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TABIiE 1. Susceptibility of Patbogeiiic Bacteria t o  T’olyinyxiii €3 (P) aiitl (lolistin (C)  I n  Vitro.  

Comparison of 31.1.C.’~ 
Rtillge of M.I.C., p g / d  P = C P > C C > P 

KO. of Avg AV;S 
0 rga iiisiii straiiibx P c % yo P/C cyc7 C/P 

Eschericlria coli 26 
Berobactcr 24 t 
Klebsiella piieurnoiiiar 13 
Pseudomonas aeruginosa 29 
Shigella 40 
Salnionella 32 
Xeisseria goaorrhoeae 2,5 
Hemophilus influenzae 43 
Stnphylococczis atireiis 26 
All except 8. aairczis 232 

.8- 3.1 

.8->100 

.8- 100: 
3.1- i2.5 
.8- 3.1 
.8- 3.1 

.4- 3.1 
> l o o $  

25 - 100 

.4- 3.1 
I .ti-> 100 
.4- 10Of 

3.1- 12.5 
.4- 3.1 
.8- 3 .1  

25 - > l o o  
,8- 2.5 > 100 

42 23 1.8 
38 29 2.0 
38 38 1.5 
1 7  0 
53 20 3.9 
47 1 6  1.9 

8 8 2.0 
5 5 1.6 

30 15 

25 
33 
2 3  
83 
28 
3 7 
84 
9 1  

55 

1.8 
2.0 
1.8 
1.8 
1.5 
2.0 
3.4 
4.0 

M.I.C. = Miniitium inhibiting concentration, calciilated as l ~ s e ,  
&’ Only strains tested sininltarieorxsly with both P ;md C are  i n c l u d d .  
t 13 wcre A. aerogenrs (M.I.C. 1.6-6.3) and 11 w ~ r e  A .  cloacae; 3 of the lattcr \vtrc no t  in- 

$ Only 1 strain was inhibited by 100 pg/ml of P a n d  C ;  the rest were inhibited by 4 3 . 3  and 
hibited by 100 pg/ml of P or C and  8 were susceptible t o  6 2 5  pg/ml. 

6 3 . 1  u d m l  of P and C. resnectivelv. 
Q OKly 1 strain was’inhikted b i  100 pg/inl 

fate (Aerosporin) was supplied by Bur- 
roughs Wellcome & Co.; colistin was supplied 
either as sulfate (Coly-mycin S) or as me- 
thanesulfonate (Coly-mycin M)  by Warner 
Lambert Research Inst. but only the sulfate 
was used in the in vitro studies. All concen- 
trations are expressed in terms of weight 
equivalent sf base. Strains of moist species 
tested for sensitivity to these antibiotics were 
recently isolated from blood, urine or infected 
exudates submitted for culture to the Bac- 
teriology Laboratory, but most strains of 
Escherichia coli and Klebsiella pneunzoniae 
were of specific types obtained from Dr. P. R. 
Edwards, Communicable Diseases Center, 
Chamblee, Ga., who also furnished strains of 
Aerobacter cloacae and A .  aerogenes. Sensitiv- 
ity of strains to the antibiotics was determined 
after growth for 24 hours on plates of heart 
infusion agar, Difco, p H  7 . 2 t ,  into which 2- 
fold dilutions of the antibiotics were incor- 
porated, the highest concentratioln tested be- 
ing 100 pglrnl. “Chocolate” agar was used 
for strains of HernoPhilus infiuenzae and 
Neisscria gonowhoeae, and incubated under 
increased CO, (in candle jar) for 48 hours. 
Minimum inhibiting concentration (M.I.C.) 
was considered the lowest concentration with 
no perceptible growth or very slight growth 
visible only with a magnifying lens ( 3  x)  ; 
in  comparing activity of the 2 antibiotics, the 
latter type of growth was arbitrarily rated as 

SOY;’, , whereas moderate inhibition (+ growth, 
cf +++ growth on antibiotic-free medium) 
was rated as 75% of the 2-fold increment in 
R;I .I. C . 

