .  He term ed th e  a n a ero b ic  p la te  

the "B” p la t e  m ethod.

To o b ta in  red u ced  oxygen te n s io n ,  or p a r t ia l  vacuum, Neumann in ­

v e r te d  th e  m edium -contain ing h a lf  o f  a P e t r i  d is h  on a g la s s  p la t e  o f  

13 x  13 cm. d im en sio n s w hich had been  h ea ted  in  a f la m e . The P e tr i  

d is h  was s e a le d  in  p la c e  by p l a s t i c i n e .  This method he c a l l e d  the "C" 

p la t e  m ethod. He d eterm in ed , by means o f  a s e n s i t iv e  w ater manometer, 

th a t  a p r e s su r e  d e cr ea se  co n tin u ed  in  u n in o c u la te d  "0 " p la t e s  d uring  

in c u b a t io n . T his d ec r ea se  he a t tr ib u te d  to the red u cin g  a c t io n  o f  the  

a g a r . Reduced oxygen te n s io n  in  th e  "CM p la t e ,  th e r e fo r e , was a t ta in e d  

by h e a t in g  th e g la s s  p la t e s  and by a c t io n  o f  the medium.
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F o r the  c a rb o n  d io x id e  e n r i c h e d ,  o r  "D" p l a t e  method, Neumann 

p la c e d  an i n o c u l a t e d  h a l f  o f  a  P e t r i  d i s h  on an  u n h e a te d  g l a s s  p l a t e ,  

b u t  p ushed  a  p i e c e  o f  d ry  i c e  u n d e r  th e  d i s h  b e f o r e  m olding  th e  p l a s t i ­

c in e  i n  p l a c e .  A cco rd in g  to  th e  a u t h o r ,  "The ca rb o n  d io x id e  volume 

n e c e s s a r y  f o r  gonoccus grow th  may be a b o u t  t e n  p e r  c e n t .  Such a  l a r g e  

volume i s  n o t  n e c e s s a r y ,  however. Through numerous c o m p ara t iv e  e x p e r i ­

ments I have found  e m p i r i c a l l y ,  w i th o u t  m easurem ent, t h a t  a  p i e c e  o f  

d ry  i c e  th e  s i z e  o f  a  p e a  s u p p l i e s  a l l  r e q u i r e m e n t s .  . . . w i t h  a  p ie c e  

o f  d ry  i c e  th e  s i z e  o f  a b ean  th e r e  may deve lop  enough ca rb o n  d io x id e

to  i n h i b i t  th e  g row th  o f  g o n o c o c c i ."

U sing  th e  a e r o b i c ,  o r  "A" p l a t e ,  th e  "C" and "D" p l a t e ,  Neumann 

o b ta in e d  th e  f o l lo w in g  r e s u l t s  i n  a  t o t a l  o f  l 6 l  s t r a i n s  o f  gonococci 

i s o l a t e d :  113 grew a e r o b i c a l l y ;  30 g rew  u n d e r  red u c e d  oxygen t e n s i o n

and ca rb o n  d io x id e ;  li5 grew u n d e r  ca rb o n  d io x id e  o n ly .  However, a l l

s t r a i n s  grew u n d e r  ca rb o n  d io x id e .

W in k le r  (1 7 )  u s e d  th e  te c h n iq u e  o f  Neumann and co nc luded  t h a t  th e r e  

a r e  a e r o b ic  g o nococc i  w hich grow o n ly  on th e  "A" p l a t e s ;  t h a t  t h e r e  a r e  

go nococc i w hich grow o n ly  on th e  "C" o r  "D" p l a t e s ;  t h e r e  a r e  a l s o  s t r a i n s  

which can  grow on a l l  p l a t e s  w i th o u t  r e g a r d  to  oxygen c o n t e n t .  The r a t i o  

i n  w hich  th e s e  t h r e e  g ro u p s  o f  s t r a i n s  e x i s t  to  one a n o th e r  i s  abou t 

1 : 1 : 1 .  The b e s t  methods o f  c u l t i v a t i n g  th e  gonococcus a r e  normal and 

ca rb o n  d io x id e  e n r i c h e d  a tm o sp h e re s .

S ince  th e  work o f  McLeod, C oates  e t  a l  ( 1 1 ) ,  t h e r e  i s  agreem ent 

among i n v e s t i g a t o r s  t h a t  ca rb o n  d io x id e  e n r ic h e d  a tm o sp h eres  f a c i l i t a t e  

grow th  o f  most s t r a i n s  o f  g o n o c o c c i .  There i s  ag reem en t,  a l s o ,  t h a t  a  

p e r c e n ta g e  o f  a p p ro x im a te ly  t e n  p ro d u c e s  th e  b e s t  r e s u l t s .  I t  i s  in ­

t e r e s t i n g  to n o te  why th e  d i f f e r e n t  w orkers  a r r i v e d  a t  t h a t  p e r c e n ta g e .
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In  th e  c a s e  o f  C hapin  (5 )  who p r e c e d e d  McLeod, th e  t e n s io n  o f  the  

c a rb o n  d io x id e  i n  l i v i n g  t i s s u e s  i n f l u e n c e d  h i s  c h o ic e .  A cco rd in g  to  

him th e  t e n s i o n  v a r i e s  from  f i v e  to  seven  cm. o f  m ercu ry . H is  f i g u r e s  

a r e  a t  v a r i a n c e  w i th  th o s e  o f  Campbell (1 8 )  who d e te rm in e d  th e  ca rb o n  

d io x id e  t e n s i o n  i n  su b c u ta n e o u s  t i s s u e  and i n  th e  p l e u r a l  and p e r i t o n e a l

c a v i t i e s  o f  man a s  e q u i v a l e n t  to  f o u r  to  f i v e  cm. o f  m ercu ry .  In  normal

u r i n e  o f  man Cairrpbell fo u n d  th e  t e n s i o n s  to  be th e  same. T ran sp o sed  

i n t o  -p e rc e n ta g e s ,  the  t e n s io n s  d e te rm in e d  by Campbell wo til d be from  5*3 

to 6 .6 ;  th e  t e n s io n  a s  s t a t e d  by Chapin  would be from  6 .6  to  9*2 p e r  

c e n t .

McLeod and h i s  c o l l e a g u e s  c i t e  th e  work o f  Chapin and th e  su c c e s s ­

f u l  c u l t i v a t i o n  o f  B r u c e l l a  a b o r t u s  u n d e r  te n  p e r  c e n t  c a rb o n  d io x id e

as  r e a s o n s  f o r  i n v e s t i g a t i n g  th e  e f f e c t  o f  t h i s  g a s .  I t  h as  b een  s t a t e d  

b e fo re  t h a t  th e s e  w o rk e rs  f i x e d  on e i g h t  p e r  c e n t  a s  optimum, a f t e r  a  

s h o r t  s e r i e s  o f  c o m p a r iso n s .  Leahy and  C a rp e n te r  (1 2 )  i n v e s t i g a t e d  th e  

work o f  McLeod and a d o p te d  te n  p e r  c e n t  a s  th e  p e r c e n ta g e  o f  c h o ic e ,  

p o s s i b l y  from  u n p u b l i s h e d  d a t a .  Neumann ( lU , 15) a p p a r e n t ly  made no 

m easurem ent o f  th e  c a rb o n  d io x id e  f u r n i s h e d  in  h i s  ”D” p l a t e s  b u t  ju dged  

i t  to be  a b o u t  te n  p e r  c e n t .  I t  i s  p r o b a b le  t h a t  th e  work o f  th e  f o r e ­

going i n v e s t i g a t o r s  i n f l u e n c e d  Neumann i n  naming a te n  p e r  c e n t  ca rbon  

d io x id e  t e n s i o n  a s  th e  d e s i r a b l e  c o n c e n t r a t i o n .

In  t h i s  c o u n t ry  th e  methods o f  c u l t u r e  a d v o c a te d  by C a rp e n te r  a r e  

w id e ly  u s e d .  In  h i s  s e c t i o n  on "The Gonococcus” , " D ia g n o s t ic  P ro c e d u re s  

and R e a g e n t s , ” l? U l  ( 1 9 ) ,  C a rp e n te r  a d v i s e s  th e  u s e  o f  a  c a rb o n  d io x id e  

e n r i c h e d  a tm osphere  w hich may be o b t a in e d  i n  t h r e e  ways;

( l )  10 p e r  c e n t  by ta n k  w i th  a p p ro x im a te  d e t e r m in a t io n  o f  gas 
t e n s io n  by manometer

4
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(2 )  By ■burning a  c a n d le  i n  th e  c u l t u r e  j a r  "before p l a c i n g  on th e  
l i d

(3 )  3y u s e  o f  EaHCO^ and H^SO^

One i n f e r s  t h a t  e q u a l ly  good r e s u l t s  may he o b ta in e d  by a l l  o f  

th e s e  m ethods.

S in c e ,  a c c o r d in g  to  C h r i s te n s e n  and  S ch o e n le in  ( 2 ) ,  th e  c a n d le  

method p r o v id e s  a d e q u a te  g row th  s t i m u l a t i o n  o f  g o nococc i a s  w e l l  a s  

e i g h t  to  te n  n e r  c e n t  ca rbon  d io x id e  s u n n l ie d  by t a n k ,  th e  l o g i c a l  f i r s t  

s te p  i n  t h i s  i n v e s t i g a t i o n  was the  d e te r m in a t io n  o f  th e  ca rb o n  d io x id e  

t e n s io n  s u p n l ie d  by c a n d le .

GAS ANALYSES

The c u l t u r e  j a r s  u se d  were heavy b r a s s  c y l i n d e r s  f i t t e d  w i th  i n l e t  

and o u t l e t  n i p p l e s  i n  th e  l i d s .  The l i d s  were made a i r - t i g h t  by means 

o f  s o f t  ru b b e r  g a s k e t s  and wing n u t s .  The c y l i n d e r s  were o r i g i n a l l y  

d e s ig n e d  f o r  m o d i f ie d  E i ld e s -M a c ln to s h  a n a e ro b ic  j a r s ,  os  d e s c r ib e d  by 

Cummings ( 2 0 ) ,  b u t  s e rv e d  e x c e l l e n t l y  f o r  gonococcus c u l t u r e .  By t e s t  

they  were fo u n d  c a p a b le  o f  h o ld in g  a  p a r t i a l  vacuum o f  40 cm. o f  m ercury 

f o r  Ug h o u rs ,  a s  m easured  on a  U -tyue  open m anom eter. The t o t a l  cap a ­

c i t y  was a p p ro x im a te ly  s i x  l i t e r s .

In  p r e p a r i n g  th e  j a r s  f o r  t e s t ,  a  " sm okeless"  c a n d le  was p la c e d  

i n  th e  bo ttom  o f  th e  c o n t a i n e r  and l i g h t e d .  The c a n d le  was a l lo w e d  to 

b u rn  f i v e  m in u te s  b e f o r e  th e  j a r  l i d  was f i t t e d  i n  p l a c e .  B u rn in g  th e  

c a n d le  f o r  v a r y in g  l e n g t h s  o f  tim e b e f o r e  p u t t i n g  on th e  l i d  made no 

marked d i f f e r e n c e  i n  th e  carb o n  d io x id e  c o n te n t  f u r n i s h e d .  The j a r s  

were a l lo w e d  to s ta n d  o v e r n ig h t  o r  some hours  b e f o re  t e s t i n g  i n  o rd e r  

f o r  th e  g a s e s  to come to  room te m p e r a tu re .  At 20 to  2U d e g re e s  

c e n t i g r a d e  i t  was n o te d  t h a t  a  p a r t i a l  vacuum e x i s t e d  i n  th e  c a n d le  j a r s .
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This p a r t ia l  vacuum when measured on the open manometer was found to 

vary between fou r to seven cm. o f mercury.

A m odified  Henderson-Haldane apparatus was used  in  p re lim in a ry  

carbon d io x id e  and oxygen d eterm in a tio n s, but co n sta n t r e s u lt s  were 

n ot o b ta in ed  w ith  t h is  d e v ic e . The p o s s ib le  sou rces o f erro r  appeared 

to be due in  p a r t to the apparatus and in  p a rt to f a u lty  m an iou la tion . 

The samnle o f  ten  c c .  o f  gas which the Henderson apparatus t e s t s ,  and 

the slow  ab sorp tion  o f  both carbon d io x id e  and oxygen by notassium  

hydroxide and a lk a l in e  p y r o g a llo l ,  r e s p e c t iv e ly , are fa c to r s  which  

tend to cause e r r o r . A fter  rep eated  t e s t s  w ith  d if f e r e n t  ja r s  in  which 

the volum es v a r ied  s l i g h t l y ,  the average p ercen ta g es  o f  the g a se s  were 

determ ined as:

Carbon d io x id e  1 .7 5  to 1 .8 5

Oxygen 1 7 .5  to 17*23

I t  was brought to our a t te n t io n  sh o r tly  a f t e r  th e se  p re lim in a ry  

t e s t s  th a t Hye and Lamb (2 1 ) had made d eterm in ation s o f  the carbon  

d io x id e  and oxygen co n ten t o f sea led  museum ja r s  in  which a can d le had 

been burned. These d eterm in ation s were made in  the course o f  study  

on th e e f f e c t  o f  carbon d io x id e  te n s io n  in  the prim ary i s o la t io n  o f  

s tr e p t o c o c c i , m eningococci and gonococci from pus and body f lu i d s .  ITo 

m ention was made by the authors o f  the apparatus used  in  o b ta in in g  the 

fo llo w in g  p ercen ta g es  o f  gases:
B efore Incubation  A fter  U8 hours

Small can d le ja r  (12  x 20 cm.) 
p er cen t carbon d io x id e  
per cen t oxygen

Large can d le ja r  (15 * 30 cm.) 
ner cen t carbon d iox id e  
p er cen t oxygen

1 .7 ^
17 .87

2.91  
lG . 7o

1 .8 5
18.00

3.08
16.56
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l t  w i l l  be n o te d  t h a t  th e  c a rb o n  d io x id e  t e n s i o n  d e te rm in e d  b y  Hye 

and Lamb was h ig h e r  th a n  t h a t  o b t a in e d  by o u r  m easu rem en t.  The l a r g e  

c a n d le  j a r  i n  th e  above  t a b l e  had a  c a p a c i t y  o f  a b o u t  5300 c c . , w h i le  

th e  j a r s  u sed  i n  t h i s  s tu d y  v a r i e d  from  5900 c c .  to  6000 c c .

B ecau se  o f  t h i s  d i s c r e p a n c y  i n  d e t e r m in a t i o n s  i t  woe d e c id e d  to 

s u b s t i t u t e  an  a n p e r a t u s  u s in g  an  a s c a r i t e  t r a i n  f o r  th e  KOH a b s o r p t i o n  

b o t t l e  o f  th e  H enderson -H aldane  a n a l y s e r .

F ig u re  1

The d iag ram  g iv e n  above shows th e  a s c a r i t e  a p p a r a tu s  w i th  i t s  v a r i o u s  

u n i t s  s e t  up f o r  c a rb o n  d io x id e  d e t e r m in a t i o n .

In  o p e r a t i o n ,  v a lv e  B was opened  and th e  two-way s to p c o c k * '^  

t u r n e d  to  c o n n e c t  th e  150 c c .  sample b o t t l e  w i t h  th e  c a n d le  j a r .  The 

m ercu ry  r e s e r v o i r  was lo w ered  u n t i l  t h e  m ercury  i n  th e  sample b o t t l e
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r e a c h e d  th e  150 c . c .  mark on. th e  g l a s s  shank s e a l e d  to th e  bo ttom  o f  

th e  sample b o t t l e .  A s l i g h t  vacuum was th e n  i n d i c a t e d  on th e  open mano­

m e te r .  Calcium  c h l o r i d e  s o lu t io n *  was a l lo w e d  to  f lo w  in to  th e  c a n d le  

j a r  u n t i l  th e  m ercury  columns o f  th e  manometer were l e v e l .  S topcock C 

was th e n  tu r n e d  to c o n n e c t  th e  sample b o t t l e  w i th  th e  tube  l e a d i n g  to 

D, a  b o t t l e  o f  c o n c e n t r a t e d  s u l f u r i c  a c id .* *  A two-way s to p c o c k  S was 

opened to  th e  a i r .  The m ercury  r e s e r v o i r  was r a i s e d ,  f o r c i n g  th e  gas 

i n  th e  sample b o t t l e  to  b u b b le  th ro u g h  th e  a c id  i n  D. Two 1^0 c c .  por­

t i o n s  o f  g as  were f o r c e d  th ro u g h  D b e f o re  a  sample was s e n t  th ro u g h  

th e  a s c a r i t e  t r a i n .  This  was done to  c le a n  th e  a c id  b o t t l e  and the  

tu b in g  o f  p r e v io u s  g as  sam ples .  In  sen d in g  a g as  sanvnle th ro u g h  th e  

t r a i n  th e  o p e r a t i o n s  j u s t  d e s c r ib e d  were r e p e a t e d ,  e x cep t  t h a t  s to p ­

cock 2  was tu rn e d  to  c o n n e c t  D w i th  th e  a s c a r i t e  b o t t l e s  F end G-.

