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A feature of sulfonamide therapy for bacterial
infections is that species of bacteria differ in
their resistance to the antibacterial action of the
compounds. It is also recognized that strains of
microorganisms within the same species display
variations in susceptibility. A disconcerting
and confusing factor associated with chemo-
therapy, which appears to be assuming increasing
clinical significance, is the ease and frequency
with which some species of bacteria may develop
in vtro and in vivo resistance to the bacteriostatic
action of the sulfonamides. In the literature, the
term "sulfonamide-fast" has been applied to
those strains which become resistant to the
antibacterial action of the compounds. This is
particularly applicable to studies involving
species of bacteria whose progenitors were known
to be sensitive to the sulfonamides. Because the
development of resistance is a relative phenome-
non, and because, under proper experimental
conditions, the growth of even the most resistant
strains of bacteria may be inhibited by the drugs,
the term "sulfonamide-resistant" is believed to
be a more accurate description.

The purpose of this report is to review briefly
the problem of sulfonamide-resistant bacteria in
general, and to record the results of investiga-
tions with several strains of staphylococcus
isolated from patients. An attempt has been
made to answer the following questions: If a
standard in vitro test is used for quantitating
the inhibitory effect of the sulfonamides upon
the growth of staphylococci, do strains of this
species vary in their susceptibility to the anti-
staphylococcic action of the compounds? Is
there any correlation between the isolation of
sulfonamide-resistant strains of staphylococci
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from patients and previous sulfonamide therapy
carried out in these patients? Is the develop-
ment of strain resistance a permanent charac-
teristic of the bacteria?

Several species of bacteria have been rendered
resistant to the in vitro and in vivo action of the
sulfonamides. Many of the investigations have
been carried out with different strains of the
pneumococcus (1 to 5). Sesler and Schmidt (6)
observed the development of sulfonamide-re-
sistant pneumococci, and concluded that strains
vary in developing this sulfonamide-resistance;
that a given strain develops resistance to the
several sulfonamides at different rates; that the
more susceptible a parent strain is to the action
of a sulfonamide, the more difficult it is to develop
resistance; and that strains which become re-
sistant to one sulfonamide, are resistant to all
the other compounds tested. There is evidence
that the development of sulfonamide-resistant
pneumococci is more than a temporary phe-
nomenon (7 to 9). On the other hand, sulfona-
mide-resistant pneumococci are sensitive to the
action of specific antipneumococcus serum.
Hemolytic streptococci, particularly Lancefield
group A strains, are usually quite susceptible to
the action of sulfanilamide, and yet strains in
this group may acquire in vitro and in vivo re-
sistance to the drug (10, 11). While staphy-
lococci as a species are more refractory to the
bacteriostatic effect of all of the sulfonamides
than are pneumococci and hemolytic streptococci,
it has been demonstrated that strains of staphy-
lococci may develop an increased resistance to
the compounds (12, 13). Gram-negative species
of bacteria, whose growth is usually inhibited
in vitro by the sulfonamides, have been shown
to develop sulfonamide-resistance. These in-
clude E. coli (14, 15), B. abortus (16), meningo-
cocci (17), and Shigella paradysentariae (strains
of Flexner and Sonne) (18). Strains of gono-
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cocci, a species which is highly susceptible to the
bacteriostatic action of the sulfonamides, have
been made resistant to sulfanilamide and sulfa-
pyridine (19, 20). Carpenter and his associates
(21) could not develop an increased tolerance of
10 strains of gonococci to sulfathiazole over a

period of 3 months. Nevertheless, this has been
accomplished by Kirby (22).

If invasive strains of microorganisms develop
resistance to the sulfonamides both in vitro and
in experimental animals, the question immedi-
ately arises as to whether such a phenomenon
may transpire in human subjects while they are

being treated with one of the sulfonamides, and
whether the development of sulfonamide-re-
sistant strains will affect the ultimate recovery

of the patient. While caution must be exercised
in transposing quantitatively in vitro data or the
results of animal protection tests with the sul-
fonamides to the problem of chemotherapy in
human subjects, these data are often quite
helpful in directing the clinical application of the
drugs. Several investigators have confirmed
the observation that specific types of pneu-

mococci isolated from patients have shown an

initial sensitivity to a sulfonamide, but as

chemotherapy proceeded, subsequent isolation of
the same type of pneumococcus revealed the
development of sulfonamide-resistance (8, 23 to
28). In some instances, coincident with the
detection of sulfonamide-resistant pneumococci,
the patients' condition became worse or they
failed to respond as anticipated. Similar ob-
servations have been made with other species of
bacteria. Francis (29) encountered a group of
13 individuals on a plastic surgery ward whose
lesions were infected by a group A, type 12,
strain of beta hemolytic streptococcus, and the
local application of sulfanilamide was without
effect. In vitro tests showed the organisms to
be resistant to sulfanilamide, although other
strains of this type had been shown to be quite
sensitive. It is of interest that the local appli-
cation of gramicidin in one case eradicated the
infection. Strains of Brucella abortus, sensitive
to the in vitro action of sulfanilamide, have been
made sulfanilamide-resistant by repeated ex-

posure of the organism to the drug. Green (30)
reported that 2 individuals in a laboratory
became infected with these sulfanilamide-resist-

ant strains. The patients finally recovered,
although a strain isolated from the blood of one
of the victims was still resistant to sulfanilamide.
It was observed by Cohn and his associates (31),
in gonorrheal patients who did not respond
favorably to therapy with sulfathiazole, that
strains of gonococci from these individuals fre-
quently showed in vitro evidence of resistance to
sulfathiazole. Similar observations have been
recorded by Petro (32). Strains of staphylococci
have been shown to develop sulfonamide-resist-
ance in patients undergoing therapy with one of
the sulfonamides (13).