Results. Susceptibility of various organisms 
to  Polymyxin B and Colistin. Results of tests 
for sensitivity of 258 strains of 9 genera or 
species of bacteria to the 2 antibiotics are 
summarized in Table I. All 26 strains of S. 
auPeus were resistant to 100 g / m l  of both 
antibiotics, except one that was inhibited by 
this concentration of polymyxin. Several 
strains of various streptococci and other Gram- 
positive cocci as well as strains of Proteus (not 
listed in Table) were tested and found resis- 
tant to 100 pg/ml, except a strain olf S. lutea 
which was inhibited by 50 pg/ml of po’lymy- 
xin and 100 pg/ml of colistin. Of 232 strains 
of Gram-negative organisms listed in Table I, 
30yh were equally susceptible to both anti- 
biotics, 55% were more susceptible to poly- 
myxin and only 15% were more sensitive to 
colistin. The differences were usually only 
slight, and for many individual strains were 
less than one 2-fold dilution, ie . ,  one antibi- 
otic prolduced complete inhibition in the same 
minimum concentration that produced partial 
inhibition by the other. Average ratios of 
inhibiting concentrations are listed in Table 
I for strains of each genus or species in which 
the M.1.C. of the 2 drugs differed. Average 
ratio was usually less than 2, except for JI. 
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injurnzue against which polyniysin was. on 
the average, 4 times as active as colistin for 
91% of the strains, and among those of S. 
gonorrhome, for 84y , of which the 11.1 .t’. 
of colistin was, on the average. 3.4 times 
greater than that of polymysin. 

D r velopnzent of rcsistafqre a i d  c r o s s ~ ~ ~ s i s -  
tanre in vitro. Two studies were carried out 
to produce resistant strains. one by multiple 
steps and the other by a single step. Four 
culturally and b i oc henii ca 11 y d is t i n c t s t r a i n s 
originally susceptible to both polymysin and 
colistin were used. In  the first experiment. 
each strain was subcultured on 2 series of agar 
plates, one containing serial dilutions of poly- 
myxin and the other similar dilutions of col- 
istin, as in tests for sensitivity. After incuba- 
tion for 48 hr a t  37-C‘. 2 nim loopful of the 
qrowth was scraped from surface of plate from 
each se r i es con t ai n i n g ni a s i m 11 ni con ce n t r ;I t i ( )n 
of antibiotic on which growth was eyual to 
that on control plate of antibiotic-free agar 
(G.E.C.) ; this was suspended in 1 in1 of broth 

and the suspension used to inoculate another 
similar series of plates containing the same 
antibiotic. After each 5 subcultures on the 
same antibiotic, the inoculum was also used 
simultaneously in test for sensitivity to the 
heterologous antibiotic. The  J1.I.C. and 
G.E.C. were recorded a t  each subculture and 
a total of 30 transfers on each antibiotic were 
thus carried out, the parent strains also being 
transferred on antibiotic-free agar each time. 
C’hanges in  susceptibility to homologous and 
heterologous antibiotics are summarized in 
Table IT. High degrees of resistance to each 
drug with complete crossresistance developed 
in the green strain of Ps. aeruginosa and in the 
strain of A .  aerogenes, but the susceptibility 
of the brown E’seudomonas and the E. GO& did 
not change significantly. 

In the second experiment, the same 4 strains 
were used to derive single-step mutants by 
growing a large inoculuni on the surEace of 
antibiotic-containing agar. Sedimented or- 
ganisms from 10 ml of a 24 hr growth in 
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E .  coll; 

P 100 
(; 100 
P 200 
c 200 
P 1000 
c 1000 
P 100 
c 100 
P 200 
c, 200 
P 10017 
c 1000 
P 100 
c I00 
1' 200 
(1 200 
P 1000 
c: 1000 
IT 100 
c 300 
P 300 
c1 200 
P 1000 c 1000 

12.5, 3.1 

3.7, 6.3, 1.6 
3.1,3.1 
.4, .4 
no  growth 

3 3  

> LOO, > I00  

1.6,l.fi) .8 
2.5) 25 
1.6, .8 
no  growth 

9 9  

>loo ,  > I 0 0  

___- 
A' in1 of cultureJ the eeritrifuged sediineiit of which was used as i n o c u l u ~ ~ i  for each I'liite. 
t P = polyiiiyxin R, C = eolistin; Xo.  indicates coiicentratioii in pg/nil. 
$ Also >SO tiny colonies that failed t o  grow on subcultnril with or without antibiotic. 

brain-heart infusion broth were resuspended 
in about 1 ml and flooded over the surface 
of 2 agar plates, one containing 100 pg/ml of 
polymyxin and the other a similar amount of 
colistin. The plates were allowed to stand 
with porous clay covers for several hours a t  
room temperature until the surfaces were 
nearly dry, then incubated at  37°C with the 
porous covers until the surfaces were com- 
pletely dry when glass covers were replaced 
and incubation was continued for 36 to 
48 hr. After that time, the number of col- 
onies that developed were noted and repre- 
sentative ones were picked, emulsified in small 
amount of broth and the suspension streaked 
on the surface af antibiotic-free agar and on 
agar containing 12.5 pg/ml of the homologous 
antibiotic to bring out any dependent variants. 
All organisms that grew on the antibiotic- 
containing agar also grew in absence of anti- 
biotic, indicating that none of them were anti- 
biotic-dependent. Growth from the antibio- 
tic-free agar was then subcultured to broth 
and the resulting growth used to test for sen- 

sitivity to both antibiotics. The same pro- 
cedure was repeated using the sediment of 25 
ml of culture on agar Containing 200 and 1000 
pg /ml of each antibiotic. 

The results are summarized in Table 111. A 
few sensitive "persisters" were identified in 
growth of green Pseudomonas on 108 pg/ml 
of colistin and in growth of brolwn Pseudo- 
monas in concentrations of 100 or 200 pg/ml 
of olne or both antibiotics. One-step, highly 
resistant mutants, however, developed only 
in A .  aerogenes on 100 or 200 pg/ml of either 
antibiotic. Dependent variants could not be 
demonstrated. 

Comment. Our data indicate that colistin 
is comparable with polymyxin I3 in its activ- 
ity in vitro against strains of organisms that 
are susceptible to the latter. Previous obser- 
vations by Jawetz and Coleman ( 7 )  indicated 
that high degrees of resistance to polymyxin 
B could be obtained by daily subcultures 
using large inocula of A .  aerogenes or Ps. aer- 
uginosa that were originally of intermediate 
susceptibility to that antibiotic, but only a 
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slight rise in  resistance could be xhieved with 
14 daily transfers of an originally hi 
c.t.l)til~le strain of I<. coli. \Vright r t  a l . ( 8 )  
subjected 6 strains of E.  coli to 201 subcultures 
in presence of polymyxin B and demonstrated 
increased resistance (12.5 to >400 pg ml) 
in only one of them. Two of 4 strains showed 
marked increases in resistance by repeated 
subculture in either polymysin or colistin 
and this was accompanied by complete cross- 
resistance to the heterologous drug. One of 
the same 2 organisms aIso yielded one-stel) 
highly resistant mutants. which also showetl 
complete crossresistance. 

I'olymyxin 13 
and colistin, 2 closely related polypeptide an- 
tibiotics, had similar antibacterial activity 
against a large number of pathogenic bacteria. 
I'olymysin was somewhat niore active than 
colistin against 55% of susceptible strains. on 
the average 3.4 and 4 times as active against 
most strains of S. gonorrhorue and IZ. inflzr- 
enzae, respectively. Highly resistant variants 
developed on repeated subculture of a strain 
of A .  awngenes and one of Ps. aeruginosa on 

Sir111 mury  and coizclusions. 

agar containing either of these antibiotics; 
complete crossresistauct. 10 the other anti- 
Iiiotic developed in  each instance. Single-step 
niutants of the same strain of A ,  aeragunes, 
highly resistant to each antibiotic, were read- 
ily obtained by seeding a large inolculum on 
the surface of agar containing 100 or 200 pg/ 
nil of that antibiotic: these mutants were 
completely cross-resistant to the heterologous 
antibiotic. Antibiotic-dependent variants were 
not encountered. 
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Experimental Histoplasmosis in Monkeys." (25512) 

SAMUEL SASLAW, HAROLD N,  CARLISLE AND JOANN SPARKS 
Dcpt .  of JledicinP, The Ohio S ta te  Gniversity, Columbus 

Previous studies from this laboratory have 
been concerned with pathogenesis of histo- 
plasmosis in mice( 1-4), dogs ( 5 )  , and other 
large animals ( 6) .  The present report com- 
pares infectivity of Histoplasma capsdatum 
for Macaca mulatta when administered by in- 
tratracheal (IT), intranasal (IS), intragas- 
tric (IG) and intravenous (TI') routes. 

Materials and methods. I'oung adult mon- 
keys were inoculated by various routes above 
with 5 ml of saline suspension of yeast phase 
H .  capsulatunzt containing 2 ml oi packed 
cells from 4-day cultures grown on brain heart 

infusion (Difco) blood agar. Eight monkeys 
were inoculated IT( 7 ) ,  4 IN@),  3 IG(9) and 
2 I V  (long saphenous). Blood cultures, taken 
4, 7, 14, and 2 5  days after inoculation when 
possible, and all tissues taken at autopsy were 
treated and cultured by the method of Conant 
( 10). The serologic response of monkeys was 
followed by collodion agglutination ( 1 1 ) and 
complement fixation (12 )  tests. Periorbital 
subcutaneous tests( 13) for sensitivity to his- 
toplasmin were carried out before inoculation 
and on surviving animals 6-7 weeks after in- 
oculation. 

*Supported by Nat. Inst. Health grant. ResuEts. Table I summarizes the findings 
t Strain G13-an isolate from SDontaneous histo- in 17 monkeys inoculated with H .  capsdatum 

plasmosis in a dog, originally obtained from Charlotte All 8 monkeys inoculated 
Campbell Army Medical Center, Washington, D.C. IT exhibited clinical evidence of infection. 

by various routes. 