The g l a s s  v a lv e s  in  F and G were opened  and the  g a s  then  f o r c e d  th rough  

th e  a s c a r i t e .  B o t t l e  "F" was weighed on an a n a l y t i c a l  b a la n c e  and the  

i n c r e a s e  i n  w e ig h t due to  a b s o r p t io n  o f  ca rb o n  d io x id e  was d e te rm in e d  

by s u b t r a c t i n g  f i n a l  w e ig h t from  i n i t i a l  w e ig h t .  B o t t l e  "G" was u sed  

to  e l im in a t e  a b s o r p t io n  o f  ca rbon  d io x id e  from a i r  i n  the  t e s t  t r a i n .

T h is  p r e c a u t i o n  was f e l t  to  be n e c e s s a r y  s in c e  a  p a r t i a l  vacuum developed  

i n  th e  a s c a r i t e  b o t t l e s .

C a lc u l a t i o n  o f  th e  p e r  c e n t  o f  ca rb o n  d io x id e  i n  a sample was made 

by m u l t i p l y in g  th e  w e ig h t  o f  ca rbon  d io x id e  i n  grams by th e  c o n v e r s io n  

f a c t o r  509. T h is  v a lu e  in  c u b ic  c e n t im e te r s  was d iv id e d  by 150, the  

volume o f  th e  sam ple . C o r r e c t io n  f o r  b a ro m e tr ic  p r e s s u r e  and te m p e ra tu re

* HOfi ca lc iu m  " c h lo r id e  s o l u t i o n .  Carbon d io x id e  i s  a o n ro x im a te ly  l / l 6  
a s  s o lu b le  in  t h i s  s o lu t i o n  as  in  w a te r .

** The s x i l fu r ic  a c id  was u sed  to  remove m o is tu re  from the  g a s .
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was made and t h i s  v a l u e  m u l t i p l i e d  b y  100 .

The p e r c e n t a g e s  o f  c a rb o n  d io x id e  d e te rm in e d  by t h i s  m ethod were 

fo u n d  to  v a r y  s l i g h t l y ,  b u t  v e r y  c l o s e  ag reem en t was o b t a in e d  i n  

sam p les  from  th e  same j a r .  The r a n g e  was from 2 .2 5  P©r c e n t  to  2 .35* 

w i th  th e  a v e ra g e  2.29  P©r c e n t .

PLAIT OP THE STUDY 

The c o n ce rn  o f w o rk e rs  i n t e r e s t e d  i n  d e m o n s t r a t in g  th e  e f f e c t  o f  

g a se o u s  en v iro n m e n t h a s  b e e n ,  c h i e f l y ,  w i th  th e  p rob lem  o f  how many 

s t r a i n s  o f  g o n o c o c c i  i n  a  s e r i e s  o f  spec im ens  c o u ld  be i s o l a t e d  u n d e r  

c a rb o n  d io x i d e ,  a tm o s p h e r ic  a i r ,  o r  o t h e r  c o n d i t i o n s .  Prom th e  l i t e r a ­

t u r e  i t  a p p e a r s  t h a t  a  wide d i f f e r e n c e  e x i s t s  b e tw een  th e  g ro w th -s t im u ­

l a t i n g  p r o p e r t i e s  o f  ca rb o n  d io x id e  and  o t h e r  g a s e o u s  c o n d i t i o n s .  

T h e re f o re ,  no c l o s e  e s t i m a t i o n  o f  th e  p o p u l a t i o n s  m a in ta in e d  by  th e  

d i f f e r e n t  e n v iro n m e n ts  h a s  b een  n e c e s sa ry *

Our p u m o s e ,  a s  s t a t e d  a t  th e  b e g in n in g  o f  th e  r a p e r ,  h a s  b een  to 

d e f i n e  th e  o p t im a l  l i m i t s  o f  c e rb o n  d io x id e  s t i m u l a t i o n  a s  w e l l  a s  to 

i n v e s t i g a t e  th e  e f f e c t  o f  g a s e s  o t h e r  th a n  c a rb o n  d io x id e .  A p l a t e  

c o u n t  a s  a means o f  a r r i v i n g  a t  th e  r e l a t i v e  ro ry u la t io n  s u s t a i n e d  by 

d i f f e r e n t  p e r c e n t a g e s  o f  c a rb o n  d i o x i d e  seemed a n e c e s s i t y .  I t  was 

f e l t  t h a t  t i i i s  same method o f  e s t i m a t i o n  co u ld  be e x te n d e d  to  th e  grow th  

o f  g o n o c o c c i  t inder  re d u c e d  oxygen t e n s i o n  and o t h e r  c o n d i t i o n s .

The d i f f i c u l t y  o f  c o u n t in g  an o rg an ism  w hich c a n n o t  be t r e a t e d  

by th e  p o u r - p l a t e  te c h n iq u e  was r e a l i z e d ,  a s  w e l l  a s  th e  p o s s i b l e  e r ­

r o r s  o f  th e  d i l u t i o n  m ethod. However, o u r  e x p e r ie n c e  in  th e  c u l t u r e  

o f  th e  gonococcus  had ta u g h t  u s  t h a t  a  co u n t  was o o s s i b l e  on s u r f a c e  

p l a t i n g s ,  and  i t  seemed r e a s o n a b le  to  sunpose t h a t  any c o n s id e r a b l e

i
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d i f f e r e n c e  i n  p o p u l a t i o n  c o u ld  be d e t e c t e d .

I t  was r e a l i z e d  t h a t  to  a r r i v e  a t  an  e s t i m a t i o n  o f  th e  l i m i t s  o f

o p t im a l  c a rb o n  d i o x id e  s t i m u l a t i o n  a  f a i r l y  l a r g e  p o p u l a t i o n  o f

g o n o co cc i  m ust be p r e s e n t  i n  each  spec im en . F o r  t h a t  r e a s o n  c u l t u r e

o f  a c u t e  c a s e s  o n ly  was p la n n e d  and c a r r i e d  o u t .

The s tu d y  r e s o l v e d  i t s e l f  i n t o  th e s e  p a r t s :

P a r t  I  Comparison o f  th e  e f f e c t  o f  a tm o sn h e r ic  s i r ,  re d u c e d
oxygen t e n s io n  and c a rb o n  d io x id e .

F a r t  l a  S tudy o f  the  e f f e c t  o f  m o is tu re  on " a e r o b i c 11 s t r a i n s  
o f  g o n o c o c c i .

F o r t  I I  D e te rm in a t io n  o f  th e  o p t im a l  r a n g e  o f  ca rb o n  d io x id e
s t i m u l a t i o n .

P a r t  I l a  E f f e c t  o f  ca rb o n  d io x id e  beyond th e  o p t im a l  r a n g e .

P a r t  I I I  E f f e c t  o f  hydrogen and ca rb o n  monoxide compered w i th
a tm o s n h e r ic  a i r ,  re d u c e d  oxygen t e n s i o n  and c a rb o n  
d io x i d e .

P a r t  I l i a  E f f e c t  o f  n i t r o g e n  compared w i th  a tm o sp h e r ic  a i r ,  r e ­
duced  oxygen t e n s io n  and c a rb o n  d io x id e .

PAST I .  COKPAF.I SO'" OF THE EFFECT OF AC-10 SPHERIC AIR, REDUCED 0XYGE17
TE17SIOI7 A17D CAH30U DIOXIDE

The work o f  ITeumann ( lH , 15) and W inkler (1 7 )  d e m o n s tra te d  t h a t

re d u c e d  oxygen t e n s io n  o b ta in e d  by  p a r t i a l  vacuum c o n t r i b u t e s  to  th e

g ro w th  o f  some s t r a i n s  o f  g o n o c o c c i .  The h ig h  m o is tu r e  c o n te n t  o f  th e

sm a ll  "C" p l a t e s  u s e d  by th e s e  w orkers  may a c c o u n t ,  i n  p a r t ,  f o r  th e

s u c c e s s  o f  t h i s  method o v e r  th e  a e r o b ic  c o n d i t i o n .  ( I t  was n o te d  by

Ueuman t h a t  i n  th e  open in c u b a to r  gonococc i g-rew b e t t e r  i n  s torm y

w e a th e r  th a n  i n  c l e a r . )  I t  i s  n r o b a b le  t n e t  a  sm all amount o f  ca rbon

d io x id e  p ro d u ced  by a t t e n d a n t  o rg an ism s  a l s o  c o n t r i b u t e d  to  g row th  i n

th e  "C" p l a t e s .
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B e f o r e  a t t e m p t i n g  to  d e f i n e  t h e  l i m i t s  o f  o p t im a l  c a r b o n - d io x id e  

s t i m u l a t i o n  i n  t h i s  s tu d y  i t  was f e l t  n e c e s s a r y  to  o b s e rv e  th e  e f f e c t  

o f  r e d u c e d  oxygen t e n s i o n ,  s in c e  t h i s  c o n d i t i o n  n e c e s s a r i l y  acco m p an ies  

e n r ic h m e n t  w i th  c a rb o n  d i o x id e ;  a l s o  i t  was d e s i r e a b l e  to  l e a r n  th e  

e f f e c t  o f  m o i s t u r e ,  s in c e  a  h ig h e r  m o i s tu r e  c o n t e n t  i s  p r e s e n t  i n  th e  

c l o s e d  c o n t a i n e r s  th a n  i n  th e  open i n c u b a t o r .

I t  was ju d g e d  t h a t  i n c u b a t i o n  u n d e r  th e  f o l l o w i n g  c o n d i t i o n s  would 

p e r m i t  a co m p ar iso n  o f  th e  e f f e c t  o f  re d u c e d  oxygen t e n s i o n  and  c a rb o n  

d io x id e  t e n s i o n :

Carbon d i o x i d e ,  te n  p e r  c e n t ,  s u o n l i e d  by t a n k .

P a r t i a l  vacuum e q u a l  to  n in e  cm. o f  m ercu ry  on an open m anom eter. 

(T h is  re d u c e d  oxygen t e n s i o n  i s  e a u i v a l e n t  to  th e  lo w e re d  

t e n s i o n  c r e a t e d  by i n t r o d u c i n g  t e n  p e r  c e n t  c a rb o n  d io x id e  

i n t o  a  c u l t u r e  j a r  by  th e  m anom eteric  method o f  m e a s u re m e n t . )

Carbon d i o x i d e ,  2 .2 9 ±  p e r  c e n t ,  f u r n i s h e d  by b u rn in g  a  c a n d le  i n  

an  a i r - t i g h t  c o n t a i n e r .

P a r t i a l  vacuum e a u a l  to  seven  cm. o f  m ercu ry  on an open m anom eter. 

( I t  was o b s e rv e d  t h a t  a p a r t i a l  vacuum v a r y in g  from  f o u r  to  

seven  cm. o f  m ercu ry  was c r e a t e d  by th e  b u rn in g  o f  a  c a n d le  

I n  a c l o s e d  j a r .  The mean o f  th e s e  f i g u r e s  p l u s  th e  1 .5  cm. 

( a p p r o x . } o f  m e rc u ry ,  r e p r e s e n t i n g  2 p e r  c e n t  c a rb o n  d io x id e ,  

e q u a l s  s e v e n  cm .)

Carbon d io x id e  f u r n i s h e d  by b u r n in g  a  c a n d le  i n  a c o n t a i n e r  whose 

n r e s s u r e  came to  e q u i l i b r i u m  w i th  a tm o s p h e r ic  a i r .

A tm o sp h e r ic  a i r .

i-STHODS

The d e s c r i p t i o n  o f  m a t e r i a l s ,  and te c h n iq u e  w h ich  f o l lo w s  a p p l i e s .

i
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f o r  the  most p a r t ,  to  th e  e n t i r e  s tu d y .  Where a  method a p p l i e s  o n ly  

to  P a r t  I ,  m en tion  h a s  "been made o f  th e  f a c t .

MEDIA

The c h o c o la te  a g a r  o f  D ifco  was u s e d  a s  th e  p l a t e  medium. The 

i n g r e d i e n t s  f o r  th e  a g a r  h a se  were;

P r o te o s e  P e p to n e  ^ 3 .........................................2 .0  p e r  c e n t

E a c to - d e x t r o   ...................................... .............0.05  p e r  c e n t

Sodium c h l o r i d e .................................................. 0 .5  p e r  c e n t

Disodium p h o s p h a t e . . ......................................0 .5  p e r  c e n t

Two grams o f  B a c to -h e m o g lo h in ,  a  d e h y d ra te d  p ro d u c t  from  washed 

h e e f  b lo o d  c o r p u s c l e s ,  were d i s s o l v e d  i n  100 c c .  o f  d i s t i l l e d  w a te r  a t  

50° C. The p a r t i a l  s o l u t i o n  was f i l t e r e d  th ro u g h  c o a r s e  m o is ten ed  

c h e e s e c lo th  to  remove u n d is s o lv e d  p a r t i c l e s  and th en  a u to c la v e d  f o r  20 

m in u te s  a t  121° C*

The a g a r  "base and  s t e r i l e  s o l u t i o n  o f  hem oglobin  were c o o le d  to 

50-55° C. and m ixed. P l a t e s  were p o u re d  w i th  t h i s  m ix tu re ,  a p o r o x i -  

m a te ly  2© c c .  to th e  p l a t e .

The c h o c o la te  a g a r  p l a t e s  were a lw ays n r e p e re d  on th e  day they  were 

to  he i n o c u l a t e d .  I t  was f e l t  t h a t  th e  m o is t  p l a t e s  more th an  comoen- 

s a te d  f o r  o c c a s io n a l  co n ta m in a n ts  in t ro d u c e d  d u r in g  p r e p a r a t i o n .

D i l u t i o n  medium; A s t e r i l e  two p e r  c e n t  s o lu t i o n  o f  p r o te o s e - o e p to n e  #3 

and 0.5  o e r  c e n t  sodium c h l o r id e  were u sed  i n  a l l  d i l u t i o n s  o f  th e  o r i ­

g i n a l  inoculum  s u s p e n s io n .  The pH o f  t h i s  s o l u t i o n  was 7»3»

C o l l e c t i o n  medium; S t e r i l e  a s c i t i c  f l u i d ,  u n d i l u t e d ,  was a d ju s te d  to a  

pH o f  a p p ro x im a te ly  6 .2  by b u b b l in g  Carbon d io x id e  gas  th ro u g h  i t .  The 

f l u i d  was d i s t r i b u t e d  i n  2 c c .  amounts in  s t e r i l e  3 x 3/ 8” tu b e s  and 

th e  tu b e s  were r u b b e r - s to p p e r e d .
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C o l l e c t i o n  Swaba: These were th e  u s u a l  a b s o rb e n t  c o t to n  swabs r o l l e d  

t i g h t l y  on wooden a p p l i c a t o r  s t i c k s .  The amount o f  c o t t o n  was a b o u t  

o n e - f o u r t h  t h a t  u s e d  I n  th e  o r d in a r y  t h r o a t  swab. I t  was p o s s i b l e  w i th  

a  sm all  swab to  e n t e r  th e  male a n t e r i o r  u r e t h r a  w i th o u t  b r u s h in g  th e  

s u r f a c e  o f  the  g l a n s  p e n i s .

C o l l e c t i o n  o f  sp e c im e n s :

W ith th e  e x c e p t io n  o f  one specimen th e  m a t e r i a l  was o b ta in e d  from 

male p a t i e n t s  a t  th e  V en e rea l  D ise a se  C l i n i c  m a in ta in e d  by th e  D e t r o i t  

D epartm ent o f  H e a l th ,  D e t r o i t ,  M ich igan . In  o r d e r  to  o b t a i n  a m oderate  

to  l a r g e  p o p u l a t i o n  o f  g onococc i i n  e a c h  specim en, e x u d a te  was taken  

from a c u te  c a s e s  o n ly .  Male c a s e s  o f  g o n o r rh e a  were s e l e c t e d  s in c e  i t  

i s  p o s s i b l e  to  i s o l a t e  n e a r l y  p u re  c u l t u r e s  o f  go n o co cc i from th e  ex u d a te  

i n  th e  m a t e r i a l  from  a  fem a le  th e  v a g in a l  f l o r a  f r e q u e n t l y  overgrow s th e  

g o n o co cc i  and makes an  e n u m era t io n  o f  th e  p o p u l a t i o n  im p o s s ib le .

C o l l e c t i o n  o f  specim ens was made by th e  a u th o r  i n  th e  m ale d ia g ­

n o s t i c  c l i n i c .  A f t e r  a  d i a g n o s i s  o f  " a c u te  g o n o rrh e a "  was p ronounced  by 

th e  exam in ing  p h y s i c i a n ,  e x u d a te  was o b ta in e d  from  th e  p a t i e n t  by c o t to n  

swab and th e  swab washed o f f  i n  th e  c o l l e c t i o n  medium o f  a s c i t i c  f l u i d .  

The swab was c a r e f u l l y  p r e s s e d  to th e  s id e s  o f  th e  tu b e ,  th en  d i s c a r d e d .  

The tu b e  was l a b e l l e d  w i th  th e  p a t i e n t ' s  c l i n i c  number and s to p p e re d .  