As a species, the staphylococcus is generally
more resistant to the sulfonamides than are
several other species of pyogenic bacteria.
However, several experimental and clinical
studies, carried out at the University of Minne-
sota Hospitals, have revealed that the sulfon-
amides are effective antistaphylococcic agents
(13, 33 to 37). As a result of these investiga-
tions, sulfathiazole has been accepted at the
University Hospitals as the most effective of the
available sulfonamides in the therapy of staphy-
lococcic sepsis, but this still leaves much to be
desired. While the failure of patients with
staphylococcic infections to respond to therapy
with sulfathiazole is dependent upon several
factors, the apparent increasing incidence of
patients having infections due to staphylococci
which are highly resistant in vitro to sulfathiazole
merits further inquiry.

MATERIALS AND METHODSOF STUDY

Investigations have been carried out with a total of 57
strains of staphylococci, obtained from an equal number of
patients who had various types of staphylococcic infec-
tions. Isolation of the parent strains was made in brain
broth or on veal agar-blood plates. The strains were then
grown on slants of veal agar, having a pH of 7.8, and kept
in the refrigerator until ready for transfer to a synthetic
medium. Only those strains were selected for study which
gave a positive coagulase test. This test provides the
most simple procedure for identifying pathogenic strains
of staphylococci (39). Sodium sulfathiazole was selected
for testing the resistance of the microorganisms. Com-
parative observations with sulfanilamide, sodium sulfa-
pyridine, sodium sulfadiazine, and sodium sulfathiazole
revealed that staphylococci were inhibited in their growth
to a greater degree by sodium sulfathiazole than by the
other sulfonamides. Furthermore, strains that were
resistant to sodium sulfathiazole were more resistant to the
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aforementioned compounds. A water-clear medium of
known chemical constituents, buffered to give a pH of 7.4,
was employed in testing the staphylococci for their re-
sistance to sodium sulfathiazole (40). The preparation of
this medium will be described below. As far as is known,
this medium has a neglible amount of sulfonamide inhibi-
tor. A standard in vitro test for sulfathiazole-resistance
was used throughout. Strains to be tested were grown for
several generations in the synthetic medium. As will be
pointed out, variable results will be obtained if the initial
inoculum of bacteria is not standardized. In performing
the test, 10-fold dilutions of a 24-hour bacterial suspension
were made in the synthetic medium. Then 0.1 cc. of the
10-8 dilution was added to each of several test tubes con-
taining the synthetic medium. The approximate number
of cocci seeded to each tube was determined by making du-
plicate agar pour plates with 0.1 cc. of the 10-7 dilution. A
freshly prepared, aqueous solution of sodium sulfathiazole
was used. Each strain was tested against varying concen-
trations of the compound. This was done by starting
with an initial concentration of 1 mgm. per 100 cc. and
then increasing the concentration of the drug in each of a
series of tubes until a maximum concentration of 360 mgm.
was reached. The final total volume of each tube was
10 cc. The bacterial suspensions, with and without added
sodium sulfathiazole, were incubated for 24 hours at 370 C.
At the end of this period, the degree of bacterial growth
was determined according to the turbidity of the contents
in each tube. Sulfathiazole-resistance was quantitated by
selecting the tube which showed complete inhibition of
bacterial growth with the lowest concentration of sodium
sulfathiazole.

In a few instances, cultures of staphylococci were isolated
from patients before they had been given a sulfonamide.
In the remaining cases, this was not possible because
chemotherapy had been instituted before the patients were
seen.

INGREDIENTS AND PREPARATIONOF

SYNTHETIC MEDIUM

For the preparation of 50 liters of synthetic medium, the
following weighed ingredients are mixed together in a
large mortar. The mixture may then be stored in a clean
container in the refrigerator until ready for further use.

KH2PO4
MgSO4-7H20
FeSO4(NH2) 2SO4*6H20
NaNOs
Glucose
Cystine
dl methionine
1 tryptophane
dl valine
dl leucine
1 aspartic acid
dl alanine
d glutamic acid
dl iso-leucine

225.0 grams

2.05 grams

1.25 grams

8.5 grams
112.5 grams

1.2 grams

1.5 grams

0.51 grams

7.5 grams

7.5 grams

5.0 grams
5.0 grams

5.0 grams

5.0 grams

dl B phenylalanine 5.0 grams
dl lysine.2 HCI 5.0 grams
glycine 2.5 grams
1 proline 2.5 grams
1 hydroxy-proline 2.5 grams
1 tyrosine 2.5 grams
d arginine- HCI 2.5 grams
1 histidine HCl 2.5 grams

To prepare a liter of medium, 8.2 grams of the above
mixture are placed in a volumetric flask of 1 L. capacity.
Twenty-six cc. of IN NaOHare then added and 0.0337
mgm. of thiamin chloride. This quantity of thiamin
chloride may be conveniently added by making up a
standard solution in distilled water in which there are 10
mgm. of thiamin chloride per cc. A dilution of 1 to 296.7
is made with this standard solution, and then 1 cc. of this
dilution added to the volumetric flask. Ten cc. of a
M/1,000 solution of nicotinic acid are added, and then
enough distilled water to bring the total volume up to 1 L.
After thorough mixing in the flask, the pH of the solution
is adjusted to 7.4. The solution is sterilized by passing
it through a fine Berkefeld candle (size W) and collecting it
in a sterile flask having a capacity of 2 L. The medium is
then tested for sterility.

RESULTS

Standard in vitro test for detecting
sulfonamide-resistance

After many in vitro tests for sulfonamide-
resistance had been carried out, it became quite
obvious that variable results would be obtained
if the number of cocci inoculated into the test
medium was not controlled. Furthermore, in
no instance was a completely resistant strain of
staphylococcus encountered. The resistance of
staphylococci to the antibacterial action of the
sulfonamides is relative, and the degree of re-
sistance is directly related to the size of the inocu-
lum. No matter how resistant a strain was, sod-
ium sulfathiazole inhibited growth when higher
concentrations of the compound were employed.
The effect of the size of the inoculum upon growth
inhibition by sodium sulfathiazole is shown in
Table I. The strains of staphylococcus cited in
Table I were considered to be sensitive to the
action of sodium sulfathiazole. The results with
2 sulfonamide-resistant strains are presented in
Table II. On the basis of many similar ob-
servations, the standard inoculum selected for
use in all the comparative studies was 0.1 cc. of
a 10-3 dilution of a 24-hour culture. The
number of organisms in such an inoculum varied
between 40,000 and 180,000 colonies.
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TABLE I

Influence of sise of inoculum of staphylococci upon inhibition of growth by sodium sulfathiazol
Incubation for 24 hours at 370 C.

Concentration of sodium sulfathiazole
Strain

Size of inoculum
I 5 10 20 40 60 80 100

mgm. Per 100 cc.
0.1 cc. 10-4dilution 0 0 0 0 0 0 0 0

39 0.1 cc. 10-3dilution + + 0 0 0 0 0 0
0.1 cc. 10 dilution + + + + + + + + +
0.1 cc. 10-1 dilution ++++ ++++ +++ +++ +++ ++ ++ ++

0.1 cc. 10-dilution + + 0 0 0 0 0 0
33 0.1 cc. 10-1 dilution ++++ ++ 0 0 0 0 0 0

0.1 cc. 10- dilution ++++ ++++ +++ ++ + 0 0 0
0.1 cc. 10-1 dilution ++++ +++ +++ +++ +++ +++ +++ ++

0.1 cc. 10-4 dilution 0 0 0 0 0 0 0 0
1 0.1 cc. 1-0 dilution 0 0 0 0 0 0 0 0

0.1 cc. 10- dilution + 0 0 0 0 0 0 0
0.1 cc. 10-1 dilution +++ ++ ++ ++ ++ + 0 0

0.1 cc. 10-4 dilution 0 0 0 0 0 0 0 0
2 0.1 cc. 10-3 dilution 0 0 0 0 0 0 0 0

0.1 cc. 10- dilution 0 0 0 0 0 0 0 0
0.1 cc. 10-1 dilution ++++ +++ ++ ++ ++ ++ + +

0.1 cc. 104 dilution 0 0 0 0 0 0 0 0
35 0.1 cc. 10-3 dilution 0 0 0 0 0 0 0 0

0.1 cc. 10- dilution 0 0 0 0 0 0 0 0
0.1 cc. 10-1 dilution ++++ ++ ++ ++ ++ ++ + +

0= No growth.
+ ++ + Maximum growth.

TABLE II

Influence of sie of inoculum of sulfonamide-resistant staphylococci upon inhition of growth by sodium sidfathiale
Incubation for 24 hours at 370 C.

Concentration of sodium sulfathiazole

Snumbe Size of inoculum
Size of 100 j 140 180 220 260 300 340

mgm. per 100 cc.
0.1 cc. 10-4dilution ++++ +++-+ 0 0 0 0 0

42 0.1 cc. 10-' dilution ++++ ++++ ++ 0 0 0 0
0.1 cc. 102dilution ++++ +++ +++ ++ 0 0 0
0.lcc. l0 Idilution ++++ ++++ +++ +++ +++ +++ ++

0.1 cc. 10' dilution ++++ ++++ ++ ++ 0 0 0
41 0.1 cc. 10-' dilution ++++ ++++ ++++ ++ + 0 0

0.l cc. 10- dilution ++++ ++++ ++++ ++++ +++ +++ ++

0 = No growth.
+ + ++ = Maximum growth.

