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T H E  purpose of this s tudy was to compare the bacteriostatie and 
bactericidal concentrations in vi tro of sodium sulfathiazole ~ and 

sulfaguanidine ~ for  cultures of Shige~la par adysenteriae Flexner,  
Skigella p a~adyse~nteriae Sonne, Shigella alkalescens , Esc,herichia c:oli, 
Eberthella typhosa, Salmonellc~ paratypld, S. morg~ni, and Proteus.  All 
of these cultures had been isolated f rom the stools of children acutely 
ill. 

This study differs from other in vitro studies in two respects: first, 
the Observations were made over a period of twenty-one to twenty-eight 
days instead of one, two, or three days as is the ease in most reports; 
and second, each culture was studied in a series of at least nineteen 
different concentrations of the drugs while most reports are based on 
one, two, or three concentrations of the drugs. Lawrence ~ used only 
one short period of observation, twenty-three to twenty-five hours, and 
only one concentration of sulfonamide, I0 rag. per cent. His data in- 
dicated that sulfathiazole and sulfamethylthiazole were somewhat more 
bacteriostatic over this short incubation period than were sulfapyridine 
and sulfanilamide on cultures of E. t?/phosa, Esch. coli, S. dysenteriae, 
S. par atyp~i, S. suipestifer, S. enteritidis, A. aerogenes, and Proteus 
vulgaris. Remmelkamp and JewelF made their  observations at the end 
of a twenty-four-hour  incubation period and used only one eoncentra- 
of sulfonamide, 10 rag. per  cent. They used cultures of E. typhosa S. 
par atyphi, and Shigella paradysenteriae F]exner  and Sonne in broth  
medium containing sulfathiazole, sulfanilamide, sulfapyridine,  and sul- 
famethylthiazole. Their  results showed tha t  there was some bac- 
teriostatie effect on S. p aratyphi and Shigella p,aradysenteria~e Flexner  
when the inoculum was about ten microorganisms per  cubic centimeter. 
Bornstein and Straus s observed a t  the end of twenty-four  hours  that  
sul fani lylguanidine was baeter ios ta t ic  in less t han  10 rag. per  cent 
for  Shigella p aradysenteria~e Flexner  and S. cholera e suis, in 10 rag. 
per  cent concentration for  S. parc~t?/phi A, and in 25 rag. per  cent for  E. 
coli. Long and Bliss 4 made their  observations at the end of f rom seven- 
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teen to twenty-four  hours on the bacteriostatic effect of 10 mg. per  cent 
of sulfathiazole, sulfapyridine,  and sulfanilamide on cultures of Esch. 
volt and B. pro.re,us. They found sulfathiazole as effective as sulfa- 
pyridine.  Lawrence and Sprmague ~ used concentrations of sulfanilamide, 
sulfapyridine,  sulfathiazole, and sulfani lylguanidine vary ing  f rom 100 
to 200 rag. per  cent. They observed that  sulfathiazole was more effective 
in vi tro as to bacteriostatic and bactericidal act ivi ty upon bacter ia  of the 
colon- typhoid-dysentery  group.  Straus  and F in land  ~ obtained viable 
bacterial  counts a f t e r  six, twelve, and twenty-four  hours and observed 
tha t  with small inocula sulfadiazine and sulfathiazole were bactericidal 
in concentrations as low as 1 or 2 rag. per  cent on Esch. colt and 
Sh~ige,ll~ paradysenter iae  F]exner , and in 5 rag. per  cent on S. schott- 
miilleri. Both drugs were bacteriostatic in 5 rag. per  cent for  S. 
par aty~hi. 

Bacto nut r ien t  broth plus sulfonamide was the medium used in this 
study, and the inoculum was usually between 50 and 150 microorganisms 
per  cubic centimeter. Our  cultures are stored in a semisolid medium 
composed of bacto brain hear t  infusion plus 0.3 per  cent nut r ien t  agar, 
in which heavy growth occurs. Two serial subcultures were made 
f rom the semisolid culture into synthetic medium which afforded 
moderate  growth. The second culture was diluted 1:100,000 with 
nut r ien t  broth, and 0.2 c.c. of this was inoculated into each of a series 
of tubes containing 10 c.c. of nut r ien t  broth with various concentrations 
of sulfonamide. The different concentrations of sulfonamide were ob- 
ta ined by first p repa r ing  the highest concentration in nu t r i en t  broth.  
This was then sterilized in  the autoclave and all other concentrations 
were p repared  by  making dilutions in sterile nu t r ien t  broth. The in- 
oculated tubes of sulfonamide broth were incubated at 37 ~ C. for  at least 
three weeks, observed frequently,  and subcultures made at regular  
intervals to determine the bactericidal concentration. 