From th e  C l i n i c  L a b o ra to r y  r e s u l t s  o f  s l i d e  e x a m in a t io n  on e x u d a te  from 

ea c h  p a t i e n t  were o b t a in e d .  Only specim ens from  p c u te  c a s e s  i n  which a 

l a b o r a t o r y  r e p o r t  o f  "Oram n e g a t iv e  e x t r a -  o r  i n t r a - c e l l u l a r  d io lo c o c c i  

found" were r e t a i n e d  f o r  c u l t u r e .  The specimen tu b e s  were packed  f o r  

t r a n s o o r t a t i o n  i n  a l a r g e  therm os b o t t l e  c o n ta in in g  c ra c k e d  i c e .

S ince  t r a n s p o r t a t i o n  from th e  V en erea l  D ise a se  C l in i c  i n  D e t r o i t  

to  th e  l a b o r a t o r y  i n  L a n s in g  in v o lv e d  a  d r iv e  o f  two and a  h a l f  h o u rs .
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t h e  i c e d  the rm os  " b o t t l e  was f o u n d  to  b e  a  n e c e s s i t y  i n  p r e v e n t i n g  o v e r ­

g ro w th  o f  s e c o n d a ry  o r g a n i s m s  i n  t h e  c o l l e c t i o n  f l u i d .  T h is  was p a r ­

t i c u l a r l y  t r u e  i n  summer w e a t h e r .  O f t e n  a  t ime i n t e r v a l  o f  s i x  h o u r s  

e l a p s e d  f rom  t h e  ta lc in g  o f  spec im ens  to  i n o c u l a t i o n  o f  p l a t e s .  However,  

t h e  number  o f  s e c o n d a r y  o rg a n i sm s  i n  a  spec imen was u s u a l l y  s m a l l  and 

t h e  b a c t e r i a  were k e p t  i n  a  n e a r l y  s t a t i c  c o n d i t i o n .

ITo e f f o r t  was made to check  on  t h e  l o s s  i n  gonococcus  p o p u l a t i o n  

i n  sp ec im e n s  t r a n s p o r t e d  u n d e r  t h e s e  c o n d i t i o n s .  A l o s s  o c c u r r e d ,  un­

d o u b t e d l y ,  b u t  t h e  o r i g i n a l  number o f  o r g a n i s m s  i n  p r a c t i c a l l y  a l l  

s n e c i a e n s  was s u f f i c i e n t l y  g r e a t  to  i n s u r e  a  c o u n t  a f t e r  c u l t u r e .  

D i l u t i o n  and  I n o c u l a t i o n  o f  S p ec im en s :

Some i n d i c a t i o n  o f  t h e  d i l u t i o n s  to b e  made on a  p a r t i c u l a r  s p e c i ­

men were  o b t a i n e d  f rom  o b s e r v a t i o n  o f  th e  number o f  o rg a n i sm s  p r e s e n t  

i n  sm ears  examined a t  t h e  c l i n i c .  A spec imen whose smear was heavy  

w i t h  g o n o c o c c i  was d i l u t e d  more th a n  one which  showed a  few o rg a n i sm s  

p e r  f i e l d .  Specimens heavy  w i t h  g r a m - p o s i t i v e  c o c c i  o r  b a c i l l i  were 

seldom c u l t u r e d .  O c c a s i o n a l l y  o b s e r v a t i o n  o f  sm ea rs  was n o t  p o s s i b l e  

and o n l y  t h e  r e s u l t s  o f  m i c r o s c o p i c  e x a m i n a t i o n  c o u l d  be o b t a i n e d .

I t  was fo u n d  by  e x p e r im e n t  t h a t  t h e  f o l l o w i n g  r a n g e  o f  d i l u t i o n s  

would make p o s s i b l e  a. c o u n t  on p r a c t i c a l l y  a l l  soec im ens:

D i r e c t  i n o c u l a t i o n  from c o l l e c t i o n  f l u i d ......................0 .1  c c .  inoculum

1-10  d i l u t i o n .......................................................................................0.1  c c .  inoculum

1-20  d i l u t i o n   0.1  c c .  inoculum

1-100  d i l u t i o n .................................................................................... 0.1  c c .  inoculum

1- 20C d i l u t i o n .................................................................................... 0.1  c c .  inoculum

In  most  c a s e s  0 .1  c c .  inoculum d i r e c t  and from a 1 -100  d i l u t i o n  

were  s u f f i c i e n t  to  o b t a i n  a s n a r s e  p o p u l a t i o n  f o r  c o u n t s .  The aim n o t
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a lw ays  a c h i e v e d ,  was to  s e c u r e  p l a t e s  i n  some d i l u t i o n  w i t h  a c o u n t  

l e s s  t h e n  150 .

B e c au se  o f  nuco u s  t h r e a d s  and p u s  c e l l s  p r e s e n t  i n  t h e  e x u d a t e ,  

t h e  c o l l e c t i o n  f l u i d  h ad  to be  shaken  v i g o r o u s l y  to i n s u r e  an  even  

d i s t r i b u t i o n  o f  o r g a n i s m s  and e x t r a n e o u s  m a t t e r .  D i l u t i o n s  were  made

a s  f o l l o w s ,  s i n c e  t h e  c o l l e c t i o n  f l u i d  was 2 c c .  o r  l e s s :

0.5 c c .  ( c . f . )  U.5 c c .  o f  d i l u e n t  * 1-10

0.2 c c .  ( c . f . )  B.8  c c .  o f  d i l u e n t  » 1-20

0.1 c c .  ( c . f . )  -+ 9.9 c c .  o f  d i l u e n t  ■* 1-100

U p o . (1—100 d i l u t i o n )  ■*■ U c c .  o f  d i l u e n t  »  1—200

Only one s e t  o f  d i l u t i o n s  was made p e r  spec im en .  T h e r e f o r e ,  p l a t e s  o f

a 1-100 d i l u t i o n ,  f o r  exam ple ,  to be  i n c u b a t e d  u n d e r  v a r i o u s  a t m o s p h e r i c  

c o n d i t i o n s  were  i n o c u l a t e d  from t h e  same d i l u t i o n  t u b e .  I n o c u l a t i o n  

o f  a. s e r i e s  o f  p l a t e s  was made w i t h  a 1 c c .  p i p e t t e  g r a d u a t e d  i n  t e n t h s .

I t  was fo \mo t h a t  s t e r i l e  b e n t  g l a s s  r o d s  gave  a  s a t i s f a c t o r y

s p r e a d  o f  m a t e r i a l .  !To d i f f i c u l t : '  was e x p e r i e n c e d  i n  c o v e r i n g  th e  

e n t i r e  s u r f a c e  o f  tlj.e s l i g h t l y  m o is t  p l a t e s  w i t h  0.1  c c .  in o c u lu m .

PHOV i s i o n  POP DIFT'SRT-HT ATMOSPHERIC CONDITIONS, p a r t  I 

P l a t e s  to be i n c u b a t e d  a e r o b i c a l l y  were  p l a c e d  i n  a  l a r g e  g l a s s  

d e s i c c a t o r  whose to n  was n u s h e d  s l i g h t l y  to one s i d e  to a l l o w  exchange 

o f  a i r .  P i v e  h u n d re d  c c .  o f  w a t e r  were  p l a c e d  i n  th e  b o t t o n  com par t ­

ment o r d i n a r i l y  o c c u p ie d  by t h e  d e s i c c a n t .  A T a y lo r  "Humidiguide"  

which  had  b e e n  c a l i b r a t e d  a g a i n s t  wet  and d ry  b u l b  th e rm o m e te r s  was 

used, to  t e s t  th e  a t r a o su h e re  i n  t h i s  c o n t a i n e r .  On r e p e a t e d  t e s t s  th e  

r e l a t i v e  h u m id i ty  was i n d i c a t e d  a s  60 to 10 p e r  c e n t .

P l a t e s  to be  i n c u b a t e d  u n d e r  p a r t i a l  vacuum o r  c a rb o n  d i o x i d e  were
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p l a c e d  i n  t h e  b r a e s  j a r s  d e s c r i b e d  u n d e r  "gas  a n a l y s i s . "  One hundred  

f i f t y  cc  to two h u n d re d  c c .  o f  w a te r  was p l a c e d  i n  wide—mouthed 

b o t t l e s  i n  e a c h  o f  t h e  c o n t a i n e r s .  I?o measurement  was made o f  t h e  

r e l a t i v e  h u m id i ty  i n  th e  c l o s e d  j a r s ;  however,  f rom  t h e  l a r g e  amount

o f  c o n d e n s a t i o n  which  was v i s i b l e  on th e  i n n e r  s i d e s  and to p s  o f  th e  

j a r s  f o l l o w i n g  i n c u b a t i o n ,  i t  i s  p r o b a b l e  t h a t  th e  m o i s t u r e  c o n c e n t r a ­

t i o n  was c l o s e  to s a t u r a t i o n .

One j a r  was e n r i c h e d  w i t h  t e n  p e r  c e n t  c a rb o n  d i o x i d e  by th e  method 

d e s c r i b e d  by Leah;/ and C n r o e n te r  ( 1 2 ) .  By means o f  r u b b e r  t u b i n g  a 

t a n k  o f  m ed ica l  c a rb o n  d i o x i d e ,  a m ercury  open U - tu b e  type  o f  manometer ,  

t h e  c u l t u r e  j a r  and t h e  vacuum l i n e  were  c o n n e c t e d  to  each  o t h e r  i n  

t h e  o r d e r  named. A i r  was e v a c u a t e d  f rom  th e  j a r  u n t i l  the  p r e s s u r e  

was r e d u c e d  by n i n e  cm. o f  mercury  ( rem oval  o f  a p p r o x i m a te ly  12 p e r  c e n t  

o f  a i r ) .  Carbon d i o x i d e  was a l lo w e d  to  f lo w  i n t o  th e  j a r  u n t i l  th e  

manometer r e a d i n g  was 1 . 5  cm. below a tm o s p h e r i c  p r e s s u r e .  The p a r t i a l  

vacuum o f  1.5  cm. a l l o w e d  f o r  g a s  e x p a n s io n  a t  i n c u b a t o r  t e m p e r a t u r e .

Two j a r s  were p a r t i a l l y  e v a c u a t e d  u n t i l  t h e  p r e s s u r e s  on th e  U-tube  

manometer  w ere ,  r e s p e c t i v e l y ,  n in e  and seven cm. o f  mercury  be low t h a t  

o f  a tm o s p h e r i c  a i r .

Cand les  were p l a c e d  i n  two j a r s ,  the  c a n d l e s  l i g h t e d  and a l lo w ed  

to b u rn  f i v e  m in u te s  b e f o r e  the  j a r  l i d s  were clamped i n  p l a c e .  One 

ja . r  was a i r - t i g h t  and the  o t h e r  had a slow l e a k  a round  th e  r u b b e r  g a s k e t  

which  p e r m i t t e d  a g r a d u a l  a d j u s t m e n t  o f  p r e s s u r e  e q u i l i b r i u m  w i t h  the  

o u t s i d e  a i r .  Both  j a r s  were t e s t e d  on th e  manometer a f t e r  i n c u b a t i o n .

A p a r t i a l  vacuum o f  f o u r  to seven cm. o f  mercury  cou ld  a lways  be demon­

s t r a t e d  on the  a i r - t i g h t  c o n t a i n e r .



I n c u b a t i o n  t e m p e r a tu r e .  Throughout t h e  s tudy  n i l  c u l t u r e s  were i n c u ­

b a t e d  f o r  a p p r o x i m a te ly  Us h o u r s  a t  a  t e m p e r a tu r e  v a r y i n g  from 35 to  

36° C . ,  a c c o r d i n g  to th e  t e m p e r a tu r e  l i m i t s  a d v i s e d  by  C a r p e n te r  ( 1 9 ) .  

f l u c t u a t i o n s  i n  t e m p e r a t u r e  were marked by a r e c o r d i n g  the rm om eter ,  

and a. check was made a t  i n t e r v a l s  w i t h  a mercury  therm om eter .

z ::a:.;i ::a t i o :; o r  TH3 p l a t e s  following i ::ctj3a t i o ::

A n o ro x im a te ly  hS h o u r s  a f t e r  i n o c u l a t i o n  o f  the  p l a t e s ,  th e  j a r s  

were onened and the  n l a t e s  examined f o r  gonococcus  c o l o n i e s .  Orowth 

u s u a l l y  c o n s i s t e d  n e a r l y  e x c l u s i v e l y  o f  convex,  t r a n s p a r e n t  c o l o n i e s  

w i th  u n d u l a t e d  m a rg in s ,  t y p i c a l  of  th e  g onococcus .  C o lo n ie s  o f  secondary  

o rg a n i sm s  were r e l a t i v e l y  few and t h e s e  were u s u a l l y  e t a o h y l o c o c c i , 

/ - reen- 'o roducing  s t r e o t o c o c c i  o r  c o l i f o r n  b a c t e r i a .  P r o t e u s  was encoun­

t e r e d  on a  few p l a t e s .

All plates were s p ray ed  by a. D e V i l b i s s  " a to m iz e r"  w i th  a 1 p e r  c e n t  

s o l u t i o n  o f  p a r a . - a m i n o - d i m e t h y l - a n i l i n e  m o n ohydroch lo r ide  (E a s tm a n ) .  

Excess  dye s o l u t i o n  was d r a i n e d  f rom th e  p l a t e s .

This  dye component i n  the  p r e s e n c e  o f  th e  o x id a s e  o f  the  gonococcus 

p r o d u c e s  a p i n k  c o lo n y .  On f u r t h e r  o x i d a t i o n  t h e  c o l o r  becomes maroon 

and. f i n a l l y  b l a c k .  The speed o f  t h e  c o l o r  change i s  n o t  c o n s t a n t  w i th  

d i f f e r e n t  s t r a i n s  o f  gonococc i  b u t  the  s h i f t  f rom p in k  to nn.roon to 

b l a c k  u s u a l l y  t a k e s  p l a c e  w i t h i n  12 to 13 m in u te s  w i t h  a l l  s t r a i n s .  

Organisms i n  a c o lo n y  a r e  v i a b l e  a t  th e  p i n k  s t a g e  b u t  n o n - v i a b l e  when 

o x i d a t i o n  of  th e  dye i s  co m ple te .  The dye does  n o t  i n t e r f e r e  w i th  

su b se q u e n t  Gram s t a i n s .  The d i r e c t  o x id a s e  r e a c t i o n  w i th  p n ra -a m in o -  

d i u e t h y l - a n i l i n e  m o n ohydroch lo r ide  i s  n o t  p e c u l i a r  to the  gonococcus 

b u t  i s  giver, by t h e  whole U e i s s e r i a  genus ,  as  w e l l  a s  Hemophilus
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i n f l u e n z a e ,  c e r t a i n  g r a m - p o s i t i v e  d i r > l o b a c i l l i ,  the  c h o l e r a  v i b r i o  and 

membere o f  the  a l k a l i g e n e s  group ( 11 , 12 , 19 ) .  Gronau (22 ) m en t io n s  

c o l o n i e s  o f  c e r t a i n  d i p h t h e r o i d - l i k e  o rg an ism s  which g iv e  an o x i d a s e -  

p o s i t i v e  r e a c t i o n .  The c o l o r  o f  t h e  c o lo n y  a f t e r  o x i d a t i o n  i s  a  c h a lk y ,  

g r a y i s h  b l a c k .  Organisms s i m i l a r  to t h e s e  were found  i n  t h i s  s tu d y  b u t  

were e a s i l y  d i f f e r e n t i a t e d  from gonococcus,  g row th .

A gram s t a i n  was made o f  two o x i d a s e - p o s i t i v e  c o l o n i e s  on each  

p l a t e  s e l e c t e d  f o r  c o u n t i n g .  The p r e p a r a t i o n s  were examined u n d e r  the  

m ic roscope  f o r  g r a m - n e g a t i v e ,  c o f f e e - b e a n - s h a p e d  d i p l o c o c c i .

A c o u n t  was made o f  t y p i c a l  o x i d a s e - p o s i t i v e  c o l o n i e s  on p l a t e s  

which had  been  d e te r m in e d  by m a cro sco p ic  e x a m in a t io n  o f  the  c o l o n i e s  

and gram s t a i n  to  c o n t a i n  g o n o c o c c i .  Wherever p o s s i b l e  a c o u n t  was 

made o f  eve ry  p l a t e  i n  a  d i l u t i o n  s e r i e s ,  p r o v i d e d  th e  growth was n o t  

crowded.  Crowded p l a t e s  w i t h  a  c o u n t  above 200 were c o n s i d e r e d  " i n ­

n u m e ra b le ” i f  h i g h e r  d i l u t i o n s  i n  t h e  same s e r i e s  were c o u n t a b l e .  I t  

i s  p o s s i b l e  t h a t  o c c a s i o n a l  c o l o n i e s  o f  b a c t e r i a  o t h e r  th an  gonococc i  

were c o u n te d  by  t h i s  a l l - i n c l u s i v e  method.  However,  from the  v e r y  few 

s t a i n e d  s l i d e  p r e p a r a t i o n s  which c o n t a i n e d  o t h e r  o rgan ism s  th an  gram- 

n e g a t i v e  d i p l o c o c c i ,  i t  i s  p r o b a b l e  t h a t  e r r o r s  o f  t h i s  k in d  were few. 

