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Development of Sulfathiazole-Resistant Gonococci I n  vitro. 

WILLIAM M. M. KIRBY. (Introduced by A. L. Bloomfield.) 
Front ilic Depnrtvirnt of Metlici?ie, S t a n  ford Z?‘n.ivt.rsity School of Xediciiie, Son Frajicisco, 

C a l i f .  

Gonococci cultivated in gradually increasing 
concentrations of sulfanilamide or sulfapyri- 
dine readily develop resistance, or fastness, 
to the bacteriostatic action of these sulfon- 
amides.lV2 With sulfathiazole, however, at- 
tempts to produce resistant strains of gono- 
cocci have not been su~cessful.~ The potential 
clinical significance of this observation has 
been pointed out in a recent editorial in the 
Journal of the American Medical Association 
as follows, “This failure of the gonococcus to 
develop resistance to sulfathiazole suggests 
that sulfathiazole-fast strains are not likely to 
be developed in the clinic or to be spread to 
the general pop~lation.”~ 

Recent experiments in this laboratory have 
indicated that under proper conditions organ- 
isms susceptible to the bacteriostatic action 
of any of the sulfonamides should be capable 
of becoming resistant to all of the sulfon- 
amides:? If this theory is correct, it should 
be possible to develop sulfathiazole-resistant 
gonococci, and the following in vitro experi- 
ments were undertaken to determine whether 
this could be accomplished. 

Materials and Methods. A strain of 

broth containing gradually increasing concen- 
trations of sulfonamides, beginning with sul- 
fanilamide 25 pg per cc and sulfathiazole 0.025 
pg per cc. After 3 transfers the sulfonamide 
concentrations were doubled, and this process 
was repeated until the concentration of sulfan- 
ilamide was 500 pg per cc, and that of sulfa- 
thiazole was 10 pg per cc. Growth of the 
control and resistant organisms was measured 
by turbidity readings on the Coleman Uni- 
versal Spectrophotometer. Using the same 
technic, measurements were made of the bac- 
teriostatic effect of sulfapyridine and sulfa- 
diazine on the control and resistant organisms. 

Results. Growth curves of the control and 
resistant organisms are presented in Fig. 1. 
I t  is evident that transfers in gradually 
increasing concentrations of sulfonamides 
caused the gonococci to become markedly 
resistant to both sulfanilamide and sulfathia- 
zole. These same sulfonamide concentrations 
completely inhibited the growth of the control 
organisms ; indeed, they were completely inhib- 
ited by concentrations less than one-eighth as 
great as those shown in the figure, even after 
30 days. 

TABLE I. Xeisseria gonorrhoea! isolated from a male 
with gonococcal urethritis was The Bacteriostatic Action of Four Sulfonaniides 
the experiments. Using: the auantitative tech- upon Sulfathiazole-Resistant Gonococci. Growth is 
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nic previously described,5 a cinstant inoculum expressed in terms of optic:d density (Turbidity). 
See text for explanation. of about one million organisms per cc was 

transferred every 5 to 7 days in iO% ascitic 
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Sulf athiazole- 
Control resistant 

Drugs pg/cc organisms gonococci 

Sulfanilamide 500 0 .3ci 
Sulfapyridine 50 0 .35 
Sulfadiazine 10 0 .32 
Sulfnthiazole 10  0 .30 

Table I shows the results when the sulfa- 
thiazole-resistant organisms were grown for 5 
days in media containing sulfathiazole 10 pg 
per cc, sulfadiazine 10 pg per cc, sulfapyridine 
50 pg per cc, and sulfanilamide 500 pg per cc. 
Good growth occurred with all the sulfon- 
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SULFATHIAZOLE-RESISTANT GONOCOCCI in vitro. 

Non - r esist an t or gonis ms 
wi th  no sulfonamides. 

0 Sulfanilamide 500 Pg. / C C  

Resistont orgonisms 

Sulfathiozole 10 p g . / c c .  
/ ’  

;. . _ . _ _  3 . . ._. . .  . .  :...-.- . 3 - . ~  . *-. _ . .  %-. - .* Non - resistant orgonisms ----- - - - - - -  - -  - -  with sulfonamides. 

Days I 2 3 4 5 6 7 
Figure I .  Growth Curves of Resistant and Non-resistant Gonococci. 

amides, while the controls were completely 
inhibited. The results when the sulfanilamide- 
fast gonococci were grown in media containing 
the other three sulfonamides were essentially 
the same, and therefore are not included in 
the table. 

Comment. In  these experiments sulfathia- 
zole-resistant gonococci have been developed 
with comparative ease. The failure of pre- 
vious workers to accomplish this may have 
been due to beginning with too high a concen- 
tration of sulfathiazole, for it must be realized 
that in these in vitro experiments the bacterio- 
static potency of sulfathiazole is more than 
50 times as great as that of sulfanilamide. 

The sulfathiazole-resistant gonococci were 
also resistant to sulfanilamide, sulfapyridine, 
and sulfadiazine, and the sulfanilamide- 
resistant organisms were also resistant to sulfa- 
pyridine, sulfadiazine, and sulfathiazole. 

These findings, which are being extended to 
other strains of the gonococcus, are in accord 
with the previously advanced thesis5 that the 
development of sulfonamide resistance repre- 
sents an interaction between the organisms 
and the p-amino nucleus of the sulfonamides, 
and that organisms susceptible to the bacterie 
static action of any of the sulfonamides are 
capable of becoming resistant to all of the 
sul fonamides. 

Summary and Conclusions. Using a simple 
in vitro technic, it has been possible to develop 
both sul f anilamide-resistan t and sul fathiazole- 
resistant gonococci. The sulfathiazole- 
resistant organisms were resistant to sulfanil- 
amide, sulfapyridine, and sulfadiazine, and 
the sulfanilamide-resistant organisms were also 
resistant to sulfapyridine, sulfadiazine, and 
sulfathiazole. The significance of these ob- 
servations is discussed. 