Correlion between strains of staphylococci sensi- Table III. These strains were considered to be
tive to sodium sulfathiazole in vitro and the the most sensitive to the antibacterial action of

results of sulfonamide therapy sodium sulfathiazole. It will be noted that 9 of
Data for 32 strains of staphylococci, whose 32 patients from whomthe strains were isolated

in vitro growth was inhibited by less than 1 mgm. received one or more of the sulfonamides prior
per 100 cc. of sodium sulfathiazole, are given in to the time when the culture of staphyloccus
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TABLE III

Summary of non-resistknt strains of staphylococcus
Growth inhibited by less than 1 mgm. per 100 cc. of sodium sulfathiazole

ant ad Type oflesionA Sulfonamide therapy prior to Commentsttrain aneProflstio isolation of strain
number SCX ~~1~

Bacteremia, Prostatitis, Thrombo-
phlebitis

Osteomyelitis,. left femur
Impetigo, Acute hemorrhagic ne-

phritis
Diabetes mellitus, Bacteremia,

Osteo. rt. foot

37 M. Tbc. rt. wrist

Osteo. rt. femur

Subacute bacterial endocarditis

Cellulitis
Bacteremia, Osteo. left femur
Bacteremia, Osteo., Pneumonia,

Empyema
Chronic osteo. with exacerbation

and bacteremia
Bacteremia, Thrombophlebitis,

Meningitis
Chronic osteo.
Chronic osteo.

Chronic osteo.

Chronic osteo., Perinephritic ab-
scess, Empyema

Ca bladder
Chronic osteo. left femur and

humerus

Bacteremia, Osteo., Pericarditis,
Empyema

Osteo., Pericarditis, Empyema

Bacteremia, Osteo., Pneumonia

Tbc. adenitis
Reticulo-endotheliosis, Abscess of

neck
Bacteremia, Pneumonia, Osteo. of

mandible, Abscess of neck

Abscess rt. thigh
Hydrocephalus, Meningitis

Bacteremia, Chronic osteo., Pul-
monary abscesses, Meningitis

Left pyelonephritis and hydrone-
phrosis

Diabetes mellitus, Bacteremia
Actinomycosis liver and perito-

neum
Bacteremia, Osteo.

Bacteremia, Osteo.

13 grams sod. sulfathiazole i.v.
in 3 days.

42 grams sulfathiazole, 11 days.
None

34 grams sulfadiazine in 9 days.
33 grams sulfathiazole in 8
days. Sulfathiazole locally
to osteo.

Sulfathiazole locally for 2
months and 4 grams daily
orally for 1 month. No drug
for 2 months prior to obtain-
ing culture.

Large amounts sulfathiazole
and sulfadiazine for 3 months.

None

None
None
Sulfanilamide, amount not

known.
None

Sulfapyridine and sulfathiazole,
amounts not known.

None
None

None

None

None
Large amounts sulfapyridine

and sulfathiazole, none for 6
months prior to isolating
culture.

None

Sulfadiazine for 9 days, amount
not known.

None

None
None

None

None
None

None

None

None
None

None

None

Died. Some improvement follow-
ing penicillin.

No improvement
Died

Recovery. Bacteremia persisted
with sulfonamide therapy. Blood
sterile after penicillin. Amputa-
tion rt. leg.

No improvement from chemother-
apy. Surgery, rt. wrist.

No improvement

Died. Temporary improvement
from sulfapyridine.

Died. Strain produced lethal toxin.
Recovery. No chemotherapy.
Died

Recovery. Improvement from sul-
fanilamide and sulfapyridine.

Died

Improvement following surgery.
Improvement following surgery and

sulfapyridine.
Improvement following surgery.

Questionable value of sulfonamide
therapy.

Recovery following surgery.

No change
Improvement

Recovery following penicillin
therapy.

Recovery following penicillin
therapy.

Recovery following penicillin
therapy.

Improvement
Died

Recovery following surgical drain-
age. Also received sulfanilamide
and staphylococcus antitoxin.

Recovery
Recovery. Received sulfanilamide

Died

Recovery following surgery.

Died
Died

Recovery. Received sulfanilamide
and sulfapyridine.

Died

78 M.

43 F.
3 M.

51 M.

1

2
3

4

5

6

7

8
9

10

11

12

13
14

15

16

17
18

19

20

21

22
23

24

25
26

27

28

29
30

31

32

43 M.

25 F.

23 F.
16 M.
20 M.

39 F.

14 M.

7 M.
13 F.

40 M.

36 M.

84 M.
4 M.

7 F.

9 F.

13 F.

74 M.
23 M.

26 M.

19 M.
16mo.

M.
14 F.

32 F.

68 M.
22 M.

12 M.

26 M.
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was isolated from the patient. In 2 of 10
patients, a sulfonamide had not been taken for
several months before isolating the strain of
staphylococcus (Patients 6 and 19). In most
instances, treatment with the sulfonamides was
instituted by physicians before the patients
entered the University Hospitals. This and
other circumstances did not permit us to deter-
mine the precise amount of sulfonamide that had
been administered.

Since the strains of staphylococcus isolated
from the patients in this series were sensitive to
the in vitro action of sodium sulfathiazole, the
next step was to analyze the effect of sulfona-
mide therapy upon the clinical course of these
patients. Sulfonamides were administered to
10 patients after the test cultures were isolated.
Patient 7 had subacute bacterial endocarditis.
She was given sulfapyridine over a prolonged
period of time which was associated with tem-
porary improvement, but her clinical course
ended in death. Patient 11 had a chronic osteo-
myelitis with an acute exacerbation and staphy-
loccic bacteremia. Following the administra-
tion of sulfapyridine, the blood stream became
sterile and the patient improved. Chemo-
therapy had little effect upon the local lesion.
Surgical drainage of an osteomyelitic lesion was
combined with sulfapyridine in Patient 14,
which was followed by improvement. This also
applies to Patient 15. In both cases, it was
difficult to assay the benefit of treatment with
sulfapyridine. Treatment with sulfanilamide
was without effect in Patient 24. Patient 26
was a small infant with staphylococcic menin-
gitis and coincident with the use of sulfanilamide,
the child recovered. Patient 31 received sulfa-
pyridine for the treatment of acute osteomyelitis
and bacteremia. Chemotherapy appeared to be
definitely effective in this patient. Penicillin
was given to 3 patients (Patients 1, 4, and 20),
after either sulfathiazole or sulfadiazine had
failed to control the infections.2 Of the 9
patients (Patients 1, 2, 4, 5, 6, 10, 12, 18, and 20)
who received one or more of the sulfonamides
prior to isolation of the test culture, only one

2 The penicillin used for experimental and clinical
purposes was obtained through the Committee of Chemo-
therapeutic and Other Agents of the National Research
Council.

(Patient 18) appeared to benefit from such
therapy.

In summary then, although a group of patients
had infections due to a strain of staphylococcus
which was sensitive in vitro to sulfathiazole, and
to a less extent to some of the other sulfonamides,
no consistent and outstanding therapeutic re-
sults were obtained in 13 of 32 patients who were
given one of the sulfonamides.

Attention is called to the fact that several of
the strains listed in Table III were isolated from
patients before it had been established at the
University Hospitals that sulfonamide therapy
might be of definite value in selected cases of
staphylococcic sepsis. Cultures of many of
these strains had been maintained on veal-agar
slants under oil for several months before their
in vitro susceptibility to sodium sulfathiazole was
tested. It might be postulated that some of the
parent cultures of these strains may have been
sulfonamide-resistant, but during the course of
many subcultures, this resistance became lost.
Evidence will be presented to show that the
acquisition of sulfonamide-resistance by sta-
phylococci is more or less a permanent charac-
teristic, and that this resistance does not disap-
pear or diminish following many subcultures.

Correlation between strains of staphylococci moder-
ately resistant to sodium sulfathiazole in vitro

and the results of sulfonamide therapy
A second series of 8 strains of staphylococcus

were tested in vitro and all were found to be
more resistant to sodium sulfathiazole. The
results with this group are presented in Table IV.
These strains required more than 1 mgm. per
100 cc. of sodium sulfathiazole and a concentra-
tion of less than 100 mgm. before growth was
inhibited. In all but 3 cases (Patients 33, 37,
and 40), a sulfonamide had been administered
prior to isolation of the test strain. There is the
possibility that Patients 37 and 40 received a
sulfonamide before they were seen at the Univer-
sity Hospitals, but definite evidence is lacking.

In 2 of the patients (Patients 33 and 36), a
culture of staphylococcus was isolated before
chemotherapy, and then after a sulfonamide had
been given. Patient 33 had a severe staphylo-
coccic bacteremia associated with a thrombo-
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TABLE IV

Summtary of resistant strains of staphylococcus
Growth inhibited by less than 100 mgm. per 100 cc. sodium sulfathiazole

Patient Mgm. per 100
and Age Sulfonamide therapy ccfsuoatiuml omet

strain and Type leion prior to isolation |ithicole Comments
num- sem of strain with com lete

inhibition

33 59 F. Bacteremia, Thrombophle- None 10 Died. Received 52 grams
bitis sulfathiazole in 8 days.

34 12 F. Bacteremia, Cellulitis, Osteo. 174.5 grams sulfathiazole over 20 Marked improvement.
2-year period. Also sulfa-
nilamide.

35 32 F. Pneumonia, Empyema, Sulfonamide in largeamounts. 20 Marked improvement.
Osteo. of ribs Quantity not known. Osteo. persistent after

chemotherapy.
36 46 M. Bacteremia, Retrobulbar 195.75 grams sulfathiazole 5 Complete recovery.

abscess, Osteo. orally and parenterally. 78
grams sulfadiazine orally.
Sulfathiazole locally.

37 64 F. Urethritis and urethral car- None 5 Improvement after opera-
buncle tion.

38 57 M. Ca prostate with cystitis 21 grams sulfathiazole. 80 Died following operation.
39 32 F. Bacteremia, Carbuncle, Large amounts of sulfathiazole 10 Marked improvement follow-

Osteo. of spine, tibia, for several weeks. Quantity ing sulfonamide therapy.
fibula, and rt. femur not known. No evidence of active in-

fection after penicillin.
40 78 M. Ca prostate and bladder None 20 Receiving stilbesterol.

phlebitis. Prior to treatment with sulfathiazole,
the growth of a strain of staphylococcus isolated
from her blood was completely inhibited by less
than 1 mgm. of sodium sulfathiazole.. There
were 100 colonies of staphylococci per cc. in her
blood when therapy with sulfathiazole was insti-
tuted. After receiving 52 grams of sulfathiazole
in 8 days, she appeared moribund. The colony
count of a blood culture was 473, and a strain
of staphylococcus isolated from her blood re-
quired 10 mgm. of sodium sulfathiazole before
growth was inhibited. The concentration of
free sulfathiazole in her blood at this time was
15 mgm. per 100 cc. While care must be taken
in transposing in vitro observations of this nature
to clinical phenomena, it is not unlikely that the
increase in in vitro resistance may have been
associated in part with a fatal outcome. Similar
observations were made with cultures obtained
from Patient 36. This individual recovered
after a very serious infection, and there is no
doubt that the intensive use of sulfathiazole
played a r8le in his favorable outcome. At one
time, during the course of treatment, a blood
culture revealed a colony count of 264 organisms
per cc. In spite of the use of large amounts of
sulfathiazole, the causative organism apparently
developed only a minimal degree of resistance.

The results of therapy with sulfathiazole in
the group of cases presented in Table IV were
more satisfactory than had been obtained with
sulfapyridine. This was to be anticipated, in
part, following comparative in vitro tests with
the 2 compounds when it was shown that sulfa-
thiazole was superior to sulfapyridine in inhibit-
ing growth of the staphylococcus.

Correlation between strains of staphylococci highly
resistant to sodium sulfathiazole in vitro and

the results of sulfonamide therapy
Table V presents a summary of 17 strains of

staphylococci which are considered highly re-
sistant to the sulfonamides. A concentration of
at least 100 mgm. per 100 cc. of sodium sulfa-
thiazole was necessary before growth was com-
pletely inhibited. All of the patients except one
(Patient 54) received sulfonamide therapy prior
to isolation of the test strain. In this one pa-
tient, there remains a possibility that sulfona-
mide treatment had been carried out before he
was admitted to the hospital. An important
and interesting aspect of this group of sulfon-
amide-resistant strains is that 14 of the 17
strains were isolated from the urine of patients
having urinary tract infections. In 12 of the 14
patients with infection of the urinary tract, there
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TABLE V

Summary of resistant strains of staphylococcus
Growth inhibited by 100 mgm. per 100 cc. or more of sodium sulfathiazole

Patient Mgm. per 100
and Age Sulfonamide therapy cc. of sodium

strain and Type of lesion prior to isolation sut atiazole Comments
num- sex of strain giohbt

~~~~~~~~I ~~~~~~~~~~~~~~~inhibition
Ulcerative colitis, Chr

pyoderma
Bacteremia, Osteo.

Bacteremia, Cellulitis, I
tatic obstruction

Encysted cystitis, Prosi
obstruction with cysti

Prostatic obstruction
cystitis

Rt. ureter obstructed,
lonephritis

Prostatic obstruction
cystitis. Suprapubic
tostomy

Rt. renal calculi and
scesses

Prostatic obstruction
acute pyelonephritis

Bilateral renal calculi
left hydronephrosis

Chronic pyelonephritis
with left tubo-ovariar
scess

Purulent bronchiolitis
liver abscesses

Prostatic obstruction
cystitis

Ca bladder, Bilateral
lonephritis

Prostatic obstruction
cystitis

Prostatic obstruction
cystitis

Bilateral polycystic kid
with uremia

with

126 grams sulfathiazole orally,
sulfathiazole locally.

326 grams sulfathiazole orally
over 2 years, 46 grams
sulfapyridine, sulfathiazole
locally.

Large amounts sulfonamide,
quantity unknown.

15 grams sulfadiazine. Con-
tinuous bladder irrigation
with 0.8 per cent sulfa-
nilamide solution, 5 days.

Sulfonamides at intervals
for several months. 6.5
grams sulfathiazole.

Sulfonamides intermittently,
amount not known.

Sulfathiazole orally, amount
not known. Sulfathiazole
locally.

38 grams sulfathiazole. 29
grams sulfadiazine.

51 grams sod. sulfathiazole
i.v.

Unknown amounts sulfona-
mide.

29 grams sulfadiazine.

21 grams sulfadiazine. 9
grams sulfamerazine.

Continuous bladder irrigation
with 0.8 per cent sulfanila-
mide solution. 5.5 grams
sulfathiazole.

None

39.5 grams sulfathiazole.

112 grams sulfadiazine.

17 grams sulfathiazole.

250

200

100

100

200

180

200

180

200

200

200

160

200

160

180

200

200

Died. Only temporary im-
provement of skin lesions.

Marked impfovement. Re-
sidual active osteo.

Died. No improvement.

Improvement following op-
eration. Resistant staph.
from urine 5 times.

Improvement following op-
eration. Resistant staph.
persisted in urine after
operation.

Improvement following op-
eration.

Improvement following op-
eration.

Improvement following ne-
phrectomy.

Died. Bacteremia due to
gammastrept.

Improvement following sur-
gery.

Improvement following ne-
phrectomy.

Died

Died. Acute cardiac failure.

Died. Cardiac failure after
operation.

Improvement following op-
eration.

Improvement following op-
eration.

Died. Resistant staph. in
urine 3 times.

was definite evidence of some degree of obstruc-
tion to the free flow of urine. It is well recog-

nized that the efficiency of the sulfonamides is
reduced in the treatment of urinary tract disease
when a free flow of urine is interrupted. This
means that in the latter group of patients, sta-
phylococci were being constantly exposed to
relatively high concentrations of one or more of
the sulfonamides. It is not unlikely that under
these circumstances the organisms become in-
creasingly resistant to the compounds. Another
significant feature is that this group of resistant

strains, isolated from urine, were obtained over

a short period of time. In 2 instances (Patients
44 and 45), sulfonamide-resistant staphylococci
persisted in the urine after the obstruction had
been corrected by surgical interference. Un-
fortunately, we were unable to obtain strains of
staphylococci from any of the patients given in
Table V before the administration of a sulfon-
amide. Several of these highly resistant strains
have been investigated concerning the mecha-
nism whereby they become resistant to the sul-
fonamides. This will be discussed. A definite

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

13 F.

15 F.

72 M.

74 M.

72 M.

28 F.

66 M.

65 M.

74 M.

45 M.

38 F.

4 F.

80 M.

75 F.

86 M.

60 M.

50 M.
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relationship was found to exist between the
therapeutic response to a sulfonamide and the
presence of sulfonamide-resistant staphylococci.
In the cases of urinary tract obstruction, definite
clinical improvement occurred only after the ob-
struction had been eliminated. The most re-
sistant strain of staphylococcus that we have
encountered was isolated from Patient 41, who
had an extensive infection of the skin. She had
received large amounts of sulfathiazole orally,
and sulfathiazole ointment had been applied
locally. There was only temporary improve-
ment in her skin lesions and she died because of
a chronic ulcerative colitis.

Summary of relationship between in vitro suscepti-
bility of staphylococci to sodium sulfathia-

zsol and sulfonamide therapy prior
to isolation of the strains

A summary of this relationship is given in
Table VI. Group I comprises all the strains
sensitive to the action of sodium sulfathiazole.
Of the 32 patients from whom these strains were
obtained, only 9 had received a sulfonamide

TABLE VI

Summary of relationship between the in vitro susceptility
of staphylococci for sodium sulfathiazole and sulfon-

amide therapy prior to isolation of the strains

Number of

Nu. patients
of sulfonmide Comment
sris pior tostrains isolation of

staphylococci

Group I strains- 32 9
sensitive to sodium
sulfathiazole.

Group II strains- 8 5 Possibly 2 additional
moderately resistant to patients received
sodium sulfathiazole. sulfonamide.

Group III strains- 17 16 Possibly seventeenth
highly resistant to patient received
sodium sulfathiazole. sulfonamide.

prior to isolation of the strains. There were 8
strains in Group II, and these strains were

moderately resistant. Five, and possibly 7, of
the 8 patients had been given a sulfonamide
before the staphylococci were recovered from
their lesions. There were 17 strains in Group
III, all of which were highly resistant to sodium
sulfathiazole. Sixteen of the 17 patients from
whom these strains were isolated had had sul-
fonamide therapy prior to the isolation of the
organisms. There is some evidence that the

seventeenth patient had been given a sulfona-
mide. Although it cannot be concluded that the
resistance of staphylococci to the inhibitory
action of sodium sulfathiazole is due to previous
sulfonamide therapy, it is obvious that the
majority of the resistant strains were isolated
from patients who had been given a sulfonamide.

Acquired sulfonamide-resistance a
persistent characteristic

All of the resistant strains of staphylococci
included in this report have been subcultured
numerous times on veal agar slants, and in
synthetic medium, and in no instance did a
strain lose its ability to resist the action of the
sulfonamides. This relatively permanent feature
of sulfonamide-resistance is emphasized by
results obtained with strains 41 and 42. As
noted in Table V, these 2 strains of staphylococci
were quite resistant to sodium sulfathiazole.
Each of these strains was subcultured on veal
agar and in synthetic medium for 75 generations.
Comparative in vitro tests revealed that the
seventy-fifth generations possessed the same
degree of resistance as the parent strains. Both
strains remained coagulase-positive. Strains 41
and 42 were each grown on veal agar slants, and
then the cultures were covered with oil and
stored in a refrigerator for 114 days. At the end
of this time, the 2 strains were grown for several
generations in synthetic medium and their in
vitro resistance to -sodium sulfathiazole tested.
There was no diminution in the resistance of the
organisms to the inhibitory effect of the sulfon-
amide.

DISCUSSION

The foregoing data represent the results of
observations that have been made during the
past 2 years. It became apparent early in the
course of these studies that the mechanism
whereby staphylococci developed resistance to
the sulfonamides required elucidation. This
effort was stimulated by the investigations of
MacLeod (41) who showed that a Type I strain
of sulfapyridine-resistant pneumococcus pro-
duced a substance which inhibited the action of
sulfapyridine. Mirick (42) investigated this
sulfonamide inhibitor and brought forth con-
siderable evidence that this inhibitor was actually
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p-aminobenzoic acid. This information sug-

gested to us that staphylococci became resistant
to kthe sulfonamides by means of a similar
mechanism. The most resistant strains included
in the present report were subjected to a group
of observations with this thesis in mind. As a
result, we have concluded that as far as the
staphylococcus is concerned, sulfonamide-re-
sistance is dependent at least in part, upon the
elaboration of p-aminobenzoic acid by the
bacterial cell. These observations will be pub-
lished in detail elsewhere. This supports the
conclusions of Landy and his group (43). It
should be emphasized that even the so-called
non-resistant strains of staphylococcus produce
p-aminobenzoic acid, but to a lesser degree than
the resistant strains. There is some evidence at
hand which would indicate that the more re-

sistant strains of staphylococci produce relatively
large amounts of p-aminobenzoic acid, especially
in the presence of the sulfonamides (44). While
the mechanism whereby staphylococci resist the
inhibitory action of the sulfonamides may be
explained in part on the basis of the formation
of p-aminobenzoic acid acting as a sulfonamide
inhibitor, this mechanism does not necessarily
apply to other species of bacteria. Recent evi-
dence would indicate that another mechanism or

mechanisms is responsible (9, 43).
The use of the sulfonamides in the treatment

of staphylococcic infections presents many

problems. Even though in vitro tests may show
that a particular strain of staphylococcus is
susceptible to the action of a sulfonamide,
attempts at therapy with this sulfonamide may

be unsuccessful or not too satisfactory. This is
related in large part to the nature of staphy-
lococcic sepsis. Localized lesions, serving as

foci for blood stream invasion, are made up of
exudate, tissue necrosis, cellular debris, and dead
organisms, all of which may inhibit the action of
the sulfonamide. If, in addition to these factors,
the organism becomes resistant to the sulfon-
amide, the likelihood of controlling an infection
is further reduced. Another disturbing feature
in our experience with staphylococcic infections
is that sulfonamide-resistant strains of staphy-
lococci are being encountered much more fre-
quently at the present time than 2 or 3 years

ago. This may be due to several factors. One

is that the sulfonamides are being administered
more freely to patients with staphylococcic
sepsis before they are brought to the University
Hospitals for further treatment. Another possi-
bility is that sulfonamide-resistant strains are
being disseminated because of the widespread
use of the sulfonamides.

Particular attention should be given to the fre-
quency with which sulfonamide-resistant strains
of staphylococci were isolated from the urine of
patients with varying types of urinary tract in-
fections. In many cases, a low-grade infection
was associated with obstruction to the flow of
urine. The development of sulfonamide-resist-
ant organisms is not to be taken too lightly,
particularly if operative interference is con-
templated. In one patient (Patient 43), a
highly resistant strain of staphylococcus was
obtained from the urine. This individual had
benign prostatic hypertrophy with obstruction.
Sulfonamides were administered prior to surgery,
and following a transurethral prostatic resection,
he developed a fatal staphylococcic bacteremia.
The strain isolated from his blood was also re-
sistant to the in vitro action of sulfathiazole, and
therapy with this compound was of no value in
controlling the infection. It is possible that the
same sequence of events may take place in
patients with other species of bacteria in the
urinary tract as brought out in the following
observation. Patient 49 developed a fatal bac-
teremia due to an anhemolytic strain of strep-
tococcus, following a transurethral prostatic
resection. This organism was cultured from the
urine and the blood, and in vitro tests showed it
to be highly resistant to sulfathiazole. It is
of interest that, in 1926, Feirer and his associates
(45) called attention to the development of
"drug-fast" organisms in the urine against
urinary antiseptics, which were derivatives of the
heavy metals. On the basis of this observation,
they suggested a rotation of drugs in the treat-
ment of chronic urinary infections.

It is becoming more and more apparent that
specific agents, other than the commonly used
sulfonamides, are desirable in the treatment of
patients with severe staphylococcic infections.
There is increasing evidence that the antibiotic
agents, such as penicillin, will yield more satis-
factory clinical results. Wehave compared the
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in vitro action of sulfathiazole and penicillin.
against the 57 strains given in this report, the
results of which work will be presented elsewhere.
It is significant that p-aminobenzoic acid does
not inhibit the action of penicillin against the
staphylococcus. On the other hand, staphylo-
cocci may develop in vitro resistance to penicillin,
apparently by means of a different mechanism.
This feature is undergoing investigation at the
present time.

SUMMARY

1. The problem of sulfonamide-resistant bac-
teria in general is briefly reviewed.

2. Fifty-seven strains of coagulase-positive
staphylococci, isolated from an equal number of
patients, were tested in vitro with a standard
procedure against sodium sulfathiazole in a

synthetic medium, containing negligible amounts
of sulfonamide inhibitor. Thirty-two of the
strains were considered non-resistant; 8 were

moderately resistant; while 17 strains required a

concentration of 100 mgm. per 100 cc. or more

of sodium sulfathiazole. before growth was com-

pletely inhibited.
3. The acquisition of sulfonamide-resistance

by staphylococci is a persistent characteristic of
the organisms.

4. Although it is apparent that sulfonamide-
resistant staphylococci do not necessarily develop
as a result of the administration of the sulfon-
amides, the evidence presented in this paper

indicates that resistant strains are almost always
isolated from patients who have had previous
sulfonamide therapy.

5. The development of sulfonamide-resistance
by staphylococci is dependent, at least in part,
upon the elaboration of p-aminobenzoic acid by
the bacterial cells.
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