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Using two strains of Staphylococcus aureus, one susceptible and one heterogeneously resistant to methicillin,
for which MICs and MBCs of trimethoprim-sulfamethoxazole (TMP-SMX) were 0.06 and 0.06 pg/ml and 0.06
and 0.25 pg/ml, respectively (concentrations are those of TMP), we studied the efficacies of TMP-SMX and
cloxacillin, teicoplanin, and vancomycin for treatment of experimental staphylococcal endocarditis. Rabbits
were treated with dosages of TMP-SMX selected to achieve concentrations in serum equivalent to that obtained
in humans treated for Preumocystis carinii pneumonia. The overall mortality rate of rabbits treated with
TMP-SMX was 84% at day 3, not different from that of the control groups (P > 0.1). No sterile vegetations were
observed to be present in control groups or in animals treated with TMP-SMX. However, 26, 60, and 75% of
rabbits treated with teicoplanin, cloxacillin, and vancomycin, respectively, showed sterile vegetations. For
methicillin-susceptible S. aureus (MSSA), the mean vegetation counts were not significantly different between
the control group and the group treated with TMP-SMX (P > 0.1). For methicillin-resistant S. aureus (MRSA),
treatment with TMP-SMX was more effective than no therapy, decreasing the number of organisms in
vegetations (P < 0.01). For both strains, therapy with cloxacillin and therapy with teicoplanin or vancomycin
were significantly more effective than therapy with TMP-SMX. Despite high concentrations of teicoplanin in
serum which exceeded MBCs for staphylococci more than 50 times at the peak and 10 times at the trough,
therapy with cloxacillin or vancomycin was superior to therapy with teicoplanin against both MSSA and
MRSA. These data do not support the use of TMP-SMX in treatment of endocarditis and other severe

staphylococcal infections with high bacterial counts.

Staphylococcus aureus remains an important cause of both
uncomplicated and complicated bacteremic infections and is
the leading cause of infectious endocarditis in many medical
centers around the world (23, 30). Antimicrobial therapy of
staphylococcal infections has become more troublesome be-
cause of the recent emergence and spread of methicillin-resis-
tant S. aureus (MRSA) strains. Previous reports have docu-
mented an increased prevalence of MRSA in hospitals in the
United States and Europe (3, 18), and there is at present a
scarcity of effective antimicrobial regimens for these strains
(12).

Beta-lactam antibiotics alone or in combination with amino-
glycosides are regarded as first-choice therapy for treatment of
methicillin-susceptible S. aureus (MSSA) endocarditis, and
vancomycin therapy is recommended for patients with penicil-
lin allergies and for those with serious infections caused by
MRSA, including endocarditis (19). However, several recent
reports have shown suboptimal clinical outcome in patients
with staphylococcal endocarditis treated with vancomycin (13,
16). For these reasons, a continuous search for alternative
antimicrobial drugs is of paramount importance.

In vitro, most strains of MRSA are sensitive to trimetho-
prim-sulfamethoxazole (TMP-SMX), with MICs ranging from
0.05-1.0 to 0.4-8.0 pg/ml (15), and as determined by time-kill
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studies, the combination shows a rapid bactericidal effect at
concentrations four times the MIC (32). In addition, synergis-
tic bactericidal activity has been shown in a model of dissem-
inated infection in mice (9). However, to the best of our knowl-
edge, results of treatment of endocarditis caused by MRSA in
an experimental model have not been published. Because this
model can be considered a rigorous test of antimicrobial effi-
cacy, it may provide valuable information on the potential role
of TMP-SMX in the treatment of endocarditis and other se-
vere infections caused by MRSA.

MATERIALS AND METHODS

In vitro studies. Two strains of S. aureus isolated from patients with endocar-
ditis were used; one strain was MSSA, and the other was a heterogeneous MRSA
strain. The microorganisms were stored frozen in defibrinated sheep blood at
—70°C. Before being tested, each strain was thawed and subcultured in tryptic
soy agar containing 5% sheep blood. A microdilution method was used for
susceptibility testing (22). Inocula were prepared from broth cultures in the log
phase of growth to yield an inoculum size of 5.5 X 10° CFU of staphylococci per
ml and were inoculated into serial twofold dilutions of antimicrobial agent in
Mueller-Hinton broth that was supplemented with 5% hemolyzed horse blood
for TMP-SMX testing. The supplement of 5% lysed horse blood contains suffi-
cient thymidine phosphorylase to inactivate thymidine in the media. For clox-
acillin testing, cation-supplemented Mueller-Hinton broth with 2% NaCl was
used. Subcultures were made for confirmation of purity and quantitation of the
inoculum size. Wells containing the inoculum in serial dilutions of antimicrobial
agents were incubated for 24 h at 35°C in room air. The MIC was defined as the
lowest concentration of antimicrobial agent in broth which did not permit visible
growth of staphylococci. The MBC was determined by subculture of 100 pl of
broth from a control well, the first well containing growth, and from all wells
without visible growth and was defined as the lowest concentration of antibiotic
that killed =99.9% of the original inoculum (27).
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Time-kill studies were performed at 37°C in 10 ml of Mueller-Hinton broth
with inocula of 107 to 10% CFU of staphylococci per ml (27). For TMP-SMX
testing, Mueller-Hinton broth supplemented with 5% lysed horse blood was
used. Samples (100 wl) were taken at 0, 4, and 24 h and quantitatively subcul-
tured onto blood agar. Tests were performed in triplicate, and the results are
expressed as mean values.

Animal studies. Experimental aortic valve endocarditis was established in New
Zealand White rabbits (weight, 2 to 3 kg) by modifications of the method
described by Perlman and Freedman (21). In brief, animals were anesthetized
with a mixture of ketamine and xylazine injected intramuscularly (i.m.). An
incision was made in the neck, and the right carotid artery was exposed. The
artery was ligated distally, and a sterile polyethylene catheter was inserted into
the artery through a small incision and advanced proximally across the aortic
valve into the left ventricle. A pressure-sensitive monitoring device was attached
to the distal end of the catheter to ensure that the catheter tip crossed the aortic
valve and entered the left ventricle. The end of the catheter was sealed and tied
to the carotid artery, and the wound was closed over the catheter with surgical
clips. The catheter was left in place throughout the experiment.

Twenty-four hours after the insertion of the catheter, 1 ml of broth containing
107 to 10® CFU of S. aureus per ml was injected into a peripheral ear vein. The
presence of endocarditis was confirmed by a blood culture yielding staphylococci
obtained before initiation of antimicrobial therapy.

Antimicrobial therapy was started 24 h after intravenous injection of S. aureus.
Animals were placed into treatment groups as follows. For MSSA, the control
group included 10 animals that received no antimicrobial therapy, the cloxacillin
group consisted of 12 animals that were treated i.m. with 200 mg of cloxacillin per
kg of body weight three times a day, the vancomycin group consisted of 12
animals treated intravenously with 25 mg of vancomycin per kg of body weight
twice a day (b.i.d.), the teicoplanin group consisted of 12 rabbits that received
i.m. therapy with 30 mg of teicoplanin per kg of body weight b.i.d., and the
TMP-SMX group consisted of 12 animals that received i.m. therapy with a fixed
drug combination (1:5) which consisted of 50 mg of TMP plus 250 mg of SMX
per kg of body weight, divided in three daily doses.

For MRSA, the control group included 10 animals that received no therapy,
the vancomycin group consisted of 14 animals that received 25 mg of vancomycin
per kg of body weight intravenously b.i.d., the teicoplanin group consisted of 15
animals that were treated with 30 mg of teicoplanin per kg of body weight i.m.
b.i.d., and the TMP-SMX group consisted of 11 animals that received i.m.
therapy with 50 mg of TMP plus 250 mg of SMX per kg of body weight, divided
in three daily doses.

Antimicrobial therapy was given for 3 days. At the end of the treatment period
and at least 12 h after administration of the last dose of antibiotics, animals were
sacrificed by intravenous injection of sodium pentobarbital. The chest was
opened, the heart was excised and opened, and the aortic valve vegetations were
removed aseptically. In order to determine whether and to what degree endo-
cardial infection was present, the entire valve and vegetations were weighed and
homogenized in 0.9 ml of Mueller-Hinton broth by using a stomacher device.
The number of CFU of S. aureus per gram of vegetation was quantitated by a
pour plate method with tryptic soy agar. The results were expressed as log;, CFU
of staphylococci per gram of valve vegetation. Because all the undiluted vegeta-
tion homogenate was cultured, as little as 5 to 10 CFU of vegetation per g could
be detected. Sterile vegetations were assigned a value of 0 log,, unit, correspond-
ing to 1 CFU/g.

Only animals with positive blood cultures and catheters positioned across the
aortic valve at autopsy that received at least a full day of antimicrobial therapy
(three doses of cloxacillin or TMP-SMX or two doses of teicoplanin or vanco-
mycin) were included in the final analysis. Randomly selected colonies recovered
from vegetations of rabbits treated with TMP-SMX were immediately taken for
MIC determinations in antibiotic-free plates.

Measurement of concentrations of antimicrobial agents in serum. Pharmaco-
kinetic studies were performed with uninfected control animals to estimate
dosages of TMP required to obtain peak levels of about 3 to 5 pg/ml, equivalent
to those achieved during oral or parenteral therapy in humans (11, 31). Blood
samples were taken from rabbits with endocarditis on the second day of therapy
60 min after administration of antibiotics and just before the next dose to
measure the peak and trough levels of antimicrobial agents. Concentrations of
vancomycin in serum were measured by using TDX (Abbott Laboratories), and
concentrations of cloxacillin and teicoplanin in serum were measured by a bio-
assay with Bacillus subtilis ATCC 6633 (1). Levels of TMP in serum were tested
by a bioassay using Bacillus pumilus as the test strain (4).

Analysis of results. Differences in mean log,, CFU of staphylococci per gram
of vegetation were analyzed statistically by using the Kruskall-Wallis nonpara-
metric test. In addition, the Mann-Whitney test was used when two groups were
compared. The statistical analysis was performed with SPSS software. For com-
parison of two means, a P value of <0.05 was considered significant.

RESULTS

In vitro microbiologic studies. The MICs and MBCs of the
antibiotics for both strains used in the experimental design are
shown in Table 1, and rates of decrease in the number of S.
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TABLE 1. Antibiotic susceptibilities of two strains of S. aureus used
in the experimental model of aortic endocarditis

MIC/MBC (pg/ml) for:

Antibiotic
MSSA MRSA
Cloxacillin 0.25/0.5 >16/>16
TMP-SMX (1:20)* 0.06/0.06 0.06/0.25
Teicoplanin 0.25/1 0.25/1
Vancomycin 1/1 172

“ Concentrations listed are the concentrations of TMP.

aureus organisms per milliliter of Mueller-Hinton broth in the
time-kill studies are shown in Tables 2 and 3. With a high
inoculum of MSSA, each antibiotic produced only a modest
decrease in the number of microorganisms at 4 h (reductions
from 0.9 to 1.2 CFU/ml in the inoculum). After 24 h of incu-
bation, the mean counts of staphylococci did not differ between
different antibiotics. For MRSA, after 4 h of incubation the
reduction in the inoculum was also small (reductions from 0.4
to 1 CFU/ml in the inoculum). After 24 h of incubation, the
reduction in the mean count was greater for TMP-SMX and
vancomycin than for teicoplanin.

Therapeutic studies. In the control groups of rabbits, which
were not treated with antimicrobial agents, the rate of mortal-
ity due to aortic staphylococcal endocarditis was 90% on the
third day. In the experiments conducted with MSSA, this high
mortality rate was reduced to 0, 8, and 0% by treatment with
cloxacillin, teicoplanin, and vancomycin, respectively. In the
experiments conducted with MRSA, spontaneous mortality
was reduced to 13 and 7% by therapy with teicoplanin and
vancomycin, respectively. Remarkably, treatment with TMP-
SMX showed a much lower capacity to keep the rabbits alive
during the complete period of treatment. Thirty-one animals
were used in the therapeutic studies with TMP-SMX. Eight
(29%) did not survive the first day of treatment and were not
included in the final analysis. Of 23 rabbits that at least com-
pleted a full day of antimicrobial therapy, only 5 (21.7%) sur-
vived the entire period of scheduled treatment (nine doses). Of
those, two were infected with MSSA and three were infected
with MRSA. The rest of the animals received three doses (five
rabbits), four doses (three rabbits), six doses (six rabbits), or
eight doses (four rabbits). The overall mortality rate for ani-
mals treated with TMP-SMX was 84% at day 3, not signifi-
cantly different from that observed for the control groups (P >
0.1).

Table 4 and Table 5 show the results of treatment of exper-
imental endocarditis caused by MSSA and MRSA and the
mean peak and trough levels of antimicrobial agents in blood.
No sterile vegetations occurred in the control groups or the
groups of animals treated with TMP-SMX. However, 26, 60,
and 75% of animals treated with teicoplanin, cloxacillin, and

TABLE 2. Time-kill studies of MSSA used in the experimental
model of aortic endocarditis

Log,o CFU/ml at time (h):
Antibiotic (pg/ml)

0 4 24
None [control] 8.00 9.10 9.93
Cloxacillin (20) 8.00 6.80 5.10
TMP-SMX (5-25) 8.00 7.10 5.65
Teicoplanin (15) 8.00 6.90 5.46
Vancomycin (15) 8.00 7.10 5.20
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TABLE 3. Time-kill studies of MRSA used in the experimental
model of aortic endocarditis

TMP-SMX IN STAPHYLOCOCCAL ENDOCARDITIS 955

TABLE 4. Results of treatment of experimental
endocarditis due to MSSA

Log,, CFU/ml at time (h):

Antibiotic (pg/ml)

0 4 24
None [control] 7.50 8.42 9.50
TMP-SMX (5-25) 7.50 7.15 4.78
Teicoplanin (15) 7.50 7.10 5.60
Vancomycin (15) 7.50 6.56 3.94

vancomycin, respectively, showed sterile vegetations. For
MSSA, the mean vegetation counts were not significantly dif-
ferent between the control group and the group of rabbits
treated with TMP-SMX (P > 0.1). However, for the MRSA
strain, treatