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Abstract:
The history of the disease, diphtheria, is discussed, especially in the light of recent epidemics. Throat
cultures from 200 Montana State College students were studied to determine the number carrying
diphtheria or diphtherialike organisms. Thirteen organisms were isolated and compared
morphologically and physiologically with 14 known cultures of Corynebacterium diphtherias,
submitted by Frobisher and Galbraith, that had been cultured from the throats of patients with
diphtheria infections. All these organisms varied in some characteristic, so no serious attempt to
classify them was made. Five strains appeared very similar, to known cultures of C. diphtherias type
minimus. The other eight differed in at least one character from any of the corynebacteria described in
Bergey's Manual. The advantages and disadvantages of Loeffler's and Pai's media for primary
culturing, of the tellurite medium employed and of "chocolate" agar for purification are presented. The
Schick reactions of the students from whom these cultures had been obtained were determined, but
being negative, no further work was done. Cultures were made also from the throats of students with
pharyngitis, but no diphtheria or diphtherialike organisms were found. Possible reasons for this are
discussed. 
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ABSTRACT

The h i s t oiy of th e  d is e a s e ,  d ip h th e r ia ,  i s  d isc u sse d , e s p e c ia l ly  in  
th e  l i g h t  o f re c e n t ep id em ics . Throat c u ltu re s  from  200 Montana S ta te  
C ollege s tu d e n ts  Tivere s tu d ie d  to  determ ine th e  number c a r ry in g  d ip h th e r ia  
or d ip h th e r ia l ik e  organism s. T h irte e n  organism s were is o la te d  and com­
pared  m o rp h o lo g ica lly  and p h y s io lo g ic a lly  w ith  llr known c u ltu re s  o f 
Corynebacterium  d ip h th e r ia s , .subm itted  by F ro b ish e r and G a lb ra ith , t h a t  had 
been c u ltu re d  from th e  th r o a t s  o f p a t ie n ts  w ith  d ip h th e r ia  in f e c t io n s .  A ll  
th e se  organism s v a r ie d  in  some c h a r a c t e r i s t i c ,  so .no  se r io u s  a ttem p t to  
c la s s i f y  them was made. F ive  s t r a in s  appeared  very  sim ilar, to  known c u l­
tu re s  o f C. d ip h th e r ia e  type minimus. The o th e r  e ig h t  d i f f e r e d  i n  a t  
l e a s t  one c h a ra c te r  from any o f th e  c o ry n e b a c te r ia  .d esc rib ed  in  Bergey1s 
Manual. The advantages and d isad v an tag es  of L o e f f le r 's  and F a i 1s media 
fo r  prim ary c u l tu r in g ,  o f th e  t e l l u r i t e  medium employed and o f  "choco la te"  
ag ar f o r  p u r i f i c a t io n  a re  p re se n te d . The Schick re a c t io n s  of th e  s tu d e n ts  
from whom th e s e  c u ltu re s  had been o b ta in ed  w ere de term ined , b u t being  
n e g a tiv e , no f u r th e r  work was done. C u ltu re s  were made a ls o  from the  
th r o a ts  of s tu d e n ts  w ith  p h a ry n g it is ,  b u t no d ip h th e r ia  or d ip h th e r ia l ik e  
organism s were found . P o ss ib le  reaso n s f o r  t h i s  a re  d iscu ssed .



A STUDY OF CORYNEBACTERIA ISOLATED FROM HUMAN THROATS 

INTRODUCTION .

D ip h th e ria  was once co n sid ered  to  be a  d ise a se  whose c h ie f  s u f fe re r s  

Tfere c h ild re n , p a r t i c u la r ly  th ose  o f p re sch o o l age. I n  some o f th e  more 

re c e n t  ep idem ics, however, a t t e n t io n  has been drawn to  the  number of those  

a f f l i c t e d  who were o f c o lle g e  age or o ld e r . Although s e v e ra l  surveys 

have been  made to  determ ine w hether c h i ld re n  were c a r r i e r s  o f d ip h th e r ia  

organism s, very  few such in v e s t ig a t io n s  have been conducted on co lleg e  

s tu d e n ts . T h e re fo re , i t  was f e l t  t h a t  in  view of the s h i f t  in  age of 

th o se  c o n tra c tin g  d ip h th e r ia ,  i t  would be v a lu ab le  t o  determ ine th e  per= 

cen tage  o f an u n se le c te d  group of freshm en s tu d e n ts  a t  Montana S t a t e ■ 

C ollege Titiio harbored  d ip h th e r ia  o r d ip h th e r ia l ik e  organism s.

As a  p a r t  o f t h e i r  Freshman Week p h y s ic a l exam ination , each s tu d en t 

i s  g iven  a  Schick  t e s t .  Those showing a p o s i t iv e  r e a c t io n  a re  g iven  th e  

s tan d a rd  im m unization in o c u la tio n s  a g a in s t  d ip h th e r ia .  S ince th e  inform a­

t io n  concern ing  the r e s u l t s  o f the  Schick re a c t io n  whs a v a i la b le ,  i t  was 

planned to  r e c u l tu r e  th e  th r o a ts  o f th o se  s tu d e n ts  showing a p o s i t iv e  ■ 

Schick r e a c t io n ,  and from whom c o ry n e b a c te r ia  had been i s o la te d  to  d e te r -  

mine th e  e f f e c t  o f t h e i r  im m unization on th e  f lo r a  of the  th r o a t .  This' was 

to  be done approx im ately  s ix ty  days a f t e r  th e  com pletion  o f th e  immuniza­

t io n .

I n  th e  c u l tu r a l  d ia g n o sis  o f d ip h th e r ia ,  Loef i l e r ' s  b lood  serum has. 

commonly been employed s in ce  i t  was f i r s t  d e sc r ib e d  by L o e f f le r  in  l88iu  

McGnigan and F ro b ish e r (1936) m entioned th e  use o f P a i 's  medium a^ a  sub­

s t i t u t e .  In  t h e i r  op in ion  th e  l a t t e r  was as r e l i a b l e  a medium- as L o e f f le r 1
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and s im p le r to  p re p a re » I t  was, the r e f e r  e> decided  to  compare th e se  media 

when c u l tu r in g  th e  organism s from th e  s tu d e n ts  * th r o a ts .

Some c o n tra d ic to ry  s ta tem en ts  a re  con ta in ed  in  th e  l i t e r a t u r e  as to  

w hether th e  d ip h th e ro id s , organism s m orpholog icalIy  resem bling 

Gorynebacterium  d ip h th e r ia s  (F lugge) Lehmann and Neumann, b u t w ith  d i f f e r ­

e n t p h y s io lo g ic a l p r o p e r t ie s ,  ace in h ib i te d  by th e  potassium  t e l l u r i t e  

employed in  th e  media now w id e ly  used fo r  th e  i s o la t io n  and id e n t i f i c a t io n  

o f G. d ip h th e r ia e . There i s  a lso  a  q u es tio n  as to  w hether th e  C. d ip h th e -  

r i a e  p o p u la tio n  o f a p p a ren tly  normal th r o a t s  d i f f e r s  from t h a t  of th r o a ts  

showing p a th o lo g ic a l c o n d it io n s . The p re s e n t study was undertaken  to  

o b ta in  f u r th e r  in fo rm a tio n  on th e s e  p o in ts .

REVIEW OF LITERATURE

H is to r ic a l  Background '

D ip h th e ria  was e s ta b lis h e d  as a c l i n i c a l  e n t i t y  in  1826 by Bretonneau 

o f Tours, France (Sm ith and M artin , 191+8). I t  .was n o t, however, u n t i l  

1883 th a t  th e  d ip h th e r ia  organism  was d e sc rib e d  by Klebs in  smears from 

th e  membrane i n  th e  th ro a ts  o f p a t ie n ts  w ith  th e  d is e a s e .  L o e f f le r  i s o -  ■ 

la te d  th e  organism  in  a  pure c u ltu re  in  t h e  fo llo w in g  y e a r . ' For th i s  

re a so n  Gorynebacterium  d ip h th e r ia e  (F lugge) Lehmann and Neumann i s  o ften  

r e f e r r e d  to  a s  th e  K le b s-L o e ffle r  b a c i l l u s .  Form erly th e re  was some doubt 

as to  th e  r e la t io n s h ip  o f th e se  organism s to  d ip h th e r ia ,  s in c e  th ey  were 

a ls o  o c c a s io n a lly  found in  th e  th ro a ts  o f normal people and w ere n p t always 

p re s e n t in  pseudomembranes. Some of th e  system ic m a n ife s ta tio n s -  of the  

in f e c t io n  w hich a re  now known to  be due t o  th e  acjtioh p f th e  ,d ip h th e ria
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to x in  were a lso  a cause o f co n fu sio n . The d isco v ery  of. th e  ex o to x in  by 

Roux and Y ersin  i n  1888 e lim in a te d  th e se  doubts and e s ta b lis h e d  th e  e t i ­

o lo g ic a l  r e la t io n s h ip  o f C, d ip h th e r ia s  to  d ip h th e r ia .

A m alignan t form of .d iph theria , appeared in  France sometime between 

1850 and i860 (Sm ith and M artin , 19U8) and sp read  over th e  w o rld , re ach in g  

a  peak in  London i n  l87lj.. This v i r u l e n t  form was found i n  Boston in  1872, 

where th e  d ea th  r a t e s  in c re a se d  from 35 p e r 100,000 in  1872 to  218 per 

100,000 in  1881. Sm aller epidem ic waves r e c u r r in g  a t  f iv e  to  te n  y e a r 

in te r v a l s  w ere reco rded  th ro u g h o u t th e  w orld from 1880 to  1930. S ince 

th en  the  death  r a t e  from d ip h th e r ia  has d e c lin e d , even in  th e  co u n trie s  

where p ro p h y la c tic  im m unization has no t been  employed, as i n  Norway. In  

New York th e  death  r a t e  dropped from 1,175 and 1,005 p e r 100,000 in  1881 

and 1887, r e s p e c t iv e ly ,  to  a lm ost none in  1935» This d e c lin e  i n  th e  num­

b e r of d e a th s  wad a t t r ib u te d  to  d ip h th e r ia  a n t i to x in  which was made a v a i l ­

ab le  to  ev ery  d ip h th e r ia  p a t ie n t  b y .1900 and to  mass im m unization which 

was s ta r te d  in  1915. (A mord d e ta i l e d  h is to r y  of d ip h th e r ia  can be found 

in  Smith and M artin , 19U8.)