Daily observations of broth cultures containing increasing concentra- 
tions of sulfonamide show increasing bacteriostatic levels. I f  such 
observations are made over a sufficient number  of days, the final bac- 
teriostatic concentration is the same as the final bacter ic idal  concentra- 
tion. Bacteriostatic and bactericidal sulfonamide in vi tro data are in- 
fluenced grea t ly  by certain factors  which we have po in ted  out recently 7 
such as the number, of bacteria in the inoculum , the quali ty of the 
medium and the length of the period of observation. Any  period of 
observation ]ess than  tha t  necessary to give data  regarding the final 
bacteriostatie and final bactericidal concentrations provides data which 
is incomplete and dependent  on the time of observation. We feel tha t  
our final results jus t i fy  car ry ing  the experiment  through to completion. 
I t  is our  experience that  the comparison of such final data  for  a number  
of s trains of bacter ia  is significant, and we have found that  fa i r ly  
constant results may  be obtained by  repeti t ion under  similar controlled 
conditions. A similar  method could be developed which would be ap- 
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plicable as a standard technique for testing the final bactericidal and 
changing bacteriostatie concentrations of sulfonamides for various bac- 
teria. As conditions are now, each investigator in this field uses his own 
choice of media, number of bacteria inoculated, quantity of drug, and 
time of observation, and he usually observes only for bacteriotasis. 
~{ore recently we have determined by bacterial plate counts that gross 
evidence of growth in Our sulfonamide broth media does not become 
apparent unti l  the bacterial count reaches 15  million Shige,lla para- 
dysewt~eriae per cubic centimeter. Thus it would seem that evidence 
of growth in su]fonamide broth media is n o r a  delicate measurement 
of the bacteriostatic influence of a drug on a microorganism. Profuse 
multiplication must occur before bacteriostasis :is ruled out by this 
method. 

In Table I is seen data regarding the changing bacteriostatic and the 
final bactericidal concentrations of sodium sulfathiazole and sulfa- 
guanidine for the twelve F l e ~ r  strains. The bacteriostatie effect was 
pronounced until the seventh day ~or all strains except one. During 
subsequent days growth appeared in the tubes of broth containing 
increasing concentrations of the sulfonamide approaching the bac- 
tericidal concentration. The Flexner strains showed a wide variation in 
susceptibility to sodium sulfathiazole. Bactericidal concentrations as 
low as 10 rag. per cent and as high as 200 rag. per cent were observed 
for different strains. Eight- of the twelve strains were killed by 100 rag. 
per cent or less of the sulfonamide in medium. The other four strains 
were killed by the sulfonamide in concentrations between 100 and 200 
rag. per cent. All 12 strains of Shigella paradysenteria, e Flexner were 
killed by concentrations of sodium sulfathiazole varying between 10 
and 200 rag. per cent. Such results are in keeping with clinical 
therapeutic results published previously s in which i t  was shown that 
children with bacillary dysentery derived benefit from the use of 
sulfathiazole and those with nonspecific diarrhea did not derive benefit 
from its use. All of the. Flexner strains showed growth earlier and 
more rapidly in medium containing sulfaguanidine than in similar 
medium containing sodium sulfathiazole. Only two of the twelve strains 
were killed by 200 rag. per cent of sulfaguanidine in medium. The 
solubility of sulfaguanidine is 200 rag. per cent. 

The seven strains of Shigella paradysenteriae Sonne, Table II, were 
much less susceptible to both sulfonamides than were the Flexner strains. 
The Sonne strains showed growth earlier in medium containing higher 
concentrations of both su]fonamides than did the Flexner strains. It  was 
necessary to repeat studies on three strains with higher concentrations of 
sodium sulfathiazole in the medium in order to obtain an end point for the 
bacteriostatic and bactericidal concentrations, since in the first studies 
with these particular strains growth occurred in medium containing all 
concentrations of the sulfonamide. The two sets of data for each of 
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these three strains are included in Table I I  to show that  these data 
are characteristic of strains of the par t icular  bacteria, and not merely 
culture differences of the same strain. We have had occasion to repeat 
our sulfonamide studies on other strains, and the results obtained 
on repetition have always been similar to those obtained previously. 
The bactericidal concentrations for  the Sonne strains varied between 
250 and 400 rag. per cent in contrast to the Flexner  strains, where all 
but  one were killed by concentrations of the drug less thma 200 rag. per 
cent. Sulfaguanidine in the medium_ had only a slight and brief  bae- 
teriostatic effect on the Sonne cultures. All but  one of the seven Sonne 
strains tested in sulfaguanidine showed growth on the second day in 
medium containing 200 rag. per  cent of the drug, the maximum con- 
eentration used. This one strain showed growth in medium containing 
200 rag. per cent of the drug on the four th  day. None of these strains 
were killed by 200 mg. per  cent of sulfaguanidine in medium. 

The miscellaneous group of fifteen strains, Table I I I ,  composed of 
Es~h. c oli, E. typhosa, S. par atyp,hi, S. morg~ni, Shige;~a. Mkalescens, 
and Proteus varied in their  susceptibility to the bacteriostatic effect of 
sodium sulfathiazole. Twelve of these fifteen strains showed heavy 
growth within seven days in medium containing high concentrations of 
this drug. Eleven of these twelve strains were killed by concentrations 
of sodium sulfathiazole vary ing  between 120 and 900 rag. p e r  cent in 
medium. One strain, Esch. cdi, was not killed by 2,000 mg. per cent. 
The other three strains, one of Proteus and two of S. mo.rga~i, were 
quite susceptible {o the bacteriostatie effect of sodium sulfathiazole and 
were killed by 60 and 70 rag. per  cent of the drug in medium. Again 
sulfaguanidine in the medium had only slight and brief bacteriostatic 
effect on all these cultures. All but  two strains showed heavy growth 
within four  days in 200 rag. per  cent of sulfaguanidine in l~roth. Sulfa- 
guanidine in 200 rag. per cent concentration was not  bactericidal for 
any of the cultures in this group. Our strains of E. typhosa and 
S. par at,y~,M had been isolated f rom children acutely ill with these in- 
fections who were subsequently t reated with sulfathiazole or sul- 
faguanidine or both separately without any favorable response. One 
strain of Shigd~  alkalesenee (Br.)  had been isolated f rom a pat ient  
with recurr ing severe bloody diarrhea. This pat ient  was t reated with 
]arge doses of sulfaguanidine over a number of days without any im- 
provement clinicaIly and wi thou t ' t he  disappearance of the microor- 
ganism from the stool. 

S UM M ARY 

Studies are reported on the bacteriostatie and bactericidal effects 
of sodium sulfathiazole and snlfaguanidine in vitro on twelve strains 
of Shigell~ paradysenteriae Flexner,  seven s t r a ins  of Shigella para- 
dysenteriae Sonne, and fifteen strains of a miscellaneous group of in- 
testinal bacteria, most of them pathogenic. 
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These studies differ f rom preceding studies in tha t  the observations 
were made over a period of twenty-one days r a t h e r  than  one or two 
days, ̀  as is the usual custom, and each strain was studied in a series 
of at least nineteen different concentrations of the drugs instead of 
one:, two, or' three concentrations as is usual. 

Sulfaguanidine was ;bactericidal for  only two of the th i r ty - four  dif- 
ferent  strains tested, and these were both strains of Shige~la p,ara.dyv- 
enteriae Flexner.  

Sodium su]fathiazole Was bactericidal for  all strains tested except 
one s t rain of Esc]~. coli. which survived in media containing 2,000 rng. 
per  cent o~ the drug. 

For  the F'lexner strains, sodium sulfathiazote was bactericidal f o r  all 
in concentrations between 10 and 200 rag. per  cent inclusive. 

For  the  Sonne strains, sodium sulfathiazole was bactericidal for all in 
concentrations between 250 and 400 rag. pe r  cent inclusive. 

FOr the miscellaneous group, sodium sulfathiazole was least bacteri- 
cidal fo r  strains of Esch. co,i, E..typhosa, S. p,~aty'p.M, and two of the 
S. morgan,. The baetericidaI concentrations for  these var ied between 
250 and more than 2,000 rag. per  cent. For  one strain of S. m orga~i, 
two of Shigella alkalescens, and two of Proteus, the bactericidal levels 
were between 60 and 120 mg. per  cent, which are comparable to those 
observed for  the P lexner  cultures. 

CONCLUSION 

These results indicate that  sodimn sulfathiazole was more bacterio- 
static and bactericidal for  F lexner  strains of Shigella puradyse~teriae 
than for  Sonne strains and still less bactericidal for E. typhosa and S. 
paratypM. 

These results also indicate that  sodium sulfathiazo]e was much more 
bactericidal than su]faguanidine for  the strains ~ested. 
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