C a r o e n t e r ’ s e x p e r i e n c e  would l e a d  u s  to  b e l i e v e  t h a t  the  o c c u r r e n c e  of  

any o t h e r  H e i s s e r i a  th an  the  gonococcus  i n  c u l t u r e s  from the  male 

u r e t h r a  i s  r a r e .  A cco rd in g  to  him ( 1 9 ) .  " I t  i s  s i g n i f i c a n t  t h a t  d u r in g  

th e  n i n e - y e a r  n e r i o d  the  a u t h o r  has  made c u l t u r e s  o f  gonococcus ,  o n ly  

t h r e e  c u l t u r e s  o f  " e i s s e r i s  o t h e r  than  gonococcus have been r e c o v e re d  

from the  low er  b i r t h  c a n a l  a n d  from tn e  g e n i to —u r i n a r y  t r a c t  o f  men." 

R e c e n t ly  C a m e n t e r  has  had to am end t h a t  s t a t e m e n t  somewhat. C a rp en te r



-  23 -

and C h a r l e s  ( 23 ) have  r e p o r t e d  i s o l a t i o n ,  o f  m en ingococc i  from the  g e n i t o ­

u r i n a r y  t r a c t  o f  seven p a t i e n t s  w i t h  c l i n i c a l  symptoms o f  g o n o r r h e a .

These s t r a i n s  a r e  t h e  f i r s t  to  "be r e p o r t e d  i n  t h e  l i t e r a t u r e  f rom such 

a  s o u rc e ,  and i t  i s  f e l t  "by t h e  a u t h o r s  t h a t  t h e i r  o c c u r r e n c e  i s  r a r e .  

Comparison o f  Counts  (Methods)

The f i g u r e s  i n  Table  1 a r e  t ak en  from c o u n t s  made on c u l t u r e s  one,  

two, and f o u r  ( 7 - 3 1 - U l ) and a r e  r e p r e s e n t a t i v e  o f  the  r e s u l t s  i n  P a r t  I .
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:?o e f f o r t  was made i n  t o t a l l i n g  th e  c o u n t s  to  a r r i v e  a t  t h e  number  o f  

o r g a n i s m s  grown f rom  1 .0  c c .  o f  i n o c u lu m ,  a s  t h e  c o n v e n t i o n a l  c o u n t  i s  

made f ro m  p o u r e d  p l a t e s .  A c o m p a r i so n  o f  numbers  o n l y  was s o u g h t  i n  

w h a te v e r  d i l u t i o n  p e r m i t t e d  a  c o m p a r i s o n .  F o r  ex am p le ,  t h e  c o m p a r a t i v e  

c o u n t  was e a s i l y  o b t a i n e d  f rom  C u l t u r e  # 1 .  The number o f  g o n o c o c c i  

o b s e r v e d  on t h e  v a r i o u s  " d i r e c t ” p l a t e s  was t a k e n  a s  r e p r e s e n t a t i v e  o f  

th e  r e a c t i o n  o f  C u l t u r e  #1 to d i f f e r e n t  a t m o s p h e r i c  c o n d i t i o n s .  The 

numbers  H, 98* 15 i 9 0 > 18 ,  and 21 were a s s i g n e d  to  t h e  r e s p e c t i v e  c o n d i ­

t i o n s .

A c o m p a r a t i v e  c o u n t  f o r  C u l t u r e  j*2 was more d i f f i c u l t .  The a e r o b i c  

g ro w th  was z e r o ;  g r o w th  on t h e  t h r e e  c a r b o n  d i o x i d e  c o n d i t i o n s  c o u l d  be 

compared  r e a d i l y ;  a. c o m p a r i so n  o f  t h e  c o u n t s  on t h e  p a r t i a l  vacuum 

p l a t e s  was e a s i l y  made. However,  a  c o m p a r i so n  o f  " p a r t i a l  vacuum" c o u n t s  

an d  t h o s e  on  t h e  c a r b o n  d i o x i d e  p l a t e s  c o u l d  b e  made o n l y  by  a p p r o x i m a t i n g  

t h e  " in n u m e ra b le "  c a r b o n  d i o x i d e  p l a t e  f rom i t s  c o u n t  on a  h i g h e r  d i l u t i o n .

A c o m p a r a t iv e  c o u n t  f o r  c u l t u r e  f o u r  was e a s i l y  mode s i n c e  th e  

o r g a n i s m s  grew u n d e r  c a rb o n  d i o x i d e  o n l y .  Comparison c o u ld  be  o b t a i n e d  

on th e  1-10  d i l u t i o n  p l a t e s .



R esu lts  of P a r t  I

Out o f  some e i g h t y  c u l t u r e s  which grew u n d e r  one o r  more o f  t h e  

c o n d i t i o n s  r e c o r d e d  i n  Tab le  two, 6s  were s u i t a b l e  f o r  c o u n t i n g .  Of 

t h e  68 s t r a i n s  c o n s i d e r e d ,  a l l  grew u n d e r  t e n  p e r  c e n t  c a rb o n  d i o x i d e  

and 67 grew u n d e r  c a rb o n  d i o x i d e  s u p p l i e d  by c a n d l e  i n  an a i r - t i g h t  

c o n t a i n e r .  The one s t r a i n  which  grew u n d e r  t e n  p e r  c e n t  c a rb o n  d io x id e  

and n o t  u n d e r  " c a n d le "  was from a  c l i n i c a l  c a se  o f  g o n o r rh e a .  I n t r a c e l  

l u l a r  g r a m - n e g a t iv e  d i p l o c o c c i  were p r e s e n t  on a  s l i d e  t ak en  a t  the  

t i n e  e x u d a te  was o b t a i n e d  from th e  p a t i e n t  f o r  c u l t u r e .  Two o x i d a s e -  

t j o s i t i v e  c o l o n i e s  o n ly  were p r e s e n t  on th e  c u l t u r e  p l a t e s .
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Only 5S 8t r a i n s  d eve loped  i n  t h e  "open11 c o n t a i n e r  i n  which  a  c a n d le  

had b e e n  b u r n e d .  I t  was hoped t h a t  t h i s  c o n d i t i o n  i n  which c a rb o n  

d i o x i d e  was p r e s e n t ,  "but no p a r t i a l  vacuum, would i n d i c a t e  th e  p a r t  

p l a y e d  by th e  f o u r  to  seven  cm. p a r t i a l  vacuum p r e s e n t  i n  an a i r - t i g h t  

c a n d l e  j a r .  The r e s u l t s  were i n c o n c l u s i v e ,  s i n c e  i t  i s  p r o b a b l e  t h a t  

l o s s  o f  c a rb o n  d i o x i d e  thro i igh  gas  exchange was r e s p o n s i b l e  f o r  the  

c o m p a r a t i v e l y  moor r e s u l t s  o f  the "onen" c o n t a i n e r ,  r a t h e r  than  h e i g h t ­

ened oxygen t e n s i o n .

B e t t e r  r e s u l t s  were o b t a in e d  u n d e r  n a r t i a l  vacuum th an  by a e r o b i c  

i n c u b a t i o n .  The number o f  s t r a i n s  i s o l a t e d  "under the  fo rm er  c o n d i t i o n  

was g r e a t e r  by o n ly  f o u r  than  the  number grown a e r o b i c a l l y ,  b u t  th e  

d i f f e r e n c e  i n  p o o u l a t i o n  was c o n s i d e r a b l e .

On th e  second l i n e  o f  the  t a b l e  a r e  r e c o r d e d  th e  c o m p a ra t iv e  popu­

l a t i o n s  o f  3^ s t r a i n s  which  grew a e r o b i c a l l y  and u n d e r  a l l . o f  th e  o t h e r  

c o n d i t i o n s .  The com par ison  has  been  made i n  p e r c e n t a g e s  to f a c i l i t a t e  

i t s  r e a d i n g .  The t o t a l  p o p u l a t i o n  o b t a i n e d  u n d e r  t e n  p e r  c e n t  carbon  

d i o x i d e  has  been  g i v e n  t h e  a r b i t r a r y  v a l u e  o f  100 ,  s i n c e  g row th  was 

b e s t  u n d e r  t h i s  c o n d i t i o n .  The p e r c e n t a g e  v a l u e s  of  the  o t h e r  c o u n t s  

were o b t a i n e d ,  o f  c o u r s e ,  by d i v i d i n g  th e  t o t a l  c o u n t s  o f  3? s t r a i n s  

grown a e r o b i c a l l y ,  e t c . ,  by th e  t o t a l  coun t  o b t a i n e d  u nder  t e n  p e r  c e n t  

c a rb o n  d i o x i d e  and m u l t i p l y i n g  by 100.  I t  w i l l  be n o te d  t h a t  growth 

s t i m u l a t i o n  by the  v a r i o u s  c o n d i t i o n s  was i n  th e  f o l l o w i n g  d e s c e n d in g  

o r d e r :  t e n  p e r  c e n t  ca rbon  d i o x i d e ,  c a n d l e  i n  a i r - t i g h t  c o n t a i n e r ,

c a n d l e  i n  "open" c o n t a i n e r ,  p a r t i a l  vacuum 7 cm.,  p a r t i a l  vacuum 9 cm.,  

a e r o b i c  c o n d i t i o n .  The d i f f e r e n c e  be tween the  growth su p p o r ted  by the 

f i r s t  two c o n d i t i o n s  and the  l a s t  f o u r  was very  g r e a t .
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On l i n e  t h r e e  a co m p a r i so n  i s  made o f  U2 s t r a i n s  w hich  grew u n d e r  

r e d u c e d  oxygen t e n s i o n ,  t e n  p e r  c e n t  c a r b o n  d i o x i d e ,  and  c a r b o n  d i o x i d e  

f u r n i s h e d  by c a n d l e  i n  t h e  a i r - t i g h t  c o n t a i n e r .  Again  t h e  p o p u l a t i o n  

u n d e r  t e n  p e r  c e n t  c a r b o n  d i o x i d e  was g r e a t e s t ,  w i t h  t h e  c a n d l e  su p p ly ­

in g  n e a r l y  t h e  sane  g ro w th  s t i m u l a t i o n .  Growth u n d e r  r e d u c e d  oxygen 

t e n s i o n  was l e s s  by n e a r l y  70 p e r  c e n t  th a n  t h a t  p ro d u c e d  •under c a rb o n  

d i o x i d e .

F i n a l l y  a c o m p a r i so n  i s  made o f  t h e  g row th  o b t a i n e d  t inder  t e n  p e r  

c e n t  c a r b o n  d i o x i d e  and th e  c a n d l e  i n  " c l o s e d "  c o n t a i n e r .  A r e v e r s a l  

o f  th e  p r e v i o u s  o r d e r  w i l l  be n o t e d ,  p r o b a b l y  due to  th e  ch an ce  o f  

random s am p l in g ,  g r o w th  was g r e a t e r  f o r  Gf s t r a i n s  u n d e r  c a n d l e  c o n d i ­

t i o n s  th a n  f o r  6S s t r a i n s  u n d e r  t e n  p e r  c e n t  c a r b o n  d i o x i d e .

PAHT IA

The p o o r  g ro w th  o f  g o n o c o c c i  u n d e r  t h e  a e r o b i c  c o n d i t i o n  i n  t h e  

p r e c e d i n g  e x p e r i m e n t  may be a t t r i b u t e d  i n  p a r t  to  a tm o sp h e re  and  i n  

p a r t  to  t h e  m o i s t u r e  c o n c e n t r a t i o n  o f  t h a t  a tm o s p h e r e .  In  an e f f o r t  

to  d e t e r m in e  the  e f f e c t  o f  m o i s t u r e ,  a  s e r i e s  o f  spec im ens  was c u l t u r e d  

I n  d u p l i c a t e  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :

( 1 )  The a e r o b i c  c o n d i t i o n  o f  P a r t  I ,  r e l a t i v e  h u m id i ty  60-70 

p e r  c e n t

( 2 )  A tm o sp h e r ic  a i r  i n  a  c l o s e d  c o n t a i n e r ,  r e l a t i v e  h u m id i ty  

a p p r o x i m a t e l y  100 p e r  c e n t

( 3 )  Ten p e r  c e n t  c a r b o n  d i o x i d e ,  s u p p l i e d  by t a n k ,  r e l a t i v e  

h u m i d i t y  a p p r o x i m a t e l y  100 p e r  c e n t

The c a rb o n  d i o x i d e  a tm osphere  was i n c l u d e d  o n ly  f o r  p u r p o s e s  o f  

co m p a r i so n .  I t  was r e c o g n i z e d  t h a t  th e  c o n d i t i o n s  o f  ( 2 )  c o u l d  n o t  be
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c a l l e d  t r u e  a e r o b i c ) s i s ,  s i n c e  g row th  o f  gonococc i  and  any s eco n d a ry  

o rg an ism s  i n  th e  spec imens  would a l t e r  t h e  ca rbon  d i o x id e  and oxygen 

t e n s i o n s .  However, i n  a  l a r g e  c o n t a i n e r  t h i s  e f f e c t  i s  p r o b a b l y  small  

and o b t a i n s  i n  any o f  th e  ca rbon  d i o x i d e  e n r i c h e d  o r  r ed u ced  oxygen 

t e n s i o n  c o n d i t i o n s .

A t o t a l  o f  2U specimens  were c u l t u r e d ,  13 o f  which were  a e r o b i c .  

The 13 s t r a i n s  a r e  c o n s id e r e d  i n  Table  3» D u p l i c a t e  p l a t i n g s  were made 

o f  u n d i l u t e d  and d i l u t e d  c o l l e c t i o n  f l u i d  u nde r  each  c o n d i t i o n .  The 

inoculum c o n s i s t e d  o f  0.1  c c .  o f  u n d i l u t e d  c o l l e c t i o n  f l u i d  and 0.1  c c .  

o f  a  1 -100  d i l u t i o n .  Counts on th e  d u p l i c a t e  p l a t e s  were made whenever 

g row th  was s u f f i c i e n t l y  s p a r s e  f o r  a  c o u n t .
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W ith  a l l  13 s t r a i n s  o f  g o n o c o c c i  a  g r e a t e r  p o p u l a t i o n  was o b t a i n e d  

i n  t h e  s a t u r a t e d  a tm o sp h e re  t h a n  i n  t h e  60-70 p e r  c e n t  r e l a t i v e  h u m i d i t y .  

The e f f e c t  o f  m o i s t u r e  a p p a r e n t l y  v a r i e d  w i t h  t h e  s t r a i n .  F o r  example ,  

w i t h  c u l t u r e  *1  t h e  g r o w th  was many t im e s  g r e a t e r  u n d e r  a  s a t u r a t e d  

a tm o sp h e re  th a n  u n d e r  60-70  p e r  c e n t  r e l a t i v e  h u m i d i t y .  With c u l t u r e  #8 

th e  g ro w th  was n o t  m a rk e d ly  d i f f e r e n t  u n d e r  t h e  two c o n d i t i o n s .

Zven though  t h e  13 s t r a i n s  were a e r o b i c ,  th e  g row th  was i n  e v e r y  

i n s t a n c e  g r e a t e r  u n d e r  c a rb o n  d i o x i d e  th an  on th e  a e r o b i c  - p l a t e s .  I f  

f u r t h e r  c o n f i r m a t i o n  o f  t h e  b e n e f i c i a l  e f f e c t  o f  c a rb o n  d i o x i d e  were 

n e e d e d ,  t h i s  p r o t o c o l  would a p p e a r  to  su p p ly  i t . -

FAST I I .  OPTIMAL LIMITS OF CAKBOh DIOXIDE STIMULATION

The r e s u l t s  i n  P a r t  I c o r r e s p o n d  to  t h o s e  o f  C h r i s t e n s e n  and  

S c h o e n l e i n  (2 )  i n  t h a t  t h e  number o f  s t r a i n s  o f  g o n o co cc i  i s o l a t e d  u n d e r  

carbon d i o x i d e  su p p lie d  by can d le  i s  about th e  same a s  the number i s o l a ­

t e d  u n d e r  t e n  p e r  c e n t  c a rb o n  d i o x i d e .  In  o u r  e x p e r im e n t  t h e  amount o f  

grovrth o b t a i n e d  by b o t h  methods  was p r a c t i c a l l y  t h e  same. I t  would 

a p p e a r ,  t h e r e f o r e ,  t h a t  one ma.y s u p p ly  c a rb o n  d i o x i d e  i n  p e r c e n t a g e s  

v a r y i n g  f rom a b o u t  two to  t e n  p e r  c e n t  and e x p e c t  g row th  to  be  t h e  same 

u n d e r  a l l  t e n s i o n s .

I n  an e x p e r i m e n t  to  d e f i n e  th e  o p t i m a l  l i m i t s  o f  c a rb o n  d i o x i d e  

s t i m u l a t i o n ,  two p e r  c e n t  c a rb o n  d i o x i d e  sup f i l e d  by t a n k  was chosen  a s  

t h e  s m a l l e s t  amount o f  g a s  to be  t e s t e d  and 22 p e r  c e n t  was s e l e c t e d  a s  

t h e  maximum. S n r i c h m e n t  by ca rbon  d i o x i d e  o f  th e  same o r  s l i g h t l y  l e s s  

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

g a s e s  t h a n  c a r b o n  d i o x i d e  a r e  p ro d u c ed  by b u r n in g  o f  a  c a n d l e ,  p a r t i ­

c u l a r l y  c a rb o n  m onoxide .  Twenty—two p e r  c e n t  c a rb o n  d i o x i d e  wa6 cnosen
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a s  th e  maximum t e n s i o n  s im p ly  a s  a c o n v e n i e n t  l i m i t  f o r  p r e l i m i n a r y  t e s t s .

The f o l l o w i n g  a tm o s p h e r i c  c o n d i t i o n s  were p r o v id e d :

(1 ) A tm ospher ic  a i r  i n  open c o n t a i n e r  s i m i l a r  to t h a t  u s e d  f o r  
a e r o b i c  g ro w th  i n  P a r t  I .  R e l a t i v e  h u m id i ty ,  60-70 p e r  c e n t .

( 2 ) Carbon d i o x i d e  s u p p l i e d  by  c a n d l e  i n  an a i r - t i  
R e l a t i v e  h u m i d i t y  a p p r o x i m a te ly  100 p e r  c e n t .

g h t  c o n t a i n e r .

( ? ) Carbon d i o x i d e ,  two u e r  c e n t  s u p p l i e d  by t a n k ,  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

R e l a t i v e

(*0 Carbon d i o x i d e ,  s i x  o e r  c e n t  s u p p l i e d  by t a n k ,  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

R e l a t i v e

(5 ) Carbon d i o x i d e ,  10 p e r  c e n t  s u p p l i e d  by t a n k ,  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

R e l a t i v e

(6 ) Carbon d i o x i d e  lU p e r  c e n t  s u p p l i e d  by t a n k ,  
a p p r o x i m a te ly  100 p e r  c e n t .

R e l a t i v e  h u m id i ty

(7 ) Carbon d i o x i d e ,  IS  p e r  c e n t  s u p p l i e d  by t a n k ,  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

R e l a t i v e

(8 ) Carbon d i o x i d e ,  22 p e r  c e n t  s u p p l i e d  by t a n k ,  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

R e l a t i v e

Measurement o f  t h e  c a rb o n  d i o x i d e  s u p p l i e d  by tank  was by  th e  mano- 

m e t r i c  method d e s c r i b e d  u n d e r  "M ethods ."  C a l c u l a t i o n  o f  th e  amount o f  a i r  

to  e v a c u a t e  f rom th e  j a r s  was made a s  f o l l o w s :

F o r  a  f i n a l  l h  p e r  c e n t  e n r i c h m e n t  o f  c a rb o n  d i o x i d e ,  f o r  example:
760 mm. x  O.lU s  106 mm. o r  1 0 . 6  cm.
1 0 . 6  cm. ♦ - I .5  cm. ( p a r t i a l  vacuum to  p r o v id e  

f o r  e x p a n s io n )  a  1 2 .1  cm.

A i r  was e v a c u a t e d  u n t i l  t h e  p r e s s u r e  was r e d u c e d  by 12 cm. o f  mercury 

t h e n  g a s  was a l l o w e d  to f lo w  i n  -u n t i l  th e  manometer r e a d i n g  was 1 . 5  cm. 

be low a tm o s p h e r i c  p r e s s u r e .

l a s  a n a l y s e s  were  made on j a r s  f i l l e d  by t h i s  method w i t h  amounts o f  

c a rb o n  d i o x id e  v a r y i n g  f rom two to 22 p e r  c e n t .  Ho c o r r e c t i o n s  were made 

f o r  normal t e m o e r a t u r e  and p r e s s u r e  a t  the  time o f  f i l l i n g .  The a n a l y s e s  

d e m o n s t r a t e d  t h a t  t h e  a c t u a l  amount o f  gas  p r e s e n t  v a r i e d  a s  much a s  0 .5  

to 1 . 0  p e r  c e n t  from t h e  c a l c u l a t e d  amount.  Th is  was n o t  f e l t  to  be  a
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s e r i o u s  e r r o r ,  s i n c e  a  wide range  o f  c a rb o n  d i o x i d e  t e n s i o n  was u n d e r  t e s t  

f u r t h e r m o r e ,  a  d i f f e r e n c e  o f  f o u r  p e r  c e n t  e x i s t e d  be tween  e a ch  c o n d i t i o n .

The methods and t e c h n i q u e  o f  P a r t  I  were employed.  A s i n g l e  s e t  o f  

d i l u t i o n s  was made f rom e a c h  spec imen.  E i g h t  p l a t e s  were i n o c u l a t e d  

d i r e c t l y  f rom th e  c o l l e c t i o n  f l u i d  w i t h  0.1  c c .  inocu lum ,  and e i g h t  

p l a t e s  were i n o c u l a t e d  from e a c h  o f  t h e  d i l u t i o n s .  The d u p l i c a t e  p l a t e s  

were marked w i t h  specimen number, d i l u t i o n  and a tm o s p h e r i c  c o n d i t i o n  

and  p l a c e d  i n  t h e i r '  r e s p e c t i v e  j a r s .

The p l a t e s  a f t e r  e x am in a t io n  f o r  gonococc i  were c o u n te d  a s  i n  P a r t  I .  

A c o m p a r a t iv e  c o u n t  o n ly  was s o u g h t .  The r e s u l t s  a r e  t a b u l a t e d  i n  Table U
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A s u r p r i s i n g  u n i f o r m i t y  w i l l  b e  n o t e d  i n  t h e  t o t a l  c o u n t s  and the  

number o f  s t r a i n s  grown u n d e r  th e  f o l l o w i n g  c o n d i t i o n s :  " C a n d le ” , s i x  

p e r  c e n t  c a r b o n  d i o x i d e ,  t e n  p e r  c e n t  c a rb o n  d i o x i d e ,  lH p e r  c e n t  ca rbon  

d i o x i d e ,  and IS  p e r  c e n t  c a rb o n  d i o x i d e .  At  t h e  e x t r e m e s ,  u n d e r  atmos­

p h e r e s  o f  two p e r  c e n t  and 22 p e r  c e n t  c a rb o n  d i o x i d e ,  t h e  c o u n t  was 

l e s s  t h a n  u n d e r  t h e  o t h e r  c a rb o n  d i o x i d e  t e n s i o n s .  Growth u n d e r  t h e  

a e r o b i c  c o n d i t i o n  was so much l e s s  than  on d u p l i c a t e  p l a t e s  grown u n d e r  

c a rb o n  d i o x i d e  t h a t  no a t t e m p t  was made to a r r i v e  a t  a com par ison  i n  

p o p u l a t i o n .  The h e a v i e s t  g ro w th  was o b t a i n e d  on p l a t e s  i n c u b a t e d  i n  

" C a n d l e , "  and t e n  p e r  c e n t  c a rb o n  d i o x i d e  a t m o s p h e r e s ,  p r o b a b l y  due to 

chance  i n  s am p l in g .  Only t h i r t y - o n e  s t r a i n s  were  i s o l a t e d  u n d e r  t e n  

p e r  c e n t  c a rb o n  d i o x i d e ,  y e t  th e  t o t a l  g row th  was g r e a t e r  th a n  i n  p l a t e s  

i n c u b a t e d  u n d e r  any o t h e r  c a rb o n  d i o x i d e  t e n s i o n s  b u t  t h a t  p r o v i d e d  by 

c a n d l e .

Whether  o r  n o t  any s i g n i f i c a n c e  might  be a t t a c h e d  to the  lo w er  c o u n t s  

o b t a i n e d  u n d e r  two p e r  c e n t  c a rb o n  d i o x i d e  and 22 p e r  c e n t  c a rb o n  d io x id e  

c o u ld  be d e t e r m in e d  o n ly  by f u r t h e r  c u l t u r e  work.  I t  was d e c id e d  t h a t  a 

w id e r  r a n g e  o f  c a rb o n  d i o x i d e  t e n s i o n s  might  a i d  i n  i n d i c a t i n g  a t  what 

t e n s i o n  i n h i b i t i o n  o c c u r s  and s t i m u l a t i o n  c e a s e s .

F o r  t h e  second  s e r i e s  o f  P a r t  I I ,  t h e  f o l l o w i n g  c o n d i t i o n s  were 

p r o v i d e d :

( 1 )  A tm ospher ic  a i r  i n  an open c o n t a i n e r  s i m i l a r  to  t h a t  u s e d  f o r  
a e r o b i c  g ro w th  i n  P a r t  I .  R e l a t i v e  h u m i d i t y ,  60 to 70 p e r  c e n t ,

( 2 )  Carbon d i o x i d e  s u p p l i e d  by c a n d l e  i n  an a i r - t i g h t  c o n t a i n e r .  
R e l a t i v e  h u m id i ty  a p p r o x im a te ly  100 p e r  c e n t .

(■=0 Carbon d i o x i d e ,  two p e r  c e n t  s u p p l i e d  by t a n k .  R .e la t iv e  
h u m id i ty  a p n r o x i m a te ly  100 p e r  c e n t .

(U) Carbon d i o x i d e ,  s ix  tier  c e n t  s \ in p l ied  by t a n k .  R e l a t i v e  
h u m id i ty  a p p r o x im a te ly  100 n e r  c e n t .
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( 5 )  Carbon d i o x i d e ,  10 p e r  c e n t  s u p p l i e d  by  t a n k .  R e l a t i v e
h u m id i ty  a p p r o x i m a t e l y  100 p e r  c e n t .

( 6 ) Carbon d i o x i d e ,  l h  p e r  c e n t  s u p p l i e d  by t a n k .  R e l a t i v e
h u m i d i t y  a p p r o x i m a t e l y  100 p e r  c e n t

( 7 )  Carbon d i o x i d e ,  18 p e r  c e n t  s u p p l i e d  by  t a n k .  R e l a t i v e
h u m id i ty  a p p r o x i m a t e l y  100 p e r  c e n t .

( 8 ) Carbon d i o x i d e ,  22 p e r  c e n t  s u p p l i e d  by t a n k ,  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

R e l a t i v e

( 9 )  Carbon d i o x i d e ,  26 p e r  c e n t  s u p p l i e d  by t a n k .  R e l a t i v e  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

( 1 0 )  Carbon d i o x i d e ,  30 P®r  c e u t  s u p p l i e d  by tank ,  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

R e l a t i v e

I n  th e  second  s e r i e s ,  27 s t r a i n s  o f  g o n o co cc i  were c o u n t a b l e  on 

some o r  a l l  o f  t h e  p l a t e s .  The r e s u l t s  a r e  g i v e n  i n  Table

(



A ero b ic  g row th ,  a s  u s u a l ,  was c o n s i d e r a b l y  l e s s  than  g ro w th  under  

c a rb o n  d i o x i d e .  Only lH o f  t h e  27 s t r a i n s  u nder  c o n s i d e r a t i o n  grew 

a e r o b i c a l l y .

As i n  the  p r e c e d i n g  s e r i e s ,  f a i r l y  un ifo rm  r e s u l t s  were o b t a i n e d  

u n d e r  " c a n d l e , "  6 p e r  c e n t  carbon  d i o x i d e ,  10 p e r  c e n t  carbon  d i o x i d e ,
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lU p e r  c e n t  ca rbon  d i o x i d e ,  and 18 p e r  c e n t  c a r t o n  d i o x i d e .  The r e l a t i o n ­

s h ip  o f  th e  v a r i o u s  c o u n t s  e x p re s s e d  i n  p e r c e n t a g e s  i s  a s  f o l l o w s :

Carhon d io x id e ,  10 per c e n t ................................100 ner cen t

nCandle ".....................................................   96

Carton d io x id e ,  6 ner c e n t ....................................  9*+

Carton d io x id e ,  IS per c e n t ...............................  93

Carton d io x id e ,  lU per c e n t ................................ 89

Carton  d i o x i d e ,  2 p e r  c e n t . . . .............................  S?

Carton d io x id e ,  22 per c e n t ..........................   79

Carton d io x id e ,  26 ner c e n t ................................ 65

Carton d io x id e ,  ?0 per c e n t ................................ 62

Maximum growth  s t i m u l a t i o n  was o t t a i n e d  w i th  c a r t o n  d io x id e  te n ­

s i o n s  r a n g in g  from 2 .3  to IS  p e r  c e n t  ( v d tn  the  i n c l u s i o n  o f  t h e  " c a n d le ” 

c o n d i t i o n ) .  While 27 s t r a i n s  grew u n d e r  22 p e r  c e n t  c a r t o n  d io x id e  i t  

w i l l  t e  n o t e d  t h a t  th e  p o o u l a t i o n  o t t a i n e d  under  t h i s  c o n d i t i o n  was con­

s i d e r a b l y  l e s s  than  t h a t  o f  the  c o n d i t i o n  t e lo w  i t  i n  the s e r i e s ,  18 n e r  

c e n t  c a r t o n  d i o x i d e .  I t  would annes r  t h a t  i n  t h i s  s e r i e s ,  as  i n  s e r i e s  

1 , s t i m u l a t i o n  o f  gonococci  d e c re a se d  somewhat a to v e  the  t e n s i o n  o f  18 

p e r  c e n t  c a r t o n  d io x id e  and the d e c l i n e  was s u f f i c i e n t l y  marked to t e  

d e te rm in e d  by n l a t e  count  a t  a t e n s io n  of  22 n e r  c e n t  c a r to n  d io x id e .

The d e c l i n e  i n  growth s t i m u l a t i o n ,  o r  i n c r e a s e  i n  i n h i b i t i o n ,  was even 

more marked under  26 and 3°  ? e r  c e n t  c a r t o n  d io x id e .

Wilson (24)  has  -pointed o u t  t h a t  to o b t a i n  a smal l  d i s t r i b u t i o n  

e r r o r  i n  the  n l a t e  coun t  method, a d i l u t i o n  g i v i n g  the  n ro p e r  number of
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c o l o n i e s  p e r  p l a t e  (lO O -U cO ) must "be a v a i l a b l e  i n  o r d e r  to minimize 

crow ding  o f  c o l o n i e s  and e r r o r  i n  s am pl ing .

W i l s o n ’ s o b s e r v a t i o n ,  w h i l e  a p p l i c a b l e  to p o u re d  p l a t e s  i n  which 

the  m a jo r  p o r t i o n  o f  th e  g rowth  i s  s u b s u r f a c e ,  i s  d i f f i c u l t  to  app ly  

to the  s u r f a c e - p l a t i n g  method used i n  t h i s  s tu d y .  The s i z e  o f  the  

i n d i v i d u a l  gonococcus co lony  r a n g e s  from 0.5  mm. to 2.0  mm. and some 

c rowding o c c u r s  w i t h  a count  above 150 .  When th e  coun t  i s  above 200, 

c o n s i d e r a b l e  crowding t a k e s  p l a c e  and an r m r o x i r a a t i o n  o n ly  can be made.

In  th e  com par ison  ex p e r im e n ts  o f  P a r t  I I ,  and th ro u g h o u t  t h i s  

stud.v , d i l u t i o n s  have been  made w i t h  t h e  i n t e n t i o n  o f  p r o v i d i n g  p l a t e s  

w i th  c o u n t s  o f  150 o r  l e s s :  f i r s t  to p e r m i t  easy  c o u n t in g ,  second ly

to p e r m i t  r e c o g n i t i o n  o f  t y p i c a l  c o l o n i e s .  I n  a b o u t  70 p e r  c e n t  of  

the  c o u n t s  the  number o f  c o l o n i e s  p e r  n l a t e  has  been  150 o r  l e s s ;  f r e ­

q u e n t l y  the  number has  been  l e e s  th a n  100.

Wilson and Kullman (25) d e te rm in e d  t h a t  f u r t h e r  r e d u c t i o n  of  d i s ­

t r i b u t i o n  e r r o r  may be made by p r o v i d i n g  a s u f f i c i e n t  number o f  d u p l i ­

c a t e  p l a t e s ,  t h r e e  to f i v e .

I t  was r e c o g n i z e d  by u s  t h a t  th e  s i n g l e  p l a t e  coun t  i s  s u b j e c t  to 

e r r o r s ,  y e t  s u f f i c i e n t l y  a c c u r a t e  to d e t e c t  f a i r l y  wide d i f f e r e n c e s  i n  

p o p u l a t i o n .  In  o r d e r  to t e s t  the  v a l i d i t y  o f  the  i n d i c a t i o n s  o b t a in e d  

by th e  s i n g l e  p l a t e  c o u n t  a s  to o p t im a l  range  o f  ca rbon  d i o x i d e  stimu­

l a t i o n ,  an ex p e r im en t  was made i n  which  the  s i g n i f i c a n t  a t i r .osoheric  

c o n d i t i o n s  o f  P a r t  I I  were r e p e a t e d  and f i v e  d u p l i c a t e  n l a t e s  were

i n o c u l a t e d  f o r  each  c o n d i t i o n .

The e x u d a te s  f rom s i x  c a s e s  o f  a c u t e  g o n o r rh e a  were c u l t u r e d  under

th e  f o l l o w i n g  c o n d i t i o n s :
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Carbon d i o x i d e ,  2 p e r  c e n t ,  s u p p l i e d  "by ta n k

Carbon d io x id e , 10 p e r  c e n t,su p p lie d  by tank

Carbon d i o x i d e ,  18 p e r  c e n t ,  s u p p l i e d  by t a n k

Carbon d i o x i d e ,  22 p e r  c e n t ,  s u p p l i e d  by t a n k

E x u d a te s  f rom s i x  o t h e r  c a s e s  o f  a c u t e  g o n o r r h e a  were  c u l t u r e d

u n d e r :

Carbon d i o x i d e ,  2 p e r  c e n t ,  s u p p l i e d  by ta n k  

Carbon d i o x i d e ,  10 p e r  c e n t ,  sup-nlied  by t a n k

Carbon d i o x i d e ,  18 p e r  c e n t ,  s u p p l i e d  by t a n k

Carbon d i o x i d e ,  22 p e r  c e n t ,  s u p p l i e d  by t a n k

Carbon d i o x i d e ,  J>0 p e r  c e n t ,  s u p p l i e d  by t a n k

The r e l a t i v e  h u m i d i t y  i n  each  c u l t u r e  j a r  was c l o s e  to s a t u r a t i o n .  

As i n  p r e v i o u s  e x p e r i m e n t s  one s e t  o f  d i l u t i o n s  was made from each  

spec im en  to e l i m i n a t e  e r r o r s  which m igh t  a r i s e  f rom u s i n g  a s e r i e s  o f  

s i m i l a r  d i l u t i o n s ,  ’f i t h  11 spec imens  a 1:20  and 1:100  d i l u t i o n  were 

made; w i t h  one specimen d i r e c t  inocu lum  from t h e  c o l l e c t i o n  f l u i d  and 

1 : 2 0  d i l u t i o n  were u t i l i z e d .  A t o t a l  o f  20 p l a t e s  was i n o c u l a t e d  from 

e a c h  d i l u t i o n  t u b e ,  o r  t h e  c o l l e c t i o n  f l u i d ,  and t h e  inoculum sp re a d  

by g l a s s  r o d .

In  Tab le  G t h e  a v e r a g e  o f  th e  c o u n t s  from f i v e  p l a t e s  i s  r e c o rd e d  

u n d e r  e a c h  c o n d i t i o n .  The f i g u r e s  g i v e n  a r e  t h e  a v e r a g e  o f  t h e  co u n t  

i n  one d i l u t i o n  o n l y ,  i n  seven  i n s t a n c e s  t h e  1:100  d i l u t i o n ,  i n  f i v e  

i n s t a n c e s  t h e  1:20  d i l u t i o n .
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In the above ta b le , s e r ie s  3, the to ta l  counts and percentage com­

p ariso n s  'indicate'-""that s ix  c u ltu re s  of gonococci grew uniform ly under two 

p e r  cen t, ten  p er cen t, and 18 per cen t carbon d iox ide. Growth was con­

s id e rab ly  le s s  under 22 p er cen t carbon dioxide than under the o ther tension
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The s i x  c u l t u r e s  c o n s i d e r e d  i n  Tab le  6 , s e r i e s  U, grew b e s t  t inder  

18 p e r  c e n t  c a rb o n  d i o x i d e  and  10 p e r  c e n t  c a rb o n  d i o x i d e .  A d e c id e d  

drop i n  p o p u l a t i o n  o c c u r r e d  u n d e r  two p e r  c e n t  and 22 p e r  c e n t  ca rbon  

d i o x i d e .  The d rop  i n  p o p u l a t i o n  was even  more nronounced  u n d e r  30 P®r 

c e n t  c a rb o n  d i o x i d e .  These r e s u l t s  f o l l o w  c l o s e l y  t h o s e  o b t a i n e d  w i th  

th e  s i n g l e - p l a t e  c o u n t s .

A com par ison  o f  th e  p e r c e n t a g e  r e l a t i o n s h i p s  be tw een  th e  t o t a l  

c o u n t s  o b t a i n e d  by th e  s i n g l e —p l a t e  and  f i v e - p l a t e  c o u n t  methods b r i n g s  

o u t  c l e a r l y  ag reem en t  and d i s c r e p a n c y .  The com p ar iso n  i s  g i v e n  i n  

Tab le  1 .

An exam ination  o f  Table 7 w i l l  r e v e a l th a t , w ith  one e x c e p tio n , the  

co u n ts  o b ta in ed  by s in g le - p la t e  tech n iq u e were confirm ed by the f i v e -  

p la t e  method. The e x c e p tio n  w i l l  be found in  Table o, s e r ie s  3» under
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two p e r  c e n t  c a rb o n  d i o x i d e .  Growth u n d e r  two p e r  c e n t  c a rb o n  d i o x i d e  

s l i g h t l y  ex ce e d e d  i n  t h i s  one s e r i e s  g rowth  u n d e r  t e n  p e r  c e n t  and 18 

p e r  c e n t  c a rb o n  d i o x i d e .  There a r e  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  

t h i s  e x c e p t i o n .

1 .  I’o r  the  s i x  c u l t u r e s  i n  t h i s  s e r i e s ,  two p e r  c e n t  c a rb o n  

d i o x i d e  r e p r e s e n t e d  th e  ontimum a tm o s p h e r i c  c o n d i t i o n .

2 .  E r r o r s  i n  sam pl ing  r a i s e d  th e  co u n t .

3 .  The c o n c e n t r a t i o n  o f  ca rbon  d i o x i d e  g a s  i n  th e  c u l t u r e  j a r s  

was g r e a t e r  th a n  two p e r  c e n t .

Of th e  t h r e e  p o s s i b i l i t i e s  we a r e  i n c l i n e d  to f a v o r  th e  l a s t .

Gas a n a l y s e s  e s t a b l i s h e d  t h a t  c a rb o n  d i o x id e  c o n c e n t r a t i o n s  v a r i e d  

a s  much a s  0 . 5  to 1 . 0  p e r  c e n t  when th e  c u l t u r e  j a r s  were f i l l e d  by t a n k .  

Vfhile t h i s  d i f f e r e n c e  would n o t  be s e r i o u s  i n  th e  h i g h e r  r a n g e s  o f  s i x  

and  18 p e r  c e n t  c a rb o n  d i o x i d e ,  an e r r o r  o f  0 .5  to 1 . 0  p e r  c e n t  m ight  

a f f e c t  c o n s i d e r a b l y  th e  g ro w th -p ro m o t in g  q u a l i t i e s  o f  a  c o n c e n t r a t i o n  

a p p r o a c h i n g  th e  lo w er  l i m i t  o f  the  o p t im a l  zone.

The e v id e n c e  i n  s e r i e s  1 ,  2 and. U, P a r t  I I  i n d i c a t e s  t h a t  two p e r  

c e n t  c a rb o n  d i o x i d e  en r i c h m e n t  i s  be low the  optimum, w h i le  th e  d a t a  of  

P a r t s  I  and I I  i n d i c a t e  t h a t  the  c o n c e n t r a t i o n  o f  ca rbon  d i o x i d e  f u r ­

n i s h e d  by c a n d l e  i s  w i t h i n  th e  zone o f  on t im n l  g ro w th  s t i m u l a t i o n .  I f  

we a c c e n t ,  t e n t a t i v e l y ,  th e  i d e a  t h a t  g rowth  s t i m u l a t i o n  by a  c a n d le  

b u r n e d  i n  an a i r - t i g h t  c o n t a i n e r  i s  due to ca rbon  d i o x id e  g a s  a lo n e  

( e x c e p t i n g  th e  f a c t o r  o f  m o i s t u r e ) ,  i t  i s  e v i d e n t  t h a t  the  low er  l i m i t  

o f  t h e  o p t im a l  zone o f  ca rbon  d i o x i d e  s t i m u l a t i o n  f o r  gonococc i  i s  

a p p r o x i m a t e l y  2 .3  Tier c e n t .  The e v id e n c e  i n  P a r t  I I ,  s e r i e s  1 ,  2 and 3* 

i s  t h a t  th e  u p p e r  l i m i t  o f  the  o p t im a l  zone i s  some p l a c e  be tween  a
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c o n c e n tr a t io n  o f  18 p er  c e n t  and 22 p e r  c e n t  carbon  d io x id e .  I t  i s  

obviouB  th a t  th e  optimum c o n c e n tr a t io n  i s  n o t  l im i t e d  to a  d e f i n i t e  

p e r c e n ta g e  o f  carbon  d io x id e , b u t may be o b ta in e d  ov er  a  f a i r l y  w ide  

zone o f  carbon d io x id e  en rich m en t.

PART I l a .  EFFECT OF CARBON DIOXIDE BEYOND THE OPTIMAL RANGE

V a lle y  and R e ttg e r  (2 6 )  in  s tu d y in g  th e in f lu e n c e  o f  carbon d io x id e  

on b a d te r ia  d em on strated  th a t c e r t a in  b a c t e r ia ,  such a s  L . a c id o p h ilu s ,  

w ere b e n e f i t e d  by carbon  d io x id e  in  p e r c e n ta g e s  as h ig h  a s  25 to  30  

p er  c e n t .  V igorou s and r e s i s t a n t  b a c t e r ia ,  such a s  B a c te r iu m a ero g en es  

and S ta p h y lo co ccu s  a u r e u s , grew  w e l l  in  an atm osphere o f  95 to  97 p er  

c e n t  carbon  d io x id e  on b o th  p la in  n u tr ie n t  agar and h ig h ly  b u ffe r e d  agar .

Cohen and F lem ing (2 7 )  d em on strated  th a t  prim ary c u l t iv a t io n  o f  

th e m eningococcus was enhanced by carbon d io x id e  en rich m en t. The o p t i ­

mum c o n c e n tr a t io n  v a r ie d  from ten  to J>0 p er  c e n t  carbon d io x id e ,  depend­

in g  upon the s t r a in .  W ith 50 to 75 P®r c e n t  carbon d io x id e  th e  growth  

was s c a n t .

I t  was f e l t  o f  i n t e r e s t  to  d e t e r m i n e  t h e  r e a c t i o n  o f  g o n o c o c c i  i n  

-orimary g ro w th  to  c a r b o n  d i o x i d e  i n  p e r c e n t a g e s  above th e  ontimum 

c o n c e n t r a t i o n .

In  t h i s  e x p e r i m e n t  t h e  c h o c o l a t e  a g a r  employed i n  the  p r e v i o u s  

work was u s e d .  C u l t u r e  was made, a s  u s u a l ,  f rom g o n o r r h e a l  d i s c h a r g e s

o f  male p a t i e n t s .

The p e r c e n t a g e s  o f  c a rb o n  d i o x i d e  t e s t e d  and o t h e r  d a t a  a r e  

s u p p l i e d  i n  Table  S. The a v e r a g e  s i z e  o f  th e  c o l o n i e s  has been  i n s e r t e d  

b e n e a t h  t h e  c o lo n y  c o u n t  o f  f o u r  s t r a i n s .
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BESULTS OP PiJRT I l a .

The th r e e  c u l t u r e s  o f  s e r i e s  1 ,  T ab le 8 , grew  o v e r  th e e n t i r e  range  

o f  carb on  d io x id e  c o n c e n t r a t io n s ,  from  two p er  c e n t  to  5 °  Pe r  c e n t .  The 

drop i n  p o p u la t io n  above a  carbon  d io x id e  c o n c e n tr a t io n  o f  22 p e r  c e n t  

was n o t  a b r u p t, and , e x c e p t  in  the c a s e  o f  c u ltu r e  #3» th e  grow th  under  

50 n e r  c e n t  carb on  d io x id e  was one—th ir d  to  one—fo u r th  a s  g r e a t  a s  under 

th e  " can d le"  c o n d i t io n .  The a v era g e  c o lo n y  s i z e  a s  shown in  c u l tu r e s  1
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a n d  2 ,  changed  f rom  a  maximum o f  1 , 5  mm. u n d e r  two p e r  c e n t  c a r b o n  

d i o x i d e  to  on a v e r a g e  o f  0 .5  nan. u n d e r  Ho p e r  c e n t  c a rb o n  d i o x i d e .

Under  a c o n c e n t r a t i o n  o f  50 p e r  c e n t  c a r b o n  d i o x i d e  t h e  c o l o n i e s  were 

l e s s  t h a n  0 . 5  mm. i n  d i a m e t e r ,  b u t  d i s t i n c t .  The b l a c k e n i n g  o f  p i n ­

p o i n t  c o l o n i e s  due to t h e  o x i d a s e  r e a c t i o n  was a s  s h a m  os  t h a t  o f  

t h e  l a r g e r  c o l o n i e s .

B e f o r e  dye wa.s o l a c e d  on th e  n l a t e s ,  t r a n s f e r s  were made f rom  th e  

HO n e r  c e n t  c a r b o n  d i o x i d e  p l a t e  o f  c u l t u r e  1 to  f r e s h  c h o c o l a t e  a g a r .  

T r a n s f e r s  were  a l s o  made from th e  Ho n e r  c e n t  and  50 n e r  c e n t  c a rb o n  

d i o x i d e  p l a t e s  o f  c u l t u r e  2 .  The o r g a n i s m s  rew l u x u r i a n t l y  when 

i n c u b a t e d  u n d e r  " c a n d l e . * 1 They were  r n o m h o l o g i c a l l y  t y n i c a l  i n  a n p e a r -  

a n c e  and f e r m e n t e d  d e x t r o s e  o n l y  when grown i n  s i n g l e  s u g a r s .

Oram s t a i n s  were  made o f  f i v e  c o l o n i e s  f rom th e  1 :1 0 0  d i l u t i o n  o f  

e a c h  c o n d i t i o n  ( " c a n d l e , "  2 p e r  c e n t ,  10 o e r  c e n t ,  l ’- p e r  c e n t  c a r b o n  

d i o x i d e ,  e t c . )  o f  c u l t u r e  1 .  The gram n e g a t i v e  d . io lo c o c c i  grown u n d e r  

t h e  "candle** and two p e r  c e n t  c a rb o n  d i o x i d e  were t j r n i c a l  c o f f e e - b e a n -  

s h a n e d  o r g a n i s m s ,  r e g u l a r  i n  s h a p e .  Organ ism s  f rom  th e  10 p e r  c e n t  

c a r b o n  d i o x i d e  p l a t e s  were f o r  th e  most  n a r t  r e g u l a r  i n  shone ,  b u t  a 

few  b i z a r r e  fo rm s  were  o r e s e n t .  These were i r r e g u l a r  i n  sh a p e ,  f r e ­

q u e n t l y  t r i a n g u l a r ,  and r e a d i l y  d i f f e r e n t i a t e d  f rom th e  " b a l l o o n "  fo rm s  

o f  g o n o c o c c i  f r e o u e n t l y  e n c o u n t e r e d  i n  Hg-hour  c u l t u r e s  grown a e r o b i ­

c a l l y  o r  u n d e r  low c o n c e n t r a t i o n  o f  c a rb o n  d i o x i d e .  The b i z a r r e  fo rms 

v/ere o r e s e r t  i n  g r e a . t e r  numbers  i n  s t a i n s  made from p l a t e s  grown u n d e r  

h i g h  c o n c e n t r a t i o n s  o f  c a r b o n  d i o x i d e .  In  s t a i n s  made from th e  ?0 ,  Ho, 

an d  50 n e r  c e n t  c a r b o n  d i o x i d e  a b a t e s  no r e g u l a r  d i n l o c c c c i  could, be 

d i  s t i n . g u i  s h ed .
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In  S e r i e s  2 ,  c u l t u r e  U f a i l e d  to grow above a  c o n c e n t r a t i o n  o f  

IS  p e r  c e n t  c a rb o n  d i o x i d e .  C u l t u r e s  5 and 6 r e a c t e d  d i f f e r e n t l y  to 

t h e  maximum c o n c e n t r a t i o n  o f  c a rb o n  d i o x i d e .  A sh a rp  drop o c c u r r e d  

i n  t h e  g row th  o f  c u l t u r e  5 above 50 p e r  c e n t  c a rb o n  d i o x i d e ,  w h i l e  

c u l t u r e  b grew w e l l  u n d e r  a  60 p e r  c e n t  e n r i c h m e n t .  The a v e r a g e  

c o lo n y  s i z e  o f  c u l t u r e s  p ?-nd 6 d e c r e a s e d  p r o g r e s s i v e l y  u n d e r  i n c r e a s ­

i n g  c o n c e n t r a t i o n s  o f  c a r t o n  d i o x i d e .

In  S e r i e s  },  th e  maximum c o n c e n t r a t i o n  was i n c r e a s e d  to  JO p e r  c e n t  

c a rb o n  d i o x i d e .  hone o f  th e  c u l t u r e s  o f  S e r i e s  3 p roduced  c o l o n i e s  

u n d e r  t h e  maximum c o n c e n t r a t i o n  o f  g a s  which c o u ld  be seen w i t h  t h e  

u n a i d e d  e y e .  I'o g ro w th  c o u ld  be s een  u n d e r  th e  low-power  o b j e c t i v e  o f  

t h e  m ic ro s c o p e  a g a i n s t  the  d a rk  back g ro u n d  o f  the  p l a t e s .  However, 

when dye was s p ra y e d  on th e  p l a t e s  m in u te  b l a c k  specks  a p p e a re d  which 

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

were o f  no a i d  i n  d e t e r m i n i n g  w h e th e r  o r  n o t  o rg a n ism s  were p r e s e n t ,  

f o r  no d i s t i n c t  b i z a r r e  o r  o t h e r  fo rm s  c o u ld  be d i s t i n g u i s h e d .

C u l t u r e s  8 and 9 ,  l i k e  C u l t u r e  6, a p p a r e n t l y  were r e s i s t a n t  to th e  

e f f e c t s  o f  60 p e r  c e n t  c a rb o n  d i o x i d e .  C u l t u r e s  10 and 11 were i n h i b i t e d ,

I t  would a p p e a r  a  r e a s o n a b l e  a s s u m p t io n  f rom th e  d a t a  i n  Table 8 

t h a t  g o n o co cc i  w i l l  grow m o d e r a te ly  w e l l  u n d e r  h ig h  c o n c e n t r a t i o n s  o f  

c a rb o n  d i o x i d e .  A few s t r a i n s  i n  t h e  s h o r t  s e r i e s  t e s t e d  grew u nder  a 

c o n c e n t r a t i o n  o f  oO p e r  c e n t  c a rb o n  d i o x i d e .  There i s  an i n d i c a t i o n  

t h a t  s t r a i n s  o f  g o n o co cc i  v a r y  i n  t h e i r  r e s i s t a n c e  to c a rb o n  d i o x i d e  i n  

h i g h  c o n c e n t r a t i o n s .

PART I I I .  EFF3CT OF CASHS OTHhd THAH CA3B0:i DI0XID2 Ck THE CHO’.fTH OF
COHO COCCI

So f a r  a s  we have been  a b l e  to  d i s c o v e r ,  t.ne e f f e c t  o f  g a s e s  o t h e r
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t h a n  c a rb o n  d i o x i d e  on the  g rowth  o f  gonococc i  h a s  been  t r i e d  o n ly  by 

Rockwell  and McICann (8 )  and McLeod and h i s  a s s o c i a t e s  ( 1 1 ) .  R e fe ren ce  

h a s  been  made b e f o r e  to t h e s e  e x p e r i m e n t s .  I t  was ment ioned  t h a t  

Rockwell  and McKann s t u d i e d  th e  a d a p t a t i o n  o f  g o n o co cc i  to v a r i o u s  

g a s e o u s  e n v i ro n m e n ts  a f t e r  th e  s t r a i n s  were i s o l a t e d  u nder  r ed u c e d  oxygen 

t e n s i o n .  They found  such s t r a i n s  grew u n d e r  p u r e  hydrogen b u t  n o t  under  

c a rb o n  d i o x i d e  o r  oxygen.  S t r a i n s  i s o l a t e d  u n d e r  p a r t i a l  oxygen t e n s i o n  

which  would no t  grow u nder  p u re  ca rbon  d io x id e  o r  p u r e  oxygen c o u ld  be 

a d a p t e d  to do so .  McLeod and h i s  c o l l e a g u e s  were i n f l u e n c e d  to t r y  the  

e f f e c t  o f  hydrogen  on primary '  g rowth  o f  gonococc i  from the  r e p o r t s  o f  

Rockwell  and McKann. Mo ad v an ta g e s  were o b se rv ed  from the  u s e  o f  

h y d ro g en .

As f i n a l  e x p e r im e n t s  i n  t h i s  s tu d y ,  i t  was f e l t  d e s i r a b l e  to t r y  

th e  e f f e c t  o f  hydrogen ,  c a rb o n  monoxide, and n i t r o g e n .  Hydrogen was 

s e l e c t e d  f o r  t e s t  b e ca u s e  the d e t a i l s  of  i t s  u se  by McLeod a r e  unknown. 

Carbon monoxide was i n c l u d e d  i n  the  e x p e r im en ts  s in c e  i t  u n d o u b ted ly  i s  

formed i n  smal l  q u a n t i t y  by th e  b u r n in g  o f  a c a n d le  i n  a  c l o s e d  c o n t a i n e r .  

M i t ro n en  was i n c l u d e d  s in c e  i t  e x i s t s  i n  the l a r g e s t  p e r c e n t a g e  o f  any 

g a s  i n  a i r ,  and i t s  e f f e c t  on the g row th  o f  gonococci  has n ev e r  been 

r e p o r t e d .  The e f f e c t  o f  oxygen was n o t  t e s t e d  b ec au se  the c u l t u r a l  

e x p e r im e n t s  o f  many w orkers  have d em o n s t ra ted  t h e  m i c r o - e e r o p h i l i c  r e ­

q u i r e m e n t s  o f  the  gonococcus .

In  the  f i r s t  ex p e r im e n t  the  f o l l o w i n g  a tm o sp h e r ic  c o n d i t i o n s  were

p r o v id e d :

(1 )  A tmospher ic  a i r  i n  a c lo s e d  c o n t a i n e r .  R e l a t i v e  h u m id i ty  
a p p r o x im a te ly  100 p e r  c e n t .

(2 )  Reduced oxygen t e n s io n  o b t a i n e d  by a p a r t i a l  vacuum equal  to 
n in e  cu .  o f  mercury  on the  open manometer.  R e l a t i v e  humidi ty  
a p p r o x im a te ly  100 pel' c e n t .
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(3 )  Carbon monoxide,  a p p r o x i m a te ly  10 p e r  c e n t .  R e l a t i v e  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

(4 )  Hydrogen, 10 p e r  c e n t ,  s u p p l i e d  by t a n k .  R e l a t i v e  h u m id i ty  
a p p r o x i m a te ly  100 p e r  c e n t .

(3 )  Carbon d i o x i d e ,  10 p e r  c e n t ,  s u p p l i e d  by t a n k .  R e l a t i v e  
h u m id i ty  a p p r o x i m a te ly  100 p e r  c e n t .

Carbon monoxide was f u r n i s h e d  by  the  a c t i o n  o f  c o n c e n t r a t e d  s u l ­

f u r i c  a c i d  on sodium f o r m a t e .  A s im p le  g e n e r a t o r  was made by  s e c u r i n g  

th e  shank o f  a. s e p a r a t o r y  f u n n e l  i n  t h e  neck o f  a s id e - a r m  f l a s k  by 

means o f  a  o n e - h o l e  r u b b e r  s t o p p e r .  Acid  was p l a c e d  i n  the  f u n n e l  and 

sodium fo rm a te  i n  th e  f l a s k .  The s u l f u r i c  a c i d  was a l lo w ed  to  d r i p  

o n to  t h e  sodium fo rm a te  from the  shank o f  the  f u n n e l  a t  a c o n s t a n t  r a t e .  

Gas f rom th e  g e n e r a t o r  was p e r m i t t e d  to  f lo w  th ro u g h  r u b b e r  t u b in g  

c o n n e c t i o n s  f o r  tw en ty  m in u te s  b e f o r e  an open U - tu b e  manometer and the  

c u l t u r e  j a r  were c o n n e c t e d .  The c a rb o n  monoxide gas  r e p l a c e d  t e n  p e r  

c e n t  o f  a i r  which had  been  removed by vacuum, pump f rom  th e  c u l t u r e  j a r .

Ten Tier c e n t  c o n c e n t r a t i o n s  o f  ca rb o n  monoxide and hydrogen  were 

s u p p l i e d  to c o r r e s p o n d  w i t h  a p e r  c e n t  o f  ca rbon  d i o x i d e  from the  o p t i ­

mum zone o f  c a rb o n  d i o x i d e  s t i m u l a t i o n .  I t  was r e a l i z e d  t h a t  ten  p e r  

c e n t  c a rb o n  monoxide o r  hydrogen g a s  might be c o n s i d e r a b l y  above o r  

be low  th e  n o s s i b l e  ontimum c o n c e n t r a t i o n s  o f  t h e s e  e a s e s .  In  t h i s  and 

t h e  f o l l o w i n g  e x p e r im e n t s  an i n d i c a t i o n  on ly  was sought  o f  i n h i b i t i v e  

o r  g ro w th -o ro rao t in g  p r o p e r t i e s  o f  c a rb o n  monoxide and hydrogen,  a s  w el l  

a s  n i t r o g e n .

Two c h o c o l a t e  a g a r  p l a t e s  were i n o c u l a t e d  d i r e c t l y  from c o l l e c t i o n  

f l u i d  and two from a d i l u t i o n  tube  f o r  each  c o n d i t i o n .
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Thus f o r  each  s t r a i n  and each a tm ospher ic  c o n d i t i o n ,  a t o t a l  o f  fo u r  

p l a t e s  was i n o c u l a t e d .  In  Table 9» t h e r e f o r e ,  the s i g n i f i c a n t  coun ts  

a r e  g iv e n  i n  d u p l i c a t e  f o r  n in e  s t r a i n s  o f  gonococci .

RESULTS 0? S3RISS 1

From the  c o u n t s  o f  Table 9 the  a tm ospher ic  c o n d i t i o n s  nay be 

grouped t o g e t h e r ,  o r  s i n g l y ,  a c co rd in g  to the growth s t i m u l a t i o n  a f fo rd e d .  

In  a s c e n d in g  o r d e r  they  a r e :

(1)  A erob ic ,  reduced  oxygen t e n s i o n ,  hydrogen -  p o o re s t  growth

(2 )  Carbon monoxide................................b e t t e r  growth than ( l )

(3)  Carbon d i o x i d e .................................. b e s t  growth



-  Us -

I n  Group ( l )  t h e  c o u n t s  were v e r y  much t h e  same u n d e r  t h e  t h r e e  

c o n d i t i o n s  l i s t e d ,  e x c e p t  i n  th e  c a s e  o f  C u l t u r e  5 which  grew u n d e r  

h y d ro g e n  o n l y .

Carbon monoxide d e f i n i t e l y  was s u p e r i o r  to t h e  g aseo u s  c o n d i t i o n s  

o f  g roup  (1 )  and v e r y  n e a r l y  on a  p a r  w i t h  c a rb o n  d i o x i d e .  C u l t u r e  #1 ,  

how ever ,  grew l u x u r i a n t l y  u n d e r  c a rb o n  d i o x i d e  and  s p a r s e l y  u n d e r  

c a rb o n  monoxide.  C u l t u r e  #7 grew o n l y  u n d e r  c a rb o n  d i o x i d e .

SEHISS 2

I t  a p p e a r e d  from th e  l i m i t e d  d a t a  o f  Tab le  9 t h a t  ca rbon  monoxide 

g a s  p r o v i d e s  a  s t i m u l u s  f o r  g row th  o f  gonococc i  g r e a t e r  than  t h a t  o f  

m o i s t  a i r .

Such e v id e n c e  c o u ld  n o t  be a c c e p t e d ,  o f  c o u r s e ,  w i th o u t  r u l i n g  o u t  

t h e  p o s s i b i l i t y  t h a t  t r a c e s  o f  c a rb o n  d i o x i d e  i n  th e  gas  from the  

g e n e r a t o r  p r o v i d e d  g ro w th  s t i m u l a t i o n  r a t h e r  t h a n  ca rbon  monoxide.  A 

second  s e r i e s  o f  specimens  was c u l t u r e d ,  t h e r e f o r e ,  u nder  t h e  condi­

t i o n s  o f  S e r i e s  1 ,  w i t h  the  d i f f e r e n c e  t h a t  c a rb o n  monoxide g a s  was 

b u b b l e d  th ro u g h  a. column o f  UO p e r  c e n t  p o t a s s iu m  h y drox ide  s o l u t i o n  

c o n t a i n i n g  p y r o g a l l o l .  A t o t a l  o f  s i x t e e n  s t r a i n s  o f  gonococc i  were 

c u l t u r e d .  D u p l i c a t e  p l a t i n g s  were made a s  i n  S e r i e s  1 .  The p l a t e  

c o u n t s  o f  t h i s  s e r i e s  a r e  p r e s e n t e d  i n  Table 10 .

HE SUITS 0? SiSHIES 2

Fne g r o u p in g  o f  a tm o sp h e r ic  c o n d i t i o n s  i n  S e r i e s  2,  a c c o r d in g  

to t h e  g row th  s t i m u l a t i o n  a f f o r d e d  by them, had to  be m o d i f ied  from 

th e  o r d e r  g iv e n  i n  S c r i e s  1 .  Prom the  d a t a  o f  Table  10 ,  the  r e l a t i o n ­

s h ip  was a s  f o l l o w s ;



(1 )  A erob ic  c o n d i t i o n ....................................p o o r e s t  growth

(2 )  Reduced oxygen t e n s io n ,  carbon  monoxide, and hydrogen 
.............................................................................b e t t e r  growth than  (1)

( 3 )  Carbon d i o x i d e ...........................................b e s t  growth

Vfith th e  e x c e p t i o n s  of  c u l t u r e s  7 and 13. the  growth o f  gonococci  

u n d e r  reduced  oxygen t e n s io n ,  carbon monoxide, and hydrogen was g r e a t e r  

than  u nder  the  a e r o b i c  c o n d i t i o n .  C u l tu re  2 f a i l e d  to grow a e r o b i c a l l y  

b u t  d i d  grow under  th e  t h r e e  c o n d i t i o n s  o f  Croup ( 2 ) .

? o u r  s t r a i n s  (1 ,  S, 9 ,  and lU) grew under  carbon  d iox ide  b u t  d id  

n o t  grow under  o t h e r  a tm ospheres .  With n e a r l y  a l l  c u l t u r e s ,  the
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p o p u la t io n  under carbon d io x id e  w as g r e a te r  than under o th e r  c o n d it io n s .

The s u r p r is in g  grow th s t im u la t io n  cau sed  by carbon monoxide fo r  

th e  d u ltu r e s  o f  S e r ie s  1 was n o t p r o v id ed  by carbon monoxide bubbled  

through p o ta ss iu m  h y d r o x id e . I t  i s  h ig h ly  p ro b a b le  th a t  carbon d io x id e  

was p r e s e n t  in  g a s  produced by rem oval o f  w ater from sodium form ate by 

s u l f u r i c  a c id .

Jrom t h i s  s h o r t  s e r i e s  t h e r e  seems l i t t l e  e v i d e n c e  t h a t  c a r b o n  

monoxide and  h y d ro g e n  i n  t e n  p e r  c e n t  c o n c e n t r a t i o n s  p r o v i d e  a n y  ad­

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

oxygen  t e n s i o n  p r o d u c e d  by p a r t i a l  vacuum. No d e l e t e r i o u s  e f f e c t s  c o u ld  

be  d e t e c t e d  f ro m  t h e i r  u s e .  S ince  b e t t e r  g ro w th  d e v e lo p e d  u n d e r  c a rb o n  

monoxide and  h y d ro g e n  t h a n  u n d e r  t h e  a e r o b i c  c o n d i t i o n ,  i t  i s  p r o b a b l e  

t h a t  an y  v a l u e  t h e  g a s e s  p o s s e s s  i n  c u l t u r e  o f  g o n o c o c c i  i s  i n  t h e i r  

u s e  f o r  p r o d u c t i o n  o f  a  r e d u c e d  oxygen  t e n s i o n .

PART I l i a .  THE EFFECT OP NITROGEN ON GROWTH OF GONOCOCCI

The e x p e r im e n t  on t h e  e f f e c t  o f  n i t r o g e n  d i d  n o t  f o l l o w  t h e  p l a n  

o f  P a r t  I I I .  The g a s e o u s  c o n d i t i o n s  were  somewhat d i f f e r e n t  t h a n  i n  

S e r i e s  1 an d  2 o f  P a r t  I I I ,  s i n c e  P a r t  I l i a  was s u b o r d i n a t e  to  a n o t h e r  

s t u d y .

The f o l l o w i n g  e t r r .o spher ic  d o n d i t i o n s  were p r o v id e d :

( 1 )  A tm o sp h e r i c  a i r .  R e l a t i v e  h u m id i ty  60-J0  p e r  c e n t .

( 2 )  Reduced oxygen t e n s i o n  p r o v i d e d  by a p a r t i a l  vacuum o f  
t e n  cm. o f  m erc u ry  (open  m anom ete r ) .  R e l a t i v e  h u m id i ty  
a n o r o x i r n a t e l y  100 p e r  c e n t .

( 3 )  N i t r o g e n  10 p e r  c e n t ,  s u p p l i e d  by  t a n k .  R e l a t i v e  h u m id i ty  
a p p r o x i m a t e l y  100 p e r  c e n t .

( b )  Carbon d i o x i d e  10 p e r  c e n t ,  s u p p l i e d  by t a n k ,  r e l a t i v e  
h u m i d i t y  a p p r o x i m a t e l y  100 p e r  c e n t .
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( 5 )  Carbon d io x id e  s u p p l i e d  "by c a n d le .  B e l a t i v e  h um id i ty  
a p p r o x im a te ly  100 p e r  c e n t .

S in g le  p l a t e s  o n ly  were i n o c u l a t e d  i n  t h i s  exper im ent  f o r  each 

s t r a i n  and d i l u t i o n  u n d e r  the  r e s p e c t i v e  a tm ospher ic  c o n d i t i o n s .  The 

r e s u l t s  a r e  p r e s e n t e d  i n  Table 11 by the  same p l a t e  count  method used 

i n  p r e v i o u s  t a b u l a t i o n s .
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RESULTS OP PART I l i a

I t  i s  p o s s i b l e  from th e  c o u n t s  o f  Table  11 to  group the  atmos­

p h e r i c  c o n d i t i o n s  o f  th e  e x p e r im en t  i n  the  f o l l o w i n g  o r d e r  a c c o r d in g  

to t h e  g ro w th  s t i m u l a t i o n  p ro d u ced ;

( 3 )  Carbon d i o x i d e  10 p e r  c e n t , " c a n d l e " . . . . b e s t  growth 

I t  w i l l  be n o t e d  t h a t  d e s p i t e  the  d i f f e r e n c e s  i n  m o is tu r e  c o n t e n t  

o f  t h e  a e r o b i c  and n i t r o g e n  c o n d i t i o n s ,  r ro w th  u n d e r  the  two was 

p r a c t i c a l l y  th e  same, w i t h  the  e x c e p t i o n  o f  c u l t u r e  5 which grew w el l  

u n d e r  n i t r o g e n  and p o o r l y  i n  a i r .

A l l  c u l t u r e s  grew b e t t e r  u n d e r  re d u ce d  oxygen t e n s i o n  than  i n  a i r  

o r  i n  a i r  e n r i c h e d  w i t h  n i t r o g e n .

The b e s t  g row th  o c c u r r e d  u n d e r  t e n  p e r  c e n t  ca rbon  d i o x id e  and 

c a rb o n  d i o x i d e  s u p p l i e d  by c a n d l e .

Ho i n d i c a t i o n  i s  seen  from t h i s  exper im en t  t h a t  n i t r o g e n  i n  t e n  

p e r  c e n t  c o n c e n t r a t i o n  i s  b e n e f i c i a l  t o  the  p r im a r y  growth o f  gonococc i .  

By i n d i r e c t  ev id e n c e  t h e r e  i s  some i n d i c a t i o n  t h a t  t h i s  amount o f  gas  

a f f o r d s  l e s s  g row th  th an  a i r  s a t u r a t e d  w i th  m o i s t u r e ,  s in c e  nrowth  i n  

an e tm o sn h e re  o n l y  p a r t i a l l y  m o is te n e d  a f f o r d e d  growth  equal  to t h a t  

o f  n i t r o g e n .

( 1 )  A e ro b ic  & N i t r o g e n . . . .

( 2 )  Reduced oxygen t e n s i o n

p o o r e s t  growth 

b e t t e r  g rowth  than  ( l )



DISCUSSION

C h r i s t i a n s e n  and S choen le in  ( 2 ) have shown t h a t  a  cand le  burned 

i n  a  c l o s e d  c o n t a i n e r  p r o v id e s  an environment  f o r  the  gonococcus q u i t e  

a s  f a v o r a b l e  a s  t e n  p e r  c e n t  carbon  d io x id e  s u p p l i e d  by tan k .  I t  i s  

b e l i e v e d  by some (28) t h a t  the  cand le  s u p p l i e s  ap p ro x im a te ly  10 p e r  

c e n t  c a rb o n  d i o x i d e ;  t h e r e f o r e ,  i t s  e f f i c a c y  i s  th e  same as  a measured 

amount of  g as .

By gas  a n a l y s i s  i t  wa.s shown in  t h i s  s tudy t h a t  approx im ate ly  2 .3  

p e r  c e n t  carbon d io x id e  i s  formed by the  b u rn in g  o f  a  candle  i n  a  

c l o s e d  c o n t a i n e r  o f  s i x  l i t e r s  c a p a c i t y .  This  p e r c e n ta g e  i s  s l i g h t l y  

low er  than  t h a t  g iv en  by ITye and Lamb (21) f o r  a  c o n t a i n e r  o f  l i k e  s i z e .

C o n f i rm a t io n  o f  th e  o b s e r v a t i o n s  o f  C h r i s t i a n s e n  and Schoenle in  i s  

g iv e n  i n  P a r t  I o f  t h i s  t h e s i s  where i t  was shown by c u l t u r e  o f  sp e c i ­

mens from a c u te  c a s e s  o f  gonorrhea  t h a t  the  "cand le"  environment i s  

th e  equa l  o f  an a tmosphere  e n r i c h e d  w i th  t e n  p e r  cen t  carbon d io x id e .

Not o n l y  were th e  number o f  s t r a i n s  o f  gonococci p r a c t i c a l l y  the  same 

b u t  t h e  p o p u l a t i o n s  s u s t a in e d  by b o th  atmospheres  were found by count 

to be n e a r l y  th e  same.

Two c o n d i t i o n s  o f  p a r t i a l  vacuum p r o v id in g  reduced  oxygen t e n s io n s  

e q u i v a l e n t  to th o se  produced by t e n  p e r  c e n t  carbon d iox ide  enr ichment  

and the  "cand le"  were found to be i n f e r i o r  to carbon d io x id e  f o r  growth 

s t i m u l a t i o n ,  h o t  o n ly  i n  P a r t  I b u t  th roughou t  the s tu d y ,  wherever  

the  c o n d i t i o n s  o f  reduced  oxygen t e n s i o n  and carbon d io x id e  were com­

p a r e d ,  no s t r a i n  grew under  reduced  oxygen t e n s io n  ( -p a r t i a l  vacuum) 

t h a t  d i d  n o t  grow under  carbon d i o x i d e .  On the  o t h e r  h and ,apu rox im a te ly
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25 p e r  c e n t  more s t r a i n s  were i s o l a t e d  under  ca rbon  d io x id e  th a n  under 

r e d u c e d  oxygen t e n s i o n .

In  P a r t  I  th e  a e r o b i c  c o n d i t i o n  was found to  be i n f e r i o r  to the  

" c a n d le "  and t e n  p e r  c e n t  ca rbon  d i o x i d e  c o n d i t i o n s .  I t  i s  t r u e  t h a t  

t h e  r e l a t i v e  h u m id i ty  o f  the  a e r o b i c  env ironment  was l e s s  t h an  t h a t  

p r o v i d e d  i n  th e  ca rb o n  d io x id e  c u l t u r e  j a r s .  This  i n e o u a l i t y  i n  

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

a e r o b i c  c o n d i t i o n  r e n ro d u c e  th e  a tmosphere  and h u m id i ty  o f  the  average  

i n c u b a t o r .  Where a c o n d i t i o n  o f  m o i s tu r e  was n r o v id e d  i n  the a e ro b ic  

method equal  to t h a t  i n  a carbon  d i o x i d e  c u l t u r e  j a r ,  as  shown i n  

Table  5* th e  ca rbon  d i o x i d e  method was s u p e r i o r ,  even though the  com­

p a r i s o n  was made w i th  a e r o b i c  s t r a i n s .  No s t r a i n  grew a e r o b i c a l l y  

t h a t  d i d  n o t  crow u n d e r  ca rbon  d i o x id e  i n  any o f  the  ex p e r im e n ts  of  

t h e  t h e s i s .

The e f f e c t  o f  m o i s tu r e  on a e r o b i c  s t r a i n s  o f  the  gonococcus  i s  

s t r i k i n g l y  i l l u s t r a t e d  i n  Table  3* some i n s t a n c e s  growth was 10

o r  more t im es  g r e a t e r  u nde r  a  s a t u r a t e d  a tmosphere  than  under  a. r e l a ­

t i v e  h u m id i ty  o f  60 to JO p e r  c e n t .

A compar ison  o f  the  e f f i c a c y  o f  a e r o b i c  and reduced  oxygen ten ­

s i o n  ( n a r t i a l  vacuum) env i ronm ents  f o r  growing the  gonococcus can 

s c a r c e l y  be made f rom the  m a t e r i a l  i n  t h i s  t h e s i s ,  s in c e  the  r e l a t i v e  

h u m id i ty  was d i f f e r e n t  when a  l a r g e  number o f  specimens were c u l t u r e d  

i n  d u p l i c a t e .  I n  T a b le s  9 and 10 where comparison i s  made o f  a e r o b ic  

c o n d i t i o n  an a  r e d u c e d  oxygen t e n s i o n ,  w i th  the  r e l a t i v e  h u m id i ty  th e  

same, t h e r e  i s  a s u g g e s t i o n  t h a t  r ed u c ed  oxygen t e n s i o n  w i l l  o r o v id e  

th e  b e t t e r  g row th .

4



A p la t e  count was v a lu a b le  in  a l l  the experim ents undertaken, 

b u t the tech n iq u e w as, w ith o u t doubt, a n e c e s s i t y  in  determ in ing the 

l i m i t s  o f  op tim al carbon d io x id e  s t im u la t io n . Proper d i lu t io n  o f  the 

o r ig in a l  specim en and adequate d is t r ib u t io n  o f  inoculum  were req u ired  

to o b ta in  p la te B  s u ita b le  fo r  co u n tin g . Bent g la s s  rods were the  

b e s t  means found fo r  secu r in g  an even spread o f  organism s.

In  P a r t  I  i t  was d e m o n s t r a t e d  by c u l t u r e  o f  68 s t r a i n s  t h a t  th e  

gono co ccu s  grows e q u a l l y  w e l l  u nder  a tm ospheres  e n r i c h e d  w i th  2.3  p e r  

c e n t  and  t e n  p e r  c e n t  c a rb o n  d i o x i d e .  In  P a r t  I I ,  by c u l t u r e  o f  60 

s t r a i n s  o f  g o n o c o c c i ,  e v id e n c e  was p r e s e n t e d  to show t h a t  g rowth  o cc u r s  

e q u a l l y  w e l l  o v e r  an  even w id e r  zone o f  carbon  d i o x i d e  c o n c e n t r a t i o n s .  

The lo w e r  l i m i t s  o f  t i l s  zone a r e  be tw een  two and 2.3  p e r  c e n t  and the 

u p p e r  l i m i t s  from 18 to 2? p e r  c e n t .

U n t i l  t h e  a c t u a l  n a t u r e  o f  c a r b o n  d i o x id e  s t i m u l a t i o n  o f  the  

gono co ccu s  i s  known, i t  i s  f e l t  t h a t  s e t t i n g  d e f i n i t e  l i m i t s  upon the 

o p t i m a l  zone must be done w i t h  c a u t i o n .  I f ,  ° s  V a l l e y  and H e t t g e r  

b e l i e v e  ( 26 ) ,  t h e  e f f e c t  o f  ca rbon  d i o x i d e  i s  b e n e f i c i a l  to micro­

o r g a n i s m s  so l o n g  a s  t h e  oH o f  th e  medium rem ains  c o n s t a n t ,  a. medium 

h i g h l y  b u f f e r e d ,  c o n t a i n i n g  n o n - to x i c  b u f f e r s ,  might  s u o u o r t  l u x u r i ­

a n t  g ro w th  o f  g o n o co cc i  u nde r  h ig h  c o n c e n t r a t i o n s  of  carbon d i o x i d e .

I t  i s  n e c e s s a r y  to  s p e c i f y ,  t h e r e f o r e ,  t h a t  the  o n t im a l  l i m i t s  es­

t a b l i s h e d  i n  t h i s  t h e s i s  were done w i t h  the  s u b s t r a t e  known a s

" c h o c o l a t e "  a g a r ,  D i f c o .

I t  i s  f e l t  t h a t  t h e  e s t a b l i s h m e n t  o f  the  zone o f  optimum growth 

o f  the  gonococcus  u n d e r  ca rbon  d i o x id e  w i l l  be o f  more than  t h e o r e t i c a l
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I n t e r e s t .  Medical  b a c t e r i o l o g i s t s  a c c e p t  a lm os t  s l a v i s h l y  the  dic tum 

t h a t  p r im a r y  c u l t u r e . ,  prow b e s t  u n d e r  te n  p e r  c e n t  o f  the  g a s .  C e r t a in  

w orkers  i n  the  w r i t e r 1s e x p e r i e n c e  have been d i s c o u r a g e d  from a t te m p t ­

i n g  c u l t u r a l  work i n  the  b e l i e f  t h a t  methods o f  su p p ly in g  ca rbon  d io x id e

a.re too e x a c t i n g  f o r  the  ave rage  b a c t e r i o l o g i s t .  While t e n  n e r  c e n t ,  o r  

t h e r e a b o u t ,  i s  s t i l l  the  c o n c e n t r a t i o n  o f  c h o ice ,  s in c e  i t  i s  i n  the  

middle  o f  th e  o p t im a l  zone,  measurement need n o t  be ex ac t  i f  gas  i s  to 

be s u n p l i e d  by t a n k .  For  r o u t i n e  c u l t u r e  the ca n d le  i s  to be p r e f e r r e d  

to time-consuming  measurement o f  gas  by manometer.

I t  i s  n o t  s u r p r i s i n g  t h a t  gonococci  a r e  a b l e  to grow w e l l ,  i f  not  

l u x u r i a n t l y ,  under  30 and even UO p e r  c en t  o f  ca rbon  d io x id e .  Since 

th e  o p t im a l  zone i s  f a i r l y  wide,  one would ex p ec t  a  g rad u a l  i n c r e a s e  

i n  the i n h i b i t i v e  e f f e c t  o f  the  gas  above t h i s  zone, r a t h e r  th a n  an 

a b r u p t  c e s s a t i o n  o f  growth in  p e r c e n t a g e s  o f  gas im m ediately above IS 

to  22 p e r  c e n t .  The d a t a  o f  Table 8 on growth u nder  h igh  c o n c e n t r a t i o n s  

o f  gas  l e n d  i n d i r e c t  su p p o r t  to P a r t  I I .

ITei ther  hydrogen ,  n i t r o g e n ,  nor  carbon monoxide i n  t e n  p e r  c e n t  

c o n c e n t r a t i o n s  showed any ev idence  o f  s t i m u l a t i n g  growth o f  gonococc i .

As s t a t e d  i n  P a r t  I I I ,  ca rbon  monoxide was t e s t e d  to d i s c o v e r  i f  t h i s  

gas  c o n t r i b u t e d  to g rowth  s t i m u l a t i o n  i n  n c a n d le  j a r .  The exoer iment  

does  n o t  e n t i r e l y  answer  the  q u e s t i o n ,  s in ce  the  c o n c e n t r a t i o n  of  c a r ­

bon monoxide i n  the  t e s t s  was u n d oub ted ly  f a r  g r e a t e r  than th e  amount 

■nresent i n  a can d le  j a r .  However, s in c e  carbon monoxide i s  n o t  a  nor­

mal c o n s t i t u e n t  o f  a i r  and i s  no t  e s s e n t i a l  to b a c t e r i a l  metabol ism,  

a s  i s  ca rbon  d i o x i d e ,  i t  i s  n r o b a b le  t h a t  t h i s  i n e r t  gas  does n o t  con­

t r i b u t e  to g rowth .



SUMMARY

By g a s  a n a l y s i s  i t  was e s t a b l i s h e d  t h a t  a o u r o x im a te ly  2 . ^  p er c e n t  

o f  c a rb o n  d i o x i d e  i s  f u r n i s h e d  by  b u r n i n g  a  c a n d le  i n  a  c l o s e d  

c o n t a i n e r  o f  s i x  l i t e r s  c a p a c i t y .  This  p e r c e n t a g e  i s  s l i g h t l y  l e s s  

t h a n  t h r t  s t a t e d  by  Kye and Lamb.

By p l a t e  c o u n t  o f  s t r a i n s  from a c u t e  male c a s e s  o f  g o n o r rh e a ,  i t  

was found  t h a t  e o u a l  g rowth  o f  g onococc i  o c c u r s  i n  a j a r  i n  which 

a c a n d le  f u r n i s h e s  c a rb o n  d i o x i d e  and i n  a  j a r  whose a tm osphere  i s  

e n r i c h e d  w i th  t e n  p e r  c e n t  c a rb o n  d i o x i d e .  This  co n f i rm s  the  

o b s e r v a t i o n s  o f  C h r i s t i a n s e n  and S c h o e n le in .

An i n c r e a s e  i n  a tm o s p h e r i c  m o i s t u r e  c o n t e n t  was found to  s t i m u l a t e  

g ro w th  o f  a e r o b i c  s t r a i n s  o f  th e  gonococcus c o n s i d e r a b l y .

I n  a l l  t h e  e x p e r i m e n t s  i n  which a  com par ison  was made o f  th e  

e f f i c a c y  o f  atm ospheric a i r ,  reduced oxygen t e n s i o n  produced by 

p a r t i a l  vacuum, and a i r  r e i n f o r c e d  v d th  c a rb o n  d i o x i d e ,  t h e  l a t t e r  

c o n d i t i o n  was f o u n d  to p roduce  the  b e s t  growth o f  g o n o c o c c i .  

P r im a r y  s t r a i n s  o f  the  gonococcus  were found to grow e q u a l l y  w e l l  

on "choccla. t e "  arrar i n  a zone o f  c a rb o n  d i o x i d e  en r ichm en t  w i th  

e lo w er  l i m i t  be tw een  two and 2 .J. p e r  c e n t  and an uoper  l i m i t  

b e tw een  I d  and 22 p e r  c e n t .

A m od era te  g ro w th  o f  g onococc i  was o b t a i n e d  i n  p e r c e n t a g e s  o f  

c a rb o n  d i o x i d e  a s  h i g h  as  hO p e r  c e n t .  The morphology o f  the  

o rg a n i sm  was c o n s i d e r a b l y  changed by growth  u nde r  h ig h  c o n c e n t r a ­

t i o n s  o f  t h i s  g a s .

h y d ro g e n ,  c a rb o n  monoxide,  and n i t r o g e n  g a s e s  i n  c o n c e n t r a t i o n s  of 

10 p e r  c e n t  i n  a i r  do n o t  c o n t r i b u t e  growth  s t i m u l a t i o n  to 

g o n o c o c c i .
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