D e sc rip tio n  of Corynebacterium  d ip h th e r ia s  

Corynebacterium  d ip h th e r ia s  i s  a  non-moti l e ,  gram p o s i t iv e  ro d , occur- 

r i n g 's in g ly ,  and vary in g  g h e a tly  in  s iz e  (Brped, e t  a l . ,  19U8). - The a rran g e­

ment o f t h e  c e l l s  i s  e s p e c ia l ly  c h a r a c t e r i s t i c .  Ih en  th e  c e l l s  d iv id e , th e  

c e l l  membrane g ives way on one s i d e . • This r e s u l t s  in , a snapping p o s t-  

f i s s io n  movement and in  th e  fo rm ation  o f a p a lis a d e  o r chine Se l e t t e r -  

arrangem ent . F ro b ish e r (19lt9) f e e l s  t h i s  to  be "an e s p e c ia l ly  u s e fu l
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d ia g n p s tic  f e a tu r e " /  However, 'B is s e t (1950) r e f e r s  to  t h i s  p o s t - f i s s io n  

movement as be ing  "an in te r e s t in g  bu t q u ite  un im portan t a r t i f a c t 11= U sual­

ly  th e  ro d s  a re  s t r a i g h t ,  b u t o f te n  th ey  appear to  be s l i g h t l y  curved and 

f re q u e n tly  a re  sw ollen  a t  one o r b o th  ends. The rods do n o t ,  a s  a  r u l e ,  

s t a in  even ly  w ith  m ethy]ehe b lu e , b u t show a l t e r n a t e  bands o f s ta in e d  and 

u n s ta in e d  m a te r ia lo Very o f te n  m etachrom atic g ranu les ap p ear. These a re  

r e f e r r e d  t o  a s  p o la r  b o d ie s  when th ey  a re  lo c a te d  a t  th e  ends o f the 

organism . These g ran u le s  a re  a ls o  term ed a r t i f a c t s  by B is s e t  (19!?0) as 

th ey  a re  found on ly  in  d r ie d  and s ta in e d  p re p a ra t io n s , He b e lie v e s  them 

to  be "d ried  ag g regates o f n u c lea r and, p ro b ab ly , re se rv e  food m a te r ia l" .

J u s t  as th e  organism s v a ry  g re a t ly  in  morphology, so th e  colony 

forms v a ry . These v a r ia n ts  have been d e sc rib ed  as fo llo w s:

1 . Smooth (S) w ith  a  g l is te n in g  su r fa c e  and even ed g es .

2. Rough (R) having a d u l l  s u r fa c e  and uneven m arg ins.

3 . In te rm e d ia te s , which in c lu d e

a . Sr., which more n e a r ly  resem bles th e  pure S form .

b . rS , which a re  very  s im ila r  to  th e  R.

c .  SR co lo n ie s  which show p ro p e r t ie s  th a t  a re  n o t l ik e  e i th e r

S or R. •

Iu Dwarf (D) w ith  c o lo n ie s  so sm all th a t  m a g n ific a tio n  i s  re q u ire d  

to  make them v is ib le  to  th e  human eye.

Based upon th e se  v a r ia t io n s  in  morphology o f the  organism  i t s e l f  

and ihe d i f f e r e n t  colony form s, sev e ra l, ty p es  o f G. d ip h th e r ia s  have 

been d e sc rib e d  and named. The fo u r ty p e s  most u n iv e r s a l ly  recognized  a re  

b r i e f ly  d e sc rib e d  in  ta b le  I ,
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. Table I

Types o f Corynebacterium  d ip h th e r ia e

Type : Morphology Colony forms

g ra v is s h o r t  rods 
un ifo rm ly  s ta ih in g

SR

m itis long rods
m etachrom atic g ran u le s

S

in te rm ed in s long rods 
b a rre d  forms 
clubbed ends'

sR

minimus long rods 
b a rre d  forms 
clubbed ends

D

S e ro lo g ic a l in v e s t ig a t io n  has shown th a t-  th e se  ty p es  a re  a ls o  a n t i ­

genic a l l y  d i s t i n c t  from one an o th er (Jordon and Burrows, 19il7) .  Some
■

a u th o r i t i e s  re g a rd  th e  gravi'Sr, m i t i s , in te rm ed in s  and minimus, not as ty p es  

b u t r a th e r  as su b sp ec ies  o f Co d ip h th e r  i a e » Both -v iru len t and a v i ru le n t  

s t r a in s  have been  i s o la te d  in  a l l  of th e  ty p es  m entioned, however, F ro b ish e r 

e t  a l . ,  (1951) r e p o r ts  t t |a t  s t r a in s  o f th e  minimus type produce only 

f a i n t  in tra d e rm a l r e a c t io n s  in  r a b b i t s  -vixen th e i r  v iru le n c e  i s  t e s t e d  by 

s tan d a rd  p ro ced u res , b u t t h a t  in , th e  a g a r—p la te  method of t e s t in g  v iru le n c e ,  

n o t one minimus s t r a i n  has ever been found t o  b e  n o n -v iru le n t .

The v iru le n c e  o f the d ip h th e r ia  organism  i s  c lo s e ly  c o r r e la te d  w ith  

th e  p ro d u c tio n  o f a p o te n t ex o to x in . S tu d ies  by P o v itsk y , E isn e r , and 

Jackson (1933) showed ttjab a l l  d ip h th e r ia  to x in s  a re  s im i la r .  I f  they
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d i f f e r e d ,  i t  was only  in  th e  degree o f t o x i c i t y ,  n o t in  th e  k in d . The 

g ra v is  s t r a i n  i s o la te d  d u rin g  th e  d ip h th e r ia  epidemic a t  H a lifa x , Nova 

S c o tia  in  19Ul5 when grown in  a medium c o n ta in in g  fo u r micrograms o f iro n  

p e r ml o f c u l tu re  f l u i d ,  sy n th es iz ed  te n  tim es as much to x in  ..as o th e r 

s t r a in s  t e s t e d .

M alignant d ip h th e r ia

There i s  a p o s s ib i l i t y  th a t  in  th e  fu tu r e  a type  o f d ip h th e r ia  may 

be encountered  a g a in s t  which our p re sen t methods of p ro te c t io n  w i l l  n o t 

p r e v a i l .  , T h is severe  ty p e  o f d ip h th e r ia  has a lre a d y  appeared 'on th e  

European c o n tin e n t, and sp read  to  th e  B r i t i s h  I s l e s  about 1931. This 

m a lig n an t, h y p e rto x ic , o r grave d ip h th e r ia  d i f f e r s  from th e  o rd in ary  

d ip h th e r ia  by th e  p resence  o f marked c e r v ic a l  sw e llin g , extreme-' toxem ia , 

and album inuria . There i s  f r e q u e n tly  a development, of n eu ro p a th ies  and a 

very  h ig h  d e a th  r a t e ,  in  s p i te  o f e a r ly  and la rg e  doses of a n t i to x in  

(Updyke and F ro b ish e r , 19U7)«

The f i r s t  ou tbreak  o f t h i s  m alignan t d ip h th e r ia  t o  appear on th e  

N orth American c o n tin e n t, occurred  in  H a lifa x  in  19UO and 19Ul. I t  has 

been su sp ec ted  th a t  t h i s  ou tb reak  was caused  by a Norwegian s a i l o r  from a 

w haling v e s s e l .  W heeler and Morton (1912) r e p o r t  th a t  in  t h i s  epidem ic a 

h ig h  percen tage  o f c ases  were in  the  o ld e r  age group. They suggest th a t  

t h i s  m ight be th e  r e s u l t  o f th e  im m unization ' o f most of the school c h ild re n

A somewhat s im ila r  o u tb reak  of d ip h th e r ia  occurred  i n  B altim ore , 

M aryland in  1911. During the f i r s t  s ix  months of th a t  year th e  m o r ta l i ty  

r a t e  from o rd in a ry  d ip h th e r ia  was s ix  p e rc e n t, w hile th a t  from  th e
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m alignan t d ip h th e r ia  -was UU p e rc en t. I t  was f e l t  by some t h a t  t h i s  se­

v e r i ty  might be due, no t to  the d ip h th e r ia  organism a lo n e ? b u t to  i t s  

s y n e r g is t ic  a c t io n  w ith  some o th e r organism , p o s s ib ly  s t re p to c o c c i .  E a rly  

work by Updyke and F ro b ish e r (19UU) seemed to  p o in t tow ard hem olytic 

s t r e p to c o c c i 'o f  th e  L a ic e f ie ld  Group B, a s so c ia te d  w ith  d ip h th e r ia  organ­

isms o f th e  m it is  ty p e . However, f u r th e r  w ork, w ith  an im als, a ls o  done 

by Updyke and F ro b ish e r (19U7) d id  no t sup p o rt t h i s  s u p p o s it io n , and they  

f e l t  th a t  th e  e tio lo g y  of t h i s  m alignan t ty p e  o f d ip h th e r ia  was s t i l l  

u n c e r ta in .

A few in v e s t ig a to r s  have t r i e d  to  determ ine w hether a  c e r ta in  type 

o f C. d ip h th e r ia e  m ight n o t be re sp o n s ib le  f o r  t h i s  grave o r m alignant 

d ip h th e r ia .  Anderson, Happold, McLeod, and Thomson (1931) f e l t  th a t  

in  th e  epidem ic which occurred  i n  L eeds, England, C. d ip h th e r ia e  type 

g ra v is  was a s s o c ia te d  w ith  th e  sev ere  and to x ic  cases of th e  d isea se  and 

th e  m-i t i g  type w ith  th e  m ild e r cases. F ro b ish e r (19U3) has found, how­

e v e r , many s t r a in s  o f G. d ip h th e r ia e  ty p e  g ra v is  in  th e  U nited  S ta te s  

which were com pletely  a to x lg e n ic .

K ellogg-and Wende (19U6) suggested  th e  p o s s ib i l i t y  t h a t  re tu rn in g  

tro o p s  from Europe might b r in g  back  s t r a i n s  o f th e se  more v i r u le n t  form s . 

o f d ip h th e r ia  organism s th a t  a re  p re v a le n t in  N orthern  Europe, and th a t  

th e  p o te n t ia l  t h r e a t  s t i l l  made d ip h th e r ia  a  problem t h a t  w arran ted  

a t t e n t io n .

G orynebacterium d ip h th e r ia e  ty p e  minimus

I n  19U7 and 19U8 an epidem ic o f d ip h th e r ia  appeared  in  Utah w ith  

s e v e ra l  unusual f e a tu r e s .  The f i r s t  was th a t  th e  r a th e r  r a re
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G. d ip h th e r ia e  type minimus was i s o la te d  from 35 p e rcen t of. th e  cases 

(Je n k in s , l51 |8 ), -The second was the  la rg e  number o f cases  among,school 

c h ild re n  and o ld e r a d u l ts .  I t  was found th a t  th e  c a r r i e r  r a te  o f t h i s  

minimus type was. a s  h igh  as 21.5 p e rc e n t in  a c o lle g e  in  Utah from  which no 

p rev io u s  c a se s  had been re p o r te d .

Bram hall, G a lb ra ith ,, and F ra se r  (19U8) in  t h e i r  r e p o r t  of the  Utah 

epidem ic, s ta t e  t h a t  C. d ip h th e r ia e  ty p e  minimus seems to  be occu rrin g  

more commonly in  th e  U nited S ta te s ,  having been found a ls o  i n  Idaho , 

G eorgia, M aryland, and Kentucky-.

A t h i r d  f e a tu r e  of th i s  epidem ic was t h a t  of th e s e  minimus cases r e ­

p o rte d , 58 p e rc e n t had been immunized a g a in s t  d ip h th e r ia .

