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therefore, that a cell membrane containing substances of this char-
acter in the Gram negative bacteria may account for the lack of
sensitivity to the anionic agent. We are, therefore, attempting to
prepare cell-free enzymes from S. aureus and E. coli in order to
determine the réle played by the cell membranes in the results shown
above,
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Strains of pneumococci, gonococci, E. coli and S. aureus have been
rendered resistant iz vitro to the bacteriostatic action of sulfonamide
drugs.”® Rammelkamp” has also observed that . aureus may become
“fast’ to tyrothricin, both in vitro and in vivo. The present report
is concerned with the in vitro and in zizo production of sulfonamide
resistant strains of staphylococci.

The in vitro observations were made with 2 strains of S. aureus
isolated from patients with severe staphylococcal infections. A chem-
ically-defined medium as described by Gladstone was used through-
out.® These strains were made resistant by exposure to increasing
concentrations of sodium sulfathiazole in this medium. Initial
growth was established with a minute inoculum from an agar slant.
Subsequent transfers of the cultures in the synthetic medium were
made with a 5 mm wire loop. The two strains showed an initial
difference in susceptibility to the action of sulfathiazole. Strain 14
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grew readily for several generations in the presence of 0.25 mg per
100 ml of sulfathiazole, but strain 7 was unable to institute growth
in this concentration after the second transfer. It was necessary to
start strain 7 in 0.1 mg per 100 ml. Control observations were car-
ried out with the parent strains transferred an equal number of times
in a drug-free medium.

The degree of growth was estimated regularly by measuring the
density of the culture in the Evelyn photoelectric colorimeter, as
previously described.” The development of drug resistance was
determined by seeding approximately 1,000 organisms per ml to
tubes of medium containing varying concentrations of sulfanilamide,
sulfapyridine, sulfadiazine, and sulfathiazole. Drug resistance was
determined by a comparison of growth at the end of 24 and 70 hours
of the parent strain and the ‘“fast” strain in the presence of the fore-
going drugs.

After 130 transfers in increasing concentrations of sodium sulfa-
thiazole, that is, up to 10 mg per 100 ml, strain 14 grew readily in the
presence of 200 mg per 100 ml of sodium sulfapyridine, 100 mg
per ml of sodium sulfadiazine, and 50 mg per 100 ml of sodium
sulfathiazole. Strain 7 was transferred an equal number of times
in increasing concentrations of sodium sulfathiazole up to 5 mg per
100 ml.  After this, maximum growth took place in the presence of
200 mg per 100 ml of sodium sulfapyridine, 75 mg per 100 ml of
sodium sulfadiazine, and 40 mg per 100 ml of sodium sulfathiazole.
Studies are now in progress to determine whether the biologic ac-
tivity of the “fast” strains differs from the parent strains.

To investigate the i vivo development of resistance to sulfonamide
action, cultures were made from two patients with staphylococcal
bacteremia before and after they had received sulfathiazole. Drug
resistance was determined as described for the in vitro “fast” strains.

Two strains were secured from a patient having a maximum of
260 colonies per ml of blood, and complicated by the appearance of
a retrobulbar abscess.! The patient recovered completely. Strain
116a was isolated from the blood stream at the onset of the illness.
The patient was then treated with sulfathiazole, parenterally and
orally. Subsequent blood cultures remained sterile, but the localized
lesion was treated by daily irrigation with sulfathiazole solution.
Strain 116b was cultured from this lesion 11 weeks after isolation of
116a. Strains 117a and 117b were obtained from the blood of a
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TABLE T.
In Iivo Developuent of Sulfonamide-Resistant S. aureus.

Concentration of drug in mg per 100 ml

~
Sulfathiazole Sulfadiazine Sulfapyridine
Ineubation —_— —
Strain hr 10 it 2 1 10 o 2 1 10 5 2
116a 24 0 0 0 0 0 0 0 0 0 0 0 0
N 0 n (1 0 0 0 0 4++ 0 0 + 4+
116b 24 o0+ 4+ 4+ S+ +
o I i e o e i e o o o i
117a 21 0 [t} W 0 0 0 0 0 0 0 0 -
o 0000 0 0 4+ ++ 0 0 4+
117k 24 noo0 4+ 44+ 4+ ++ ++ ++ + A+
m e o s Al sl o S o
1 = Isolated before sulfathinzole therapy.
b = Isolated after sultathinzole therapy.
-+ = Initial growth.
++4 = Maximum growth.

second patient having a maximum of 500 colonies per ml of blood.
This patient expired. Strain 117h was isolated after 8 days of
sulfathiazole therapy, and 3 davs prior to death. While under treat-
ment. the suifathiazole concentration in the blood was 15 mg per
100 ml.

The results of the tests for drug resistance are recorded in Table L.
Both strains hecame markedly resistant to the action of the sulfona-
mide compounds.

To our knowledge, these observations constitute the first recorded
instance of staphylococei hecoming resistant to the bacteriostatic
action of the sulfonamides in the human body. It is not unlikely
that further studies under way may reveal similar cases, and this
phenomenon may explain, in part, the failure of sulfathiazole to clear
the blood stream of organisms. It is significant that in the case of
the patient who expired, coincident with the development of a “fast”
strain of staphylococcus. there was a marked increase in the number
of colonies in the blood. This “fastness” was detected after only 8
days of therapy.