D ip h th e ria  and im m unization

F ro b ish e r (19U0) p o in ts  ou t th a t  d ip h th e r ia  epidem ics o f a  fu lm in­

a t in g  n a tu re , which seem to  p ro g ress  r e g a rd le s s  of immunity, a re  n o t un­

common. This may be because d ip h th e r ia  a n t i to x in  immunity, re g a rd le s s  of 

the- immunizing p ro ced u re , i s  n o t perm anent a s  re p o rte d  ty  Volk e t a l. (19U2) s 

and th a t  a s  tim e goes on, th e  a n t i to x in  co n ten t of th e  b lood  i s  reduced.
<l

Volk advocated th e  re im m unization  of c h ild re n  f iv e  to  s ix  y e a rs  a f t e r  th e  

im m unization o f in fa n c y . -This lo s s  o f immunity could be, in  p a r t ,  the  

cause o f th e  high' p e rcen tage  o f  c ases  in  the  o ld e r age group in  th e  Utah 

epidem ic. The percen tag e  o f th o s e  p re v io u s ly  immunized, whose d ip h th e r ia  

was caused by C .■d ip h th e r ia e  ty p e  g rav is  was much low er.
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D ip h th e ria  c a r r i e r  surveys

Grossmann (19U0) d id  a Schick t e s t  and d ip h th e r ia - c a r r ie r  su rvey  of 

w hite  schoo l c h ild re n  in  V irg in ia , He found th a t  in  th e  age group from 

f iv e  to  fo u r te e n  years#  Ch d ip h th e r ia s  C a r r ie rs  were f iv e  tim es a s  g re a t  

in  th e  S chick  n eg a tiv e  c h ild re n  SS in  th o se  who were Schick p o s i t iv e .

G i l l  (19U0) conducted a c a r r i e r  survey  on w h ite  c h ild re n  in  Alabama 

du rin g  th e  y e a rs  193? t o  1939 and found a c a r r i e r  inc idence  o f  to x ig e n ic  

C. d ip h th e r ia e  of 0 .8?  p e rc e n t fo r c h ild re n  from th e  ages o f f iv e  to  

fo u r te e n  y e a r s . Schuman and D oull (19U0) in  t h e i r  Study of c a r r i e r s  i n  

C leveland du ring  th e  same time# found a low er ra te #  0 .96  percen t#  fo r  the  

same age group. The l a t t e r  e s tim a te d  th e  r a t i o  of c a r r ie r  in fe c t io n s  to  

c l i n i c a l  a t ta c k s  as being  933:1 . They a t t r i b u t e d  t h i s  h igh  r a t i o  to  th e  

lo s s  in  p a th o g e n ic ity  Of th e  C. d ip h th e r ia e  o f t h a t  p e r io d .

From a study of th e  surveys made i n  th e  U nited S ta tes#  i t  appears 

t h a t  th e  d ip h th e r ia  p ic tu re  as reg ard s, incidence# s u s c e p t ib i l i ty #  and 

c a r r ie r ' s ta tu s  i s  not uniform  th roughou t th e  co u n try 6 F ro b ish e r (19h2) 

s t a t e s  t h a t  c a r r i e r  su rveys have shown th a t  many types o f d ip h th e r ia  

organisms# e .g .  g ra v is  o r m i t i s # V iru le n t o r a v iru le n t# may predom inate 

and a t  tim es may be th e  only  ty p e  p re se n t in  some communities b u t not in  

o th e rs . This phenomenon may be lo c a l iz e d  or g e n e ra l  and conclusions in  

re g a rd  t o  p reva lence  o r r a t e s  a re  n o t v a l id  beyond th e  co n fin es  of a county 

o r s t a t e .

F ro b ish e r (I9I4O) su g g ests  th a t  th e  s tu d y  of th e  type o f C. d ip h th e r ia e  

found in  p a r r ie r  su rveys and th e  number o f p o s i t iv e  c u l tu re s  ob ta ined
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m ight be u s e fu l  gu ides in  d ip h th e r ia  c o n tro l by in d ic a t in g  the tre n d s  

and changes.

Types o f media used fo r  the  c u l t iv a t io n  
and i s o la t io n  of Ge d ip h th e r ia s

A lthough L o e f f le r  's  b lood serum medium has been th e  s tan d a rd  used  f o r  

th e  i s o la t io n  o f C, d ip h th e r ia s  s in ce  i t  was f i r s t  in tro d u ced  i n  IBBli5 i t  

has been re s p o n s ib le  f  or many e r r o r s  in  th e  d ia g n o sis  o f d ip h th e r ia .

These m istakes have been caused by th e  s c a r c i ty  of growth of C, d ip h th e r ia s  

and the  overgrowth o f o th e r organism s o f th e  nose and th r o a t ,  M edalia 

a t  a l .  (1931) d e sc rib e d  a  m o d if ic a tio n  o f L o e f f le r 's  medium th a t  made i t  

more s e le c t iv e .  This was done by adding W /l NaOH to  g ive a pH of 7«6 to  

th e  f i n a l  m ix tu re „ However5 because o f i t s  op acity  i t  i s  d i f f i c u l t  to  

measure th e  pH o f t h i s  medium w ith o u t u sing  a pH m eter, Laypourn (1935) 

proposed a  method by which th e  pH could  be determ ined  by u sin g  a very- 

sm all amount of the w ater o f h y d ra tio n  o f a  c u ltu re .

In  a paper p u b lish ed  in  th e  Chinese M edical Jo u rn a l in  193S5 P a i de­

s c r ib e d  an egg medium f o r  th e  c u l t iv a t io n  and i s o la t io n  o f £» d ip h th e r ia s , 

McGuigan and F ro b ish e r (1936) found th a t  t h i s  medium produced C, d iph­

th e r ia s  m o rpho log ica lly  and to x ig e n ic a l ly  s im ila r  to  th o s e  c u lt iv a te d  on 

L o e f f le r 1S5 and in  a d d itio n  was e a s ie r  to  p re p a re ,

T in sd a le  (I9li7) has fo rm u la ted  a  medium which uses th e  p ro d u c tio n  of 

hydrogen s u l f id e  as a  d i f f e r e n t i a t in g  c h a r a c te r i s t i c .  D if f e re n t  organism s 

produce d e f in i t e  ty p e s  o f co lo n ie s  and c e r ta in  organisms form c h a r a c te r i s t i c  

h a lo e s . The medium has the advantage o f g iv in g  d e f in i t e  r e s u l t s  in  a
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com parative ly  s h o r t  p e rio d  o f tim e. On th e  o th e r  hand, th e  com position of
■

t h i s  medium i s  very  d e ta i le d  and com plicated  and i t s  keeping q u a l i t i e s 'a r e  

p o o r.

The use of po tassium  t e l l u r i t e  as  a means o f in h ib i t in g  th e  growth of 

o th e r  organism s and fo r  d i f f e r e n t i a t i o n  in  the  c u ltu r in g  and i s o la t io n  o f 

Go d ip h th e r ia s  has been w id e ly  in v e s t ig a te d  and used w ith  v a ry in g  degrees 

o f su c c e ss . I t  was f i r s t  used by Conrade and Troch in  1912. I t  had been 

d isco v e red  a s  e a r ly  as  1885 th a t  some members o f th e  p la n t  kingdom, among 

them th e  " in fu s o r ia " ,  could red u ce ' th e  t e l l u r i t e s  in  sm all amounts to  

m e ta l l ic  te l lu r iu m  "without i t s  becoming to x ic , to  them. About 1900 K le t t  

and o th e rs  found th a t  some b a c te r ia  were co lo red  by th e  reduced m e ta l. I n  

K l e t t 's  s tu d y , u s in g  numerous molds and b a c te r ia ,  i t  was found th a t  some 

organism s cou ld  t o l e r a t e  th e  t e l l u r i t e s  much b e tte r , th an  o th e r s .  I t  was 

a lso  n o tic e d  t h a t  some organism s were not a f fe c te d  a t  a l l  by co n cen tra tio n s  

th a t  would com pletely  i n h i b i t  o th e r organism s. B ac illu s  d ip h th e r ia s  

(G. d ip h th e ria s )w as  mentioned as  one o f t h e ' organism s used i n  !th is  study  

th a t  was a b le  to  to le r a te  th e  t e l l u r i t e s  and was co lo red  by them . 

Joachim ugle ' and H irose  in  s tu d ie s  t o  determ ine th e  c o n c e n tra tio n  o f t e l l u ­

r i t e s  to le r a te d  by C. d ip h th e r ia e  found, f o r  example, t h a t  C. d ip h th e r ia s  

could t o l e r a t e  a s o lu t io n  co n ta in in g  U5OOO tim es as  much of th e  m e ta l as 

could Salm onella  typhosa  (G ilb e r t  and Humphreys, 1926).

Many w orkers have experim ented w ith  media c o n ta in in g  potassium  t e l l u ­

r i t e .  Among them a re  McGuigan. and F ro b ish e r (1936), H a ll (1939), Levin 

(19U3), and K ellogg and Wende (19U6). A com parative s tu d y _ of th e  t e l l u r i t e
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p la t in g  media was c a r r ie d  out by F ro b ish e r5 P arso n s5 Y eates5 and bsy (l9it-8) 

u s in g  F ro b is h e r1s own c y s t in e —t e l l u r i t e  medium (1937) as a b a s is  fo r  com­

p a r is o n , s in c e  he had used i t  fo r  many y ea rs  and knew i t s  p r o p e r t ie s .  The 

r e s u l t s  o f th i s  study  showed th a t  th e  - t e l l u r i t e  medium o f K ellogg and Wende 

(19)4.6) gave a s  h igh  or h ig h e r  p e rcen tage  o f p o s i t iv e s .  I e l lp g g  and Wende 

(19^6) a ls o  claim ed a very  h igh  p e rcen t of p o s i t iv e s  w ith  i t  ̂ having check­

ed i t  c a r e f u l ly  and. f in d in g  th a t  i t  seldom f a i l e d  to  dem onstrate  C. d iph­

th e r ia s  i f  p re s e n t .  H a l l5 whose medium d i f f e r s  v e ry  l i t t l e  from  th a t  of 

K ellogg and Wende5 l i s t s  th e  advantages o f h e r medium a s  th e  a b i l i t y  to 

i n h i b i t  organsim s such as m ic ro co cc i, s t r e p to c o c c i ,  N e is s e r ip  c a t a r r h a l l s , 

pneumococci, e t c . ,  "while th e  CL d ip h th e r ia s  grows w ith  t y p i c a l  co lo n ies  

ran g in g  from  g ra y ish -w h ite  t o  b la ck  in  c o lo r .  She a lso  c laim s th a t  th e  

p la te s  can be p repared  and kept fo r  two or th re e  weeks in  th e  r e f r i g e r a to r .  

This i s  a decided  advantage a s  most of "the t e l l u r i t e  media must be p repared

only  a  day or so b e fo re  t h e i r  u se .

V iru lence  t e s t i n g ■of G. d ip h th e r ia s  

There has been  some doubt as to  w hether anim al in o c u la t io n s  re v e a l 

a l l  th e  pathogenic  p o t e n t i a l i t i e s  of G. d ip h th e r ia s  m an ifested  i n  human 

b e in g s . F r o b i s h e r e t ^ ( W )  found th a t  n o n tox igen ic  s t r a in s  w i l l  produce 

p a r t i a l  or com plete p ro te c t io n  a g a in s t v i r u l e n t  organisms i n  r a b b i ts ,  and 

a ls o  t h a t  th e  s o -c a l le d  a v i r u le n t  d ip h th e r ia  organisms c o n ta in  endo tox ins.

He f u r th e r  s t a t e s  th a t  numerous cases  o f c l i n i c a l l y  ty p ic a l  d ip h th e r ia  

have been encoun tered  in  which th e  e t io lo g ic a l  agent has proved to  be only 

s t r a in s  o f C. d ip h th e r ia e  n o n tox igen ic  to  guinea p ig s . This i s  p a r t i c u la r ly
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t r u e  -with th e  minimus s t r a in s  o f th e  organism , as th e se  ten d  to  produce 

on ly  f a i n t  in tra d e rm a l re a c t io n s ,  i n  .ra b b its  when th e i r  v iru le n c e  i s  t e s t ­

ed by s tan d a rd  p rocedures (F ro b ish e r s t .  &!,, 1951) •

Guinea p ig s  a re  f r e q u e n tly  employed fo r  te s t in g  the v iru le n c e  o f  ■'

C. d ip h th e r ia s .  Two anim als a re  u s u a lly  u sed , th e  f i r s t  b e in g  in o c u la te d  

subcu taneously  w ith  a  suspension  of th e  organism  to  be te s te d .  The second 

se rv es  as a  c o n tro l  and i s  g iven  d ip h th e r ia  a n t i to x in  p lu s  the same amount 

o f b a c t e r i a l  su sp en sio n  in  th e  same manner. I f  the organism s a re  v i r u le n t ,  

th e  t e s t  anim al w i l l  d ie  in  th r e e  to  f iv e  d ay s, b u t  the c o n tro l  animal 

w i l l  su rv iv e .

Schaub and Foley  ( 19h 7) d e sc r ib e  a  method employing only  one guinea 

p ig  which se rv es  b o th  a s  te s t in g ' anim al and c o n tro l .  This has th e  advan­

ta g e s  o f  b e in g  more econom ical and e lim in a tin g  the v a r ia t io n  in  s e n s i t i v i t y  

o f in d iv id u a l  an im als . A heavy su sp en sio n  of th e  c u ltu re  i s  in o c u la ted  

in tra d e im a lly  in  th e  shaven s id e  of th e  guinea p ig .  A t a l a t e r  s p e c if ie d  

tim e an in t r a p e r i to n e a l  in je c t io n  o f d ip h th e r ia  a n t i to x in  i s  g iv en . A 

s h o r t  tim e l a t e r  th e  o th e r s id e  o f the abdomen i s  in je c te d  w ith  th e  same 

amount of the  c u ltu re  p re v io u s ly  u sed . A. re a c t io n  o ccu rrin g  on the  -side 

in o c u la te d  f i r s t ,  b u t n o t on th e  o p p o site  s id e  i s  c o n s id e re d .p o s i t iv e , 

and den o tes  a v i r u le n t  s t r a i n  of C. d ip h th e r ia e . A re a c t io n  on n e ith e r  

s id e  s ig n i f ie s  a  n o n to x ig e n ic  s t r a in .  A r e a c t io n  on bo th  s id e s  i s  s a id  to  

be due to  some o th e r f a c to r  th a n  d ip h th e r ia  to x in .  Another im p o rtan t 

advantage of t h i s  method i s  th a t  s e v e ra l  c u ltu re s  can be te s t e d  on th e  

same an im al, depending upon i t s  s iz e .



F ro b ish e r e t aL. (1942) d e sc r ib e s  a  method in  which he used  seven to  tw enty 

day o ld  c h ick s . He f e l t  th a t  th e se  cou ld  be recommended as a  s u b s t i tu te  

fo r  r a b b i t s  or gu inea  p ig s  in  t e s t in g  th e  v iru lm c e  of 0. d ip h th e r ia s  ̂

e s p e c ia l ly  when conducting  a  sm all number o f t e s t s ,  i f  ro d en ts  tub r e  n o t 

r e a d i ly  a v a ila b le .

A lthough th e  need fo r  an in  v i t r o  method fo r  t e s t in g  C. d ip h th e r ia s  

fo r  v iru le n c e  has long  been reco g n ized , i t  was no t u n t i l  r e c e n t ly  th a t  

such a t e s t  has been d e sc rib e d  (K ing, F rob isher- and P a rso n s, 1949). The 

p r in c ip le  of the t e s t  i s  based  on th e  to x in - a n t i to x in  f lo c c u la t io n  a s  de­

v ise d  by N ic o lle  in  1920. The t e s t  as dev ised  by E lek  in  1948 c o n s is ts  of 

th e  p re p a ra t io n  of an  ag ar base w hich  must be c le a r  and which must c o n ta in  

0*3 gram of m alto se  and 0*07 ml o f l a c t i c  a c id  per 100 m l. To th i s  m elted , 

cooled  base, i s  added 20 p e rc e n t of normal h o rse  serum. The m ix tu re  i s  

th e n  poured in to  p e t r i  d is h e s .  A s t e r i l e  f i l t e r  p^per s t r i p  i s  dipped, in  

d ip h th e r ia  a n t i to x in  c o n ta in in g  100 u n i t  A p e r ml, d ra in e d , and. p laced  in  th e  

c e n te r  of tiie d ish  where i t  i s  allowed...to s in k  in to  th e  warm a g a r .  A fte r  

s o l i d i f i c a t i o n ,  th e  p la te s  a re  d rie d  i n  th e  in c u b a to r and in o c u la te d  on•th e  

same day. Four organism s may be t e s t e d  on each p l a t e i A known v ir u le n t  

s t r a i n  should  be in c lu d ed . A w hite  l in e  developing a t  An ang le  on each 

s id e  o f the inoculum  n ear th e  f i l t e r  s t r i p  denotes a  to x ig e n ic  ag en t.

King, e t  a l , (1949) n o te d  th e  sources o f  e r ro r  in  th i s  i n  v i t r o  t e s t  

and o u tlin e d  methods by which th e se  e r r o r s  could be m inim ized. The most 

im p o rtan t f a c to r  n ecessa ry  to  assure , c o r r e c t  r e s u l t s ,  b e s id e s  the c o r re c t  

ad ju stm en t o f  th e  pH, th e  amount of a n t i to x in ,  and o th e rs  a s  obvious, i s  

th e  c o l le c t io n  and p re p a ra t io n  of the  serum used  in  th e  a g a r b a se . -Many
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l o t s  o f serum are n o t s a t i s f a c to r y  f o r  the minimus type o f C. d ip h th e r ia s . 

The re a c t io n  in  minimus s t r a in s  i s  in h ib i t e d  by serum only  f a i n t l y  co lo red  

by th e  ly s i s  of th e  e ry th ro c y te s .  O ther s t r a in s  are  not so r e a d i ly  

a f fe c te d  by  th i s .  I t  has a ls o  been found th a t  some unknown sub stan ce  or 

c o n d itio n  w hich in te r f e r e s  w ith  th e  in  v i t r o  v iru le n c e  t e s t  appears in  th e  

serum when i t  rem ains in  c o n ta c t w ith th e  c lo t  f o r  a day or lo n g e r.

Using th is  method. King e t a l .  (19U9) ra n  a  long s e r ie s  of t e s t s  

employing v iru le n t  and a v iru le n t  c u l tu re s  of C. d ip h th e r ia s  in  comparison 

w ith  anim al in o c u la t io n s . ' Complete agreement w ith  th e  in  v i t r o  and anim al 

in o c u la tio n s  was o b ta in ed  in  290 c a se s , of w hich 123 were a v iru le n t  and 

l6 ?  were v i r u l e n t .

A p o s i t iv e  r e a c t io n  w ith  the in  v i t r o  t e s t  seems to be an e n t i r e ly  

r e l i a b l e  in d ic a t io n  of v iru le n c e  o f d ip h th e r ia  organism s. However-, a 

n eg a tiv e  r e a c t io n  can be f a l s e ly  o b ta in ed  u n le ss  th e  c o n d itio n s  fo r  t h a t  

s t r a i n  a re  p ro v id ed . They suggest t h a t  a l l  n e g a tiv e  r e a c t io n s  be checked 

by anim al in o c u la t io n s .  They a lso  concluded th a t  th e  t e s t  needed fu r th e r  

s tu d y .

However, in  a  more re c e n t  paper th e se  same in v e s t ig a to r s ,  a f t e r  

f u r th e r  s tudy  of t h i s  method, recommend i t  to  be 1,w holly ! r e l ia b le ,  sim ple , 

r a p id ,  and in ex p en siv e , i f  p ro p e rly  and c a r e fu l ly  perform ed". They mention., 

o th e r  d i f f i c u l t i e s  and sou rces o f e r r o r .  For example, c e r t a in  commercial 

a n t i to x in s  a re  u n s a t i s f a c to ry  -for t h i s  u se , a lth o u g h  p e r f e c t ly  capable of 

fu n c tio n in g  as p ro p h y la c tic  and th e ra p e u t ic  a g e n ts . Once a g a in  they  

s t r e s s  th e  care  t h a t  must be taken  in  p re p a rin g  the serum used as  n u t r i ­

ment enrichm ent o f  th e  ag ar when te s t in g  s t r a in s  of th e  minimus ty p e .
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They sug g est u sing  as  a  c o n tro l  a known p o s i t iv e ly  r e a c t in g  s t r a in  of 

minimus when p la t in g  unknown minimus s t r a in s  (F ro b ish e r e t  a l .j 19f?l)«

METHODS MD MATEETALS

P re p a ra tio n

Before th e  a c tu a l  su rvey  on th e  s tu d e n ts  fo r  .the d e te rm in a tio n  o f 

d ip h th e r ia  c a r r i e r s  was begun, known v i r u le n t  and a v iru le n t  c u ltu re s  of

G orynebacterium  d ip h th e r ia s  were o b ta in ed  from Frobis„her and from
——  * ' ' T1 “ . _
G a lb ra ith  th a t  in c lu d e d  s t r a in s  of th e  g ra v is , m i t i s , in te rm e d iu s , and 

minimus- ty p e s . These were used to  become fa m ilia r  w ith  the  morphology, 

s ta in in g  re a c t io n s ,  and c u l tu r a l  c h a r a c te r i s t i c s  of th e  organism s.

The gram s ta in  was employed only t p  be c e r ta in  th a t  a l l  of th e  o r -

■ ganisms were gram p o s i t iv e .  A ll m orphological s tu d ie s  w ere niade on s l id e s
-  •

s ta in e d  w ith  methylene blue* L o e f f le r 1 s a lk a l in e  methylene b lue  and a 

methylene b lu e  s ta in  made w ith o u t the  a d d itio n  of the a lk a l i  gave s im ila r  

s ta in in g  r e s u l t s .  S ince th e  l a t t e r  was s im pler to  p rep a re , i t  was used

through  th e  r  em ainder of th e  s tu d y .

A comparison o f th e  morphology of 0 . d ip h th e .riae  on P a i 's  egg medium 

and L o e f f le r 's  serum medium was made. The g ran u les  and b a r r in g  of th e  

organism s were b e t t e r  dem onstrated  on P a i 's  medium a lth o u g h  th e  L o e f f le r 1s 

medium produced a more lu x u r ia n t  grow th. T h e re fo re , i t  was decided to  

in o c u la te  h a l f  of the th ro a t  c u ltu re s  o b ta in ed  during  the  su rvey  onto 

P a i 's  medium and the- o th e r h a l f  onto L o e f f le r ' s medium in  o rd er to  o b ta in  

in fo rm a tio n  concerning th e  u se fu ln e ss  of t h e  former a s  a  s u b s t i tu te  i n  

ro u tin e  th ro a t  c u l tu re s  of su spec ted  cades o f d ip h th e r ia .
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The L o e f f le r ’s medium used th roughou t t h i s  s tu d y  was p repared  from 

B ac to -L o effle r b lood serum .

P a i1 s medium was p rep a red  acco rd ing  to  th e  f  ormula g iven  by McGuigan 

and F ro b ish e r (1936).

Both th e  L o e f f le r 1 s ' and P a i 's  media w ere coagu la ted  and s t e r i l i z e d  as 

fo llo w s:

a .  The b a sk e ts  were wrapped- in  absorbent c o tto n  and s la n te d  by le an in g  

on a wooden su p p o rt in  th e  c e n te r  of the  a u to c lav e  chamber.

b . A ll  th e  exhaust valves- "were t ig h t ly  c lo sed  and the steam was adm it­

te d  a t  a f a i r l y  slow  b u t even r a te .

c . At th e  end of 90 m inu tes, th e  steam  valve.w as c lo sed , and th e  p re s ­

su re  allow ed t o  go down w ith o u t opening th e  exhaust v a lv e s .

d . A fte r  th e  p re s su re  reached  z e ro , the  exhaust v a lv es  were opened 

f o r  a few m inutes b e fo re  the  s t e r i l i z e r  door was opened.

Smooth s la n t s  f r e e  of gas bubbles were ob ta in ed . These were s to re d  at,

£ C u n t i l  u sed .

K ellogg and 'Wende1 s t e l l u r i t e  medium was used for th e  i s o la t io n  and 

id e n t i f i c a t i o n 'o f  th e  organism s o b ta in ed  on the P a i ’s and L o e f f l e r ’s media.

Human b lood  was s u b s t i tu te d  f o r  th e  recommended r a b b i t  b lood . This medium
I . :

was n o t s to re d  fo r  more th a n  a day or two b efo re  u se .

' Survey

The survey was c a r r ie d  out a s  suggested  by F ro b ish e r (19U2 and 19U9)« 

T hroat c u ltu re s  were made from 200 ap p a ren tly  h e a lth y  s tu d e n ts , 100 

men and 100 women, during  the  Montana S ta te  C ollege FreShman Week,
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Septem ber, ±9b9o. One hundred o f. th e s e , s e le c te d  a t  random, were c u ltu re d  

on P a i*s medium and one hundred on Loef i l e r ' s  medium.. The d i s t r ib u t io n  

o f sexes c u ltu re d  on each  medium was about e q u a l. A fte r  2U h o u rs ' 

in c u b a tio n  a t 35 C th e  c u l tu re s  were t r a n s f e r r e d  t o  t h e  t e l l u r i t e  p la te s  

p re v io u s ly  p rep ared  and ag a in  in cu b a ted  a t  35 C.
I

At th e  end  o f 1+8 hours the  p la te 's  were' observed f o r  c o lo n ie s . No ' 

growth appeared  from 78 o f t h e  t r a n s f e r s .  From th e  122 p la te s  on which 

growth appeared , r e p re s e n ta t iv e  c o lo n ie s  were p icked  and t r a n s f e r r e d  to  . 

L o e f f le r  o r P ai s l a n t s .  Smears were made ,from th e se  s la n t s  a t  th e  end of 

21+ hours and s ta in e d  by Gram's method. A ll  c u l tu re s  showing gram p o s i t iv e  

ro d s  in  th e  ty p ic a l  p a l is a d e  and Chinese l e t t e r  fo rm ation  w ere saved fo r  

p u r i f i c a t io n  and id e n t i f i c a t io n .

D uring the  w in te r  q u a r te r  of 1950 the  th r o a t s  o f a l l  s tu d en ts  coming 

to  th e  H ealth  S erv ice  w ith  severe  so re  th r o a t s  were swabbed and subsequent­

ly  handled  in  th e  same manner a s  th e  f i r s t  200 c u l tu r e s .  Thus, 35 o th e r
I

s tu d e n ts  were in c lu d e d  in  the su rvey .

P u r i f ic a t io n

A g re a t d e a l of d i f f i c u l t y  was encountered  i n  p u r ity in g  th e  mixed 

c u ltu re s ,.  The con tam inating  organism s were m ic ro co cc i, except fo r  two 

c u ltu re s  w hich were contam inated w ith  s tre p to c o c c i , The m icrococc i grew 

w e ll  on th e  t e l l u r i t e  medium, producing c o lo n ie s  which were more shiny and 

mucoid in  appearance th an  th o se  of C. d ip h th e r ia e . The s t r e p to c o c c i  grew 

"very p o o rly  on the t e l l u r i t e  medium, producing a t  b e s t  a v e ry  sm all g iay  

colony t h a t  was d i f f i c u l t  t o  s e e . For t h e  most p a r t ,  they  j u s t  rem ained
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dormant b u t v ia b le , and ready  to  grow i f  th e  p ro p e r environm ent was ag a in  

p re se n te d . The t e l l u r i t e  in h ib i te d  the  d ip h th e r ia l ik e  organism s to  th e  

e x te n t th a t a  very heavy in o c u la tio n  was n ecessa ry  t o  o b ta in  grow th. T h is , 

th e n , made i t  d i f f i c u l t  to  f i n d  i s o la te d  c o lo n ie s . Even, though a colony 

d id  appear t o  c o n s is t  of only  one s p e c ie s , upon t r a n s f e r  to  L o e f f le r ’s 

medium, or e s p e c ia l ly  to  a  l iq u id  medium, i t  was' o f te n  found to  be im pure.

A fte r  much experim enta t i on i t  was found th a t  a "c h o co la te "  medium 

made acco rd in g  t o  the form ula f o r  th e  t e l l u r i t e  but, w ith o u t th e  potassium  

t e l l u r i t e ,  made a  b e t t e r  s u b s tr a te  f o r  i s o la t io n .  This medium gave good 

growth of a l l  of th e  organism s, p e rm ittin g  th e  use o f a sm a lle r  inoculum .

The d ip h th e r ia l ik e  b a c te r ia  produced sm all tra n sp a re n t to  g ra y ish  c o lo n ie s , 

th e  m icrococc i formed la rg e  w hite  c o lo n ie s , and th e  co lo n ie s  o f th e  s t r e p ­

to c o c c i w e re • surrounded by d e f in i te  ye llow  zones.

A fte r  s tre a k in g  th e  c u ltu re s  and p ick in g  i s o la te d  co lo n ie s  on s e v e ra l 

o c ca s io n s , 13 c u l tu re s  were f i n a l l y  o b ta in ed  in  a pure s t a t e .  These w ere 

m ain ta ined  on L o e f f le r ’ s o r P a i1s media and s to re d  a t  5 0,

C u ltu ra l  s tu d ie s

The morphology of t  he organisms was a sc e r ta in e d  by s tu d y in g  s l id e s  

made from 2li-hour c u ltu re s  on L o e f f le r ’s o r P a i1 s media and s ta in e d  w ith  

m ethylene b lu e . Measurements were made employing a p re v io u s ly  c a l ib ra te d  

o c u la r  m icrom eter. M o ti l i ty  was checked by the hanging drop  method, u s in g  

a  2U-hour b ro th  c u l tu r e .

A ll  p h y s io lo g ic a l t e s t s  were run  i n  d u p lic a te  and i f  any doubt a ro se  

as to  th e i r  agreem ent, f u r th e r  checks were made. Several, d i f f e r e n t  d y p e s - - 

of b ro th  were t r i e d ,  in  an  e f f o r t  to  f in d  one th a t  would g ive  a s u f f i c i e n t ly
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good growth fo r  th e  p h y s io lo g ic a l t e s t s .  D ifc o 1s v e a l  in fu s io n  medium 

c o n ta in in g  0 .1  p e rc en t agar was found to  support th e  b e s t  growth. This 

medium was a lso  used  fo r making the  ag ar p la te s  and s la n ts  by in c re a s in g  

th e  ag ar to  1 .5  p e rc e n t.

The t e s t s  fo r  n i t r a t e  re d u c tio n  and in d o l  p ro d u c tio n  w ere made on the  

same tu b e  of v e a l in fu s io n  medium to  Vnich had been added enough t r y p t one 

(B acto) and po tassium  n i t r a t e  to  g iv e  a 0 .1  p e rc en t c o n c e n tra tio n  of each.

The organism s were t e s t e d  fo r  t h e i r  a b i l i t y  t o  ferm ent g lucose , 

g a la c to s e , f r u c to s e ,  su c ro se , m a lto se , la c to s e ,  d e x tr in , m an n ito l, and 

g ly c e ro l. A ll  th e se  s u b s tr a te s  were s t e r i l i z e d  ty  f i l t e r i n g  through a 

s t e r i l e  f r i t t e d  g la ss  f i l t e r ,  and a s u f f i c i e n t  q u a n tity  o f the s t e r i l e  

s o lu t io n  added to  .the  b a sa l medium to  g ive a  f i n a l  co n ce n tra tio n  of one 

p e rc e n t. Brom c re s o l  p u rp le  was used as  an in d ic a to r .  Every p o ss ib le  

p recau t ion was tak en  to  p reven t con tam ination  and a l l  tu b e s  were in c u b a ted  

fo r  2h hours a t  35 C b efo re  b e in g .examined and s to re d  a t  5 C u n t i l  u sed . 

Less th a n  one p e rc en t of th e se  tu b e s  of media was d isca rd e d  because of 

con tam ination .

G e la tin  l iq u e fa c t io n  was determ ined  in  -veal in fu s io n  medium tp  which 

had been added 12 p e rc en t g e la t in .  S tab  in o c u la tio n s  were made and the 

c u ltu re s  in cu b a ted  a t  35 C fo r  a t  l e a s t  two w e e k s . '

C a ta la se  p ro d u c tio n  was dem onstrated  by adding  a few drops of th re e  

p e rc en t commercial hydrogen perox ide  to  c o lo n ie s  on an ag ar p la te .

C u ltu re s  in  th e  veal in fu s io n  b ro th  were s tu d ie d  i n  2k and it8 hours 

f c r  ty p e  o f grow th, p e l l i c l e  fo rm atio n , sedim ent a n d  a rea  of h e a v ie s t 

growth.

—2i|.~



-2 5 -

C olonies on some cf th e  p la te s  and s l a n t s  could not be observed 

•without a Ipc hand le n s .

The medium fo r  d e term in ing  h y d ro ly s is  of u rea  was made ty  adding 

a s e p tic  a l ly  10 ml of a co n cen tra ted  u re a  s o lu t io n  (D ifco) to  a  s o lu t io n  

c o n s is t in g  o f 90 ml of w ater and 1 .5  pe rcen t ag ar. This medium was then  

poured in to  s t e r i l e  tu b es  and s la n te d  b e fo re  s o l id i f i c a t io n  to o k  p la c e . 

These s la n t s  were s tre a k e d  w ith  a heavy inoculum , in cu b a ted  and w atched 

fo r  the development o f a  p ink  c o lo r  th a t  d eno ted  u re a  h y d ro ly s is .

V iru lence

V iru len ce  of t h e  organism s i s o la te d  and p u r i f ie d  was determ ined by 

in tra c u ta n e o u s  sk in  t e s t s  on gu inea p ig s  as d e sc rib e d  by  Schaub and Fo ley  

(19U7). A heavy suspension  of th e  organisms i n  p h y s io lo g ic a l  s a l in e  was 

made by washing th e  growth from a. 2l|.—hour c u ltu re  on L o e f f le r 1 s s l a n t s .  

O ne-ten th  m i l l i l i t e r  of t h i s  su spension  was in je c te d  in tra c u ta n e o u s Iy  in to  

th e  shaven s id e  of th e  abdomen of a gu inea p ig .  By s ta g g e rin g  th e  s i t e s  

of th e  in je c t i o n s ,  seven c u l tu re s  were in je c te d  in to  one s id e  of a la rg e  

guinea p ig .  A fte r  in o c u la t io n , th e  rem ain ing  suspensions were p laced  in  

th e  r e f r i g e r a to r .  F ive hours l a t e r  th e  anim al was given 100 u n i t s  of 

d ip h th e r ia  a n t i to x in  in t r a p e r i to n e a l ly ,  c a re  be ing  taken  no t to  puncture 

th e  i n t e s t i n e s .  T h irty  m inutes l a t e r  an o th er 0 .1  ml of th e  suspension  

was in je c te d  in tra c u ta n e c u s ly  in to  the o p p o site  shaven s id e  o f the gu inea 

p ig ’s abdomen. • P rec a u tio n  was ta k e n  t o  be sure th a t  each organism  was 

in je c te d  e x a c tly  o p p o site  th e  f i r s t  in j e c t io n .  This second in je c t io n  

se rv ed  as a c o n tro l .  A c h a r t  of th e  s i t e s  of th e  in je c t io n s  was made so  

th a t  th e r e  could  be no m istake  as to  the  p o s i t io n  of each organism .
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A reco rd , was made of. the r e a c t io n s  o f each a t  2li) and 72 hour in te r v a l s .  

Erythem a, edema, and n e c ro s is  a t the  s i t e  of the t e s t  in je c t io n  and the 

absence of such a re a c t io n  on' th e  c o n tro l  s id e  meant a  p o s i t iv e  sk in  t e s t ,

and in d ic a te d  th e  p ro d u c tio n  of to x in  by the organism  in  q u e s tio n . Known
- ■ .

v ir u le n t  and a v iru le n t  s t r a i n s  w ere a ls o  t e s t e d  so as  to  check th e  . 

te ch n iq u e ,

EXPERIMENTAL RESULTS

Number o f c u ltu re s  ob ta in ed

From th e  200 c u l tu re s  ta k e n  from  seem ingly  h e a lth y  s tu d  a i t s  du rin g  

Freshman Week , 122 were found to  g ive b lack  co lo n ie s  on th e  t e l l u r i t e  

medium. A lthough many of them  w ere much to o  sh in y  and mucoid, in  appearance 

to  be Corynebacterium  d ip h th e r ia e , L o e ff le r  and P ai s l a n t s  were in o c u la te d  

w ith  re p re s e n ta t iv e  c o lo n ie s  from a l l  p l a t e s .  A fte r 2k h o u rs  each c u ltu re  

was examined by gram s ta in in g .  Most o f them w ere found to  c o n s is t  o f 

m icroqocci and were d isca rd e d . Some of th e  c u ltu re s  were a mixbure of 

gram p o s i t iv e  r o d s ■and o th e r organism s, p r in c ip a l ly  m icrococc i. A few 

appeared  to  be seem ingly pure  c u l tu re s  of gram p o s it iv e  ro d s .

No c u ltu re s  c o n ta in in g  gram p o s i t iv e  rods TB r e  o b ta in ed  from the  

35> s tu d e h ts  r e p o r t in g  to  th e  H ealth  S e rv ice  w ith  sore th r o a t s  during th e  

w in te r  and sp rin g  q u a r te rs  of 195)0. A v e ry  ra p id ly  growing s trep to co ccu s  

g e n e ra lly  predom inated .. U nsuccessfu l a ttem p ts  were made to  o b ta in  gram 

p o s i t iv e  rods by t r a n s f e r r in g  th r o a t  c u l tu re s  in o c u la te d  on L o e ff le r  

s l a n t s ,  t o  th e  t e l l u r i t e  p la te s  a f t e r  an in c u b a tio n  p e rio d  of lU to  18 

hours as w e ll as a t  th e  end of 2k h o u rs .....S ince no d ip h th e r ia l ik e  organisms.
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were o b ta in ed  from  th e se  35 s tu d e n ts , th e  c u l tu r in g  o f p a th o lo g ic a l th r o a ts  

was d isc o n tin u e d .

• Comparison of th e  P a i t S and L o e f f le r 1s media 

A re c o rd  was kept as to  th e  medium on which the o r ig in a l  th r o a t  c u l­

tu re s  were in o c u la te d . Of th e  13 s t r a in s  o b ta in ed  i n  pure  c u l tu re ,  e ig h t 

were o r ig in a l ly  p la ce d  on P a l ’ s medium and f iv e  on L o e f f le r t s medium. How­

e v e r , i t  was no ted  th a t  o f th e  f iv e  c u ltu re s  which were i s o l a t e d  from the 

t e l l u r i t e  agar p la te s ' in  an a p p a ren tly  pure s t a t e ,  fo u r were o r ig in a l ly  

c u ltu re d  on L o e f f le r  s la n t s  and only one on a P ai s l a n t .
I

Grouping of th e  organism s

A ll  of th e  13 organism s o b ta in ed  had s e v e ra l  m orpho log ica l and 

p h y s io lo g ic a l c h a ra c te rs  in  common. They were a l l  gram p o s i t iv e  rods show- ' 

in g  Chinese l e t t e r  and p a lis a d e  g rouping , th ey  a l l  produced c a ta la s e ,  b u t 

f a i l e d  to  form in d o l  from try p to p h an e , or to  l iq u e fy  g e la t in .  With b u t 

one ex cep tio n , c u ltu re  113, a l l  gu inea  p ig  t e s t s  fo r  to x in  p ro duction  

were n e g a tiv e .

By p la c in g  to g e th e r  th o se  which resem bled  one an o th e r in  th e  o th er 

m orpholog ical and p h y s io lo g ic a l c h a ra c te rs  fo r which th e y  w ere te s te d ,  

fo u r  groups were e s ta b l is h e d . Group fo u r ,  o r the  l a s t  group, c o n s is ts  o f 

th re e  m isce llan eo u s organism s which do n o t show th e  s im i la r i ty  th a t  i s  

found in  th e  o th e r groups. The m orpholog ical c h a r a c te r i s t i c s  of th e  

organism s in  th e s e  groups a re  l i s t e d  i n  t a b le  I I  and th e  p h y s io lo g ic a l in  

ta b le  I I I .



Table I I

M orphological c h a r a c te r i s t i c s  of d ip h th e r ia l ik e  organisms i s o la te d  from s tu d en t th ro a ts

Groun C u ltu re
S ize

(m icrons) C e l lu la r  appearance. C o lo n ie s B roth

I 101, 102, 
103, IOti., 
I l l

I . 2 -3 .8  x 
0 .6 -1 .2

D is t in c t  b a r r in g ,  oc­
c a s io n a l c lub  shapes, 
some p o la r  b o d ie s .

M inute, t r a n s lu ­
c e n t, sh in y , con­
vex and smooth.

Uniform tu r b i ­
d i ty  upper 
h a l f  inch  of 

. c u l tu r e .

2 ' 107, 109, 
HO

1 .2 -3 .6  x 
' O.U-1.2

B arring  and p o la r  
bod ies p re v a le n t ,  mo­
d e ra te  number of club 
shaped c e l l s .

1-2 mm, w h ite , 
opaque and sh iny , 
so lu b le  brown 
pigment produced 
a f t e r  2i| ho u rs .

P e l l i c l e  form ed. 
T u rb id ity , upper 
h a l f  in c h , 
s l i g h t  sed im ent.

3 108, IlU 0 Y
0 .2 -0 .6

Very sm all ro d . V aria­
b i l i t y  of s ta in in g .

1-2 mm, smooth, 
sh in y , convex and 
opaque.

Uniform t u r b i ­
d i ty  upper 
h a l f  in ch .

( 1 #
(
(
(

1 .2 -2  x 
0 .6 -1 .2

Some b a r r in g . 1-2 mm, smooth, 
sh in y , opaque, 
orange-p ink  p ig ­
ment.

Uniform tu r b i ­
d i ty  upper h a lf  
in c h , p ink  
sedim ent.

h
(
( 112 
(
(
(
( 113

1 .2 -1 .9  % 
0 .U -0 .7

P o la r bod ies bu t no 
b a r r in g .

1-2 mm, w h i te , ' 
opaque, d ry  and 
g ra n u la r .

G ranular t u r b i ­
d i ty  upper h a lf  
in ch .

I . 2 -3 .0  x 
0 .6 -0 .9

Some b a r r in g . 1-2 mm, w h ite , 
sh in y , smooth, 
convex.

Uniform t u r b i -  
■ d i ty  upper 

h a l f  in c h .



Table I I I

P h y s io lo g ic a l c h a r a c te r i s t i c s  of d ip h th e r ia l ik e  organisms is o la te d  from s tu d e n t th r o a ts

G ul- Glu- . F ru c- G alac- Mai— Sue- Lbc— Dex- Gly- Manni- U r- NÔ  r e -
Group tu re cose to se to se to se ro se to se t r i n . c e ro l t o l ease d u c tio n

( 101 / / — / — — _ • /
( 102 / / - . / / - - / - /

I J 103 . / / / - / - - -  . - - /
( i o l / / 7 / / 6 . - / /
( H l - - / - - - 7 -  . - - /

( 107 / / / — — — — C /
2 ( 109 / ' / - - /  . - - - - /

( H O / . /  . . / — 7 - -  - - - - /

O ( 108 / / — — — — _ _ —

( 111 / / / / . / - - - -

( io5 ■ ■» —

' h ( 112 / - a — " — — — - . . /
—

( 113 / - / — - - - —
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C la s s i f ic a t io n  o f groups

A- com parison of th e  m orpholog ical and p h y s io lo g ic a l  c h a r a c te r i s t i c s  

o f the  organism s i s o la te d  w ith  thos.e o f C» d iphthe r i a e  as g iven  in

Bgrgeyt S Manual o f D eterm inative  B ac te rio lo g y  (Breed e t  a l ,  19U8) i s
Cf

p re sen te d  in  t a b le  IV,

The m orpholog ical and p h y s io lo g ic a l c h a r a c te r i s t i c s  o f th e  organisms 

o b ta in ed  from F ro b ish e r and from  G a lb ra ith  were a ls o  determ ined . A ll 

were gram p o s i t iv e  rods w ith  freq u e n t a n g u la r  and p a lis a d e  fo rm atio n s. 

L ikew ise, a l l  produced c a ta la s e  and reduced  n i t r a t e s  to  n i t r i t e s .  None, 

however, produced in d o l from  tryp tophane or l iq u e f ie d  g e la t in ..  The o th e r ' 

c h a r a c te r i s t i c s  determ ined a re  p re sen ted  i n  ta b le s  V and V I.

I t  w i l l  be no ted  in  ta b le  IV t h a t  Group I  and Group 2 p re s e n t a 

p ic tu re  v e ry  s im ila r  t o  t h a t  of C. d ip h th e r ia s  as d esc rib ed  in  BergsgJs 

.M anual. Group 2 organism s were sep a ra te d  from  Group I  only  on the b a s is  

o f th e  p ro d u c tio n  o f th e  brown so lu b le  pigm ent in  s o l id  m edia. This 

a b i l i t y  i s  n o t m entioned in  co n nec tion  w ith  any of th e  c o ry n e b ac te ria  and 

seems to  p lace  th e se  th re e  organism s i n  a group a p a r t .  Group 3 d i f f e r s  

from C. d ip h th e r ia s  in  th a t  n i t r a t e s  a re  n o t reduced to  n i t r i t e s .  The 

m iscellan eo u s organism s i n  Group U show s l i g h t  v a r ia t io n s  i n  n i t r a t e  

re d u c tio n , u re a  h y d ro ly s is ,  and sugar fe rm e n ta tio n . C u ltu re  1G£ r a th e r  

c lo se ly  resem bles G orynebacterium  pseudod ip h th e riticu m  excep t th a t  i t  .
_  ' -T

produces a  very  d ec id ed ly  o range-p ink  pigment in s te a d  of being  "g ray ish  to  

.c ream -co lo red" a s  d e sc rib e d  i n  Berg e y 's  Manual.

I t  i s  in te r e s t in g  t o  n o te  t h a t ’ th e  organism s of Group I  very c lo se ly  

resem ble two s t r a in s  o f C. d ip h th e r ia s  type minimus o b ta in ed  from



Table IV
M orphological and p h y s io lo g ic a l c h a ra c te rs  of organisms i s o la te d  from th ro a ts  of

s tu d e n ts  compared w ith  C. d ip h th e r ia  as d esc rib ed in  B ergeyi S Manual

C h arac te r C o d ip h th e ria e * Group I Group. 2 Group 3 Group h
Shape Rodss sometimes ■ Rods, few Rods. Small ro d s . Rodsi . '

c lu b s « clubbed .
S ize  (m icrons) I . 0 -9 .0  x  0 .3 -0 .8 Io 2 -3 o8 x I , 2 -3 ,6  x 0 .6 -1 .7  x Io 2—3 »0 x

0 .5 -1 .2 0. 4- 1.2 0 .2 -0 .6 0 .4 -1 .2
Appearance B arrin g , m etachro- B arrin g , a B arring  and Unevenly B ar- Gran-

m atic g ra n u le s . few p o la r m etachrana- s ta in in g . r in g u le s
b o d ie s . t i c  g ra n u le s .

Group form a- Angular and p a l i - Same, Same. Same, Same.
t io n sad e .
Gram re a c tio n • / / / / / /
Og requ irem ent A erob ic , A erob ic , A erob ic . A erob ic . A erobic.
M o ti l i ty - - . - -
C a ta la se /
G e la tin  l iq u e - — - - - - -
f a c t io n
In d o l - - - - “ -
N itra te  re d u c tio n  / / - / -
Urea - - — 7 /
Sugar ferm en ta tion . -

Glucose / / / -
F ru c to se / y / / - —

G alactose V a ria b le . V a ria b le . V a ria b le . V a riab le . — -

M altose V a ria b le . V ariab le . — V ariab le .. — —

Sucrose V ariab le . V ariab le . V ariab le . V ariab le . —• •
D ex trin V a ria b le . V a r ia b le . - V a ria b le . —
G lycero l V a ria b le . — — -»

^According to  Bergeyi s Manual



Table 7

M orphological c h a r a c te r i s t i c s  of G_o_ d ip h th e r ia s  c u ltu re s  o b ta in ed  
from F ro b ish e r (F) and from G a lb ra ith  (G)

C u ltu re  S ize  (m icrons) C e l lu la r  appearance G o lo n ies Broth
F I I  «0-2 0)4. X OoU-dOoS L i t t l e  v a r ia t io n  in  s ta in in g , W hite, opaque. T u rb id ity  upper ?

few g ra n u le s . smooth, sh in y , in c h , s l ig h t  p e l -
. co n v ex .' l i c l e  fo rm atio n .

F 2 0 .6 -2 .2 X 0 .4 —0 .6 Uniform s ta in in g ,  o ccas io n a l Il U

g ra n u le .
F 3 1 .2 -3 .0 X 0 .4 -0 .5 O ccasional b a rre d  ro d , m eta- H II

chrom atic g ra n u le s .
F h 1 .8 —3 .6 X 0 .5 -0 .6 O ccasional b a rre d  ro d , m eta- W hite, opaque, rough , "

chrom atic g ra n u le s . i r r e g u la r ,  d u l l .
F £ • 0 .U -1.8 X 0 ,4”0 e6 U niform ly s ta in in g  ro d , club W hite, opaque, smooth, !l

- forms p re s e n t . sh in y , convex.
F 6 0 .9 - 2 .I X 0 .4 -0 .7 V a ria tio n  in  s ta in in g ,  occa- Il Il

- s io n a l  clubbed form .
F 7 0 .6 -3 .8 X

OnOIO

B arred  ro d s , club forms p re - M inute, t r a n s lu c e n t .  Uniform tu r b id i ty
s e n t . smooth, sh in y . upper I ' in ch .

F 8 O6S-Ile 2 X 0 .5 -1 .0 B arred ro d s , c lub  forms p re s e n t , " It
F 9 • 1 .0 -2 .U X 0 ,4™o.6 B arred ro d s , m etachrom atic W hite, opaque, Turbid upper ^

g ra n u le s . smooth, sh iny) in c h , s l ig h t  p e l -
convex. l i c l e  fo rm atio n .

G I 0 .6 -1 .8 X 0 .4 -0 .5 B arred ro d s , o ccas io n a l m eta- M inute, t r a n s lu c e n t ,  Uniform tu r b id i ty
■ chrom atic g ra n u le s . sh in y , convex. upper I  in ch .

G 2 I . 2 -1 .8 X o .4 - o .7 B arred  rods and m etachrom atic 11: Il
g ra n u le s .

G'3 0 .4 -1 .8 X 0 .4 -0 .8 Uniform ly s ta in in g  rods of Il it
vary ing  s i z e s .

G U 0 .4 -1 .4 X 0 .3 - 0 . 5 B arred ro d s , o ccas io n a l club 11 Il

shape.
G.5 0 .5 -1 .2 X 0 .3 - 0 . 5 Uniform ly s ta in in g  ro d s , occa- ii 11

s lo n a l  c lu b  shape„



Table VI

P h y s io lo g ic a l c h a r a c te r i s t i c s  of C_c_ d ip h th e r ia s  c u ltu re s  
ob ta ined  from F ro b ish e r (F) and from .G a lb ra ith  (G)

C u ltu re
Glu­
cose

Fruc­
to se

Galac­
to s e

Suc­
ro se

Lac­
to se

Mcil™
to s e

Dex­
t r i n

Manni­
t o l

Gly­
c e ro l U rease

F I  ' / A / - - / / / -

F 2 7 / / — • - - / - -

F 3 / / / - /  . - / - -- -

F U / / / - - / / / -

F $ / / / - - - - - -

F 6 / - / - - /  . - - -

F 7 / - 7 - - /  ■ - ■’ / -

F 8 / - - - - - - / -

F 9 / - - - 7 -

• G l  . * / - -• A - - -

• G 2 / - - / - - — / -  ■

G.3 / - - - - / - -

G U - - — - - - - - - -

G 3 — — -  • ' « — - «■ — —

)
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' ' Table VII

Comparison of- Group I  organism s i s o la te d  from 
s tu d e n ts ' th ro a ts  w ith  Co d ip h th e r ia s  type 

.minimus fu rn ish e d  by F ro b ish e r

S iz e : (m icrons) ■

Appearance on 
s ta in e d  smear

Colony c h a r a c te r i s t i c s  
a .  Agar s la n t

b 0 Agar p la te

C e Blood agar p la te s

do L o e ff le r  s la n ts  

Growth in . b ro th

Urea

N it r a te  re d u c tio n  

In d o l p ro d u c tio n  

C a ta la se  

G e la tin

Known Minimus

0 .6 -3 .8  x  0 .3 - 1 .O

B arred  fo rm s, c lub  
sh ap es , few p o la r  
bod ies »

T ran sp a ren t, beaded, 
d u l l  o

M inute, smooth, convex, 
sh in y , t r a n s lu c e n t .

Gray, m inu te , smooth, 
sh in y , t r a n s lu c e n t .

Sm all, c o lo r le s s .

Uniform tu r b id i ty  upper 
^  in c h .

No h y d ro ly s is .

/

/

No l iq u e fa c t io n .

Group I  Organisms

'1 .2 -3 .8  x  0 .5 -1 .2

B arred  form's, c lub  
sh apes, few g ranu les 
and p o la r  b o d ie s .

T ran sp a ren t, beaded, 
d u l l .

M inute, smooth, convex, 
sh in y , t r a n s lu c e n t .

Gray, m inu te , smooth, 
sh in y , t r a n s lu c e n t .

Sm all, c o lo r le s s .

Uniform tu r b i d i ty  upper 
g in c h .

No h y d ro ly s is .

/

/

No l iq u e f a c t io n .
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F ro b ish e r and s tu d ie d  s im u ltan eo u s ly . This s im i la r i ty  i s  shown in  

ta b le  VIIo

R e su lts  o f Schick  t e s t s

The Schick re a c t io n  of th e  s tu d e n ts  from  whom th e se  13 c u l tu re s  were 

i s o la te d  were a l l  found to  be  n e g a tiv e , hence no fo llow -up  work was done.

I t  had o r ig in a l ly  been p lanned th a t  th ro a t  c u l tu re s  would again  be s tu d ie d  

from th o se  who showed p o s i t iv e  re a c t io n s  to  see i f  th e  same type o f organ­

isms cou ld  be r e i s o la te d  from th e  th r o a t  a f t e r  im m unization.

B a c te r ia l  growth on th e  t e l l u r i t e  medium used

As was s ta t e d  e a r l i e r ,  th e  most f r e q u e n t ly  encoun tered  organism  on th e  

t e l l u r i t e  medium used , was a  gram p o s i t iv e  m icrococcus growing ap p a ren tly  

u n in h ib ite d . The c o lo n ie s  were v e ry  sh in y , smooth, and convex. When 

touched w ith  th e  in o c u la tin g  n e e d le , th e  growth was found to  be ra th e r  

s t ic k y  and mucoid, '

S tre p to c o c c i , i f  they grew a t  a l l ,  produced a very  sm all tra n s p a re n t 

colony. These were d i f f i c u l t  to  see  and i t  was ‘easy to  p ick  them up w ith  . 

th e  o th e r c o lo n ie s . However, con tam ination  w ith  s t re p to c o c c i  p re sen ted  a 

problem in  only a few of th e  c u ltu re s  o b ta in ed .

■ One p la te  showing f l a t  g ray  co lo n ie s  proved when sub c u ltu re d  on an o th er 

medium, to  be an organism  w ith th e  c h a r a c te r i s t i c  appearance o f the  y e a s ts .  

This coIbny could  n o t be confused  w ith C. d ip h th e r.iae , b u t d id  grow w e ll 

enough and ra p id ly  enough to  overgrow the slow er growing co ry n e b ac te ria .

A sm a ll gram n eg a tiv e  hod was encoun tered  o c c a s io n a lly , b u t t h e . 

c o lo n ia l  c h a r a c te r i s t i c s  were n o t observed.
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. Co d ip h th e ria e  produced very  b la ck , d u l l  co lo n ies  on the  t e l l u r i t e  

medium. I f  a p la te  were h e av ily  in o c u la te d  w ith  th is  organism , i t  grew 

very  w e ll, b u t when few er organism s were p re se n t and i n  a mixed c u ltu re , 

th ey  w ere o ften  overgrown by the  gram p o s i t iv e  co cc i.

Nd organism s p re se n tin g  Ifche ty p ic a l  c h a r a c te r i s t i c s  o r appearance of 

C. p s e u d o d ip h th e r i t icum as d e sc rib e d  i n  B ergey1s Manual were o b ta in ed .

As th e se  a re  l i s t e d  as  being p re sen t in  26 ou t of c o n tro l  c a s e s , th ey  

must have been e i t h e r  in h ib i te d  by th e  t e l l u r i t e  in  the medium or of a 

colony s iz e  n o t v i s ib l e .  . .

DISCUSSION

Of th e  200 c u l tu re s  tak en  from the  th r o a t s  of ap p a ren tly  h e a lth y  

■young a d u l ts  on th e  Montana S ta te  C ollege, campus, 13 c u l tu re s  o f d ip h th e r ia  

o r d ip h th e r ia l ik e  organism s w ere i s o la te d .  F ive  of th ese  (Group I )  a re  

ve ry  s im ila r  t o  th e  C. d ip h th e r ia e  ty p e  minimus found by o th e r  w orkers.

T his i s  of i n t e r e s t  because of the  epidem ic of d ip h th e r ia  t h a t  occured 

in  Utah in  19U7 and 19U8, and in  which 39 out .of 73 o f th e  d ip h th e r ia  

c u ltu re s  i s o la te d ,  o r 33.3  p e rc e n t, -were of ihe minimus type (G a lb ra ith  

e t  ali, 19^8). Jen k in s  (19U8) s t a t e s  th a t  th e  h ig h e s t c a r r i e r  r a t e  of 

m-in-imn.c! found by him in  Utah a t  th a t  tim e  was among co lleg e  s tu d e n ts . The 

in c id en ce  of d ip h th e r ia  c ase s  from which minimus type organism s were 

i s o la te d  was a lso  in  t h i s  age group, being 60 p e rc en t. The c a r r ie r  r a te  

o f organism s resem b lin g  th is  ty p e  based  on f iv e  out of th e  13 o b ta ined  in  

t h i s  s tudy  a t  Montana S ta te  C ollege would be 38 .3  p e rc e n t. This seems 

very  h ig h , b u t when we ta k e  th e  p e rc en t th a t  t h i s  re p re s e n ts  o f the  t o t a l
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c u ltu re s  made5 w hich was 200, i t  i s  r e a l l y  v e ry  sm all, being only  2 ,5  p e r­

cen t of th e  t o t a l .  The t o t a l  c a r r i e r  r a t e  w ith  13 p o s i t iv e  - c u ltu re s  out 

of th e  200 i s  6.5> p e rc e n t.

Of th e  o th e r th r e e  groups, Group 2 d i f f e r e d  from C. d ip h th e r ia e  only 

in  t h a t  th e se  organism s produced a so lu b le  brown pigment in  s o l id  media. 

■This fo rm ation  of w ater s o lu b le , brown pigm ent by coryneb a c te r ia  was no t 

d e sc rib e d  In  any of the  l i t e r a t u r e  rev iew ed . Hence, i t  i s  n o t p o s s ib le  to  

a ttem p t t h e i r  c l a s s i f i c a t i o n .

Group 3 resem bles G. d i p h th e ria e  w ith  th e  ex cep tio n  th a t  n i t r a t e s  

were n o t red u ced . Group h co n ta in s  th re e  organism s th a t  d i f f e r e d  from 

c o ry n e b a c te r ia  in  a  number of r e a c t io n s  ( ta b le  IV ).

A U  th e  c u l tu r e s  w ere o b ta in ed  from Schick  n eg a tiv e  in d iv id u a ls .  In  

th e  Utah epidem ic, Jenk ins (19US) found th a t  of th e .c a s e s  o f d ip h th e r ia  

caused by th e  minimus ty p e  s t r a in s  of G. d ip h th e r i a e , 58,33 p e rc e n t were 

p e rsons who had been immunized, w h ile  only  37.03 perdejnt of a l l  o th e r 

cases re p o r te d  had been immunized.

The f a c t  th a t  our gu inea p ig  in o c u la tio n s  were n e g a tiv e  i s  not of 

much s ig n if ic a n c e  s in c e  G a lb ra ith  e t  a l , (19U8) found t h i s  minimus type 

d ip h th e r ia  organism  to  be r e l a t i v e ly  a  v i ru le n t  t o  guinea p ig s , even though 

some o f th e  s t r a in s  were i s o la te d  from p a t ie n ts  w ith  severe  d ip h th e r ia  

in f e c t io n s .  F ro b ish e r e t  £1 .(1951) a lso  r e p o r ts  the  minimus ty p e  organism s 

to  be only  s l ig h t ly  v i r u l e n t  to  r a b b i t s  when te s t e d  by s ta n d a rd  i n t r a -  

derm al p ro ced u res .

I t  was hoped th a t  some in fo rm atio n  would be o b ta ined  as to  th e  m e rits  

o f P a i ’s egg medium fo r  .use in  ro u tin e  t h r o a t  c u ltu re s . While th e  number
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o f c u ltu re s  tak en  was n o t la rg e  enough t o  prove the  s u p e r io r i ty  of e i th e r  

medium fo r  th e  i s o l a t i o n  o f C0 d ip h th e r ia s , P a i 1s medium d id  prove to  have 

advan tages, At l e a s t ,  a s  many d ip h th e r ia l ik e  organism s -were o b ta ined  on 

th e  Pai s l a n t s  as on th e  L o e f f le r  s la n t s .  The ease  o f p re p a ra t io n  of P a i ’s 

medium and th e  e x c e l le n t  dem onstration  of th e  ty p ic a l  corynebacterium  

morphology, such as b a r r in g , c lub  shapes, and m etachrom atic g ra n u le s , a re  

f a c to r s  in  i t s  fa v o r . O ther b a c te r ia  seem to  develop a s  r a p id ly  a s  the  

d ip h th e r ia l ik e  organism s, e s p e c ia l ly  th e  m ic ro co cc i. On L o e f f le r 1s 

medium th e  c o ry n e b ac te ria  te n d  to  outgrow the  o th e r  th ro a t  b a c te r ia ,  so 

th a t  in  e a r ly  c u l tu re s  t h i s  organism  w i l l  predom inate. This does n o t seem 

to  be t r u e  of th e  P a i medium, f o r  of the f iv e  c u ltu re s  showing predom inately  

d ip h th e r ia l ik e  organism s on th e  t e l l u r i t e  p la t e s ,  fo u r  of them were t r a n s ­

f e r r e d  from L o e f f le r  s la n t s  to  the  t e l l u r i t e ,  and only  one from a P a i 

s l a n t .

The rea so n s  f o r  o b ta in in g  no d ip h th e r ialike.' b a c te r ia  i n  the. th r o a ts  

of th e  33 s tu d e n ts  re p o r t in g  to  th e  Montana S ta te  C ollege Health. S erv ice  

w ith  severs so re  th r o a t s ,  i s  nob c le a r .  These c u ltu re s ' were a l l  predom i- • 

nant Iy  s t r e p to c o c c i .  The in f e c t io n  seemed to  be sev ere  i n  most cases . One 

c u ltu re  showed a  good growth of th e s e  c o cc i in  s ix  ho u rs , A s e r ie s  of 

c u ltu re s  from  p a th o lo g ic a l th ro a ts  shou ld  be done during  se v e ra l d i f f e r e n t  

seasons and over a  p e rio d  o f y ears  b e fo re  any co nclusions in  t h i s  m atte r 

can be made.

The c u l tu re s  o b ta ined  from F ro b ish e r and G a lb ra ith  showed a  co n sider­

ab le  amount o f v a r ia t io n  ( ta b le s  V and V I). This m ight be-expected , fo r .
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as p o in te d  ou t by F ro b ish e r (I9 lt0 ), th e re  i s  a  v a r ia t io n  in  th e  c u ltu re s  

o b ta in ed  from d i f f e r e n t  geograph icaL Io c a b io n s0- C onsequently , no a ttem p t 

has been made a t  d e ta i le d  com parative s tu d ie s «

On th e  t e l l u r i t e  medium used , th e  m icrococci grew v e ry  w e ll .  S trep ­

to c o c c i appeared bu t r a r e ly  and were th en  few  in  number and d i f f i c u l t  t o  

d e te c t .  On two occasions gram n e g a tiv e  ro d s  -were o b ta in ed  from th e  

t e l l u r i t e  p la te s .  On t h i s  t e l l u r i t e  medium th e  advantages a re  n o t a s  •' 

apparen t as some w orkers in  th e  f i e l d  have in d ic a te d .  The co ry n e b ac te ria  

a re  e a s i ly  reco g n ized , b u t th e  lu x u r ia n t  growth o f th e  m icrococci m ight be 

a d isad v a n ta g e ,

SUMMARY

■ Throat c u l tu re s  were, o b ta in ed  from 200 h e a lth y  c o lle g e  s tu d e n ts  a t  

Montana S ta te  C ollege du rin g  Freshman- -Week of 19U9, in  an e f f o r t  to  d e te r ­

mine th e  number h a rb o rin g  d ip h th e r ia  o r d ip h th e r ia l ik e  organism s,

L o e f f le r ’s and P a i1s media were compared f o r  prim ary c u l tu r in g  by in o c u la t­

in g  .equal numbers o f th r o a t  c u l tu re s ' on each medium. T e l lu r i t e  medium and 

"ch o co la te"  agar were employed fo r  i s o l a t i o n  and p u r i f i c a t io n .  T h irte en  

pure c u l tu re s  of d ip h th e r ia  or d ip h th e r ia l ik e  o rg an ises  were i s o la te d  and 

s tu d ie d . -Five s t r a in s  appeared t o  be very s im ila r  to  known c u ltu re s  of 

Corynebacterium  d ip h th e r ia e  ty p e  minimus. The o th e r e ig h t  c u ltu re s  d i f f e r ­

ed in  a t  l e a s t  one c h a ra c te r  from any of th e  c o ry n e b ac te ria  d e sc rib e d  in  

B ergey1S Manual.

A ll  th e  s tu d e n ts  from whom th e se  organism s were i s o l a t e d  gave h eg a tiv e

S chick  re a c t io n s ,  hence no comparisons were made as to  th e  change in  c a r r i e r  

s ta tu s  a f t e r  im m unization.
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L o e f f le r 1s and P a d 's  media were found to  be q u ite  com parable, 

L o e f f l e r 's  be ing  p re fe r re d  fo r  i s o la t io n  and P a i1S fo r m orphological 

s tu d ie s .

No d ip h th e r ia l ik e  organism s were o b ta in ed  from any of th e  3E> p a th ­

o lo g ic a l  th r o a ts  from which c u ltu re s  were made. S tre p to c o c c i appeared to  

be th e  predom inating  organism.-

M orphological and p h y s io lo g ic a l s tu d ie s  made on th e  lU c u ltu re s  of 

C. d ip h th e r ia e  o b ta in ed  from F ro b ish e r and from G a lb ra ith , showed some 

v a r ia t io n .  This was a ls o  found to  be t ru e  of th e  organisms is o la te d  

du ring  th e s e  s tu d ie s .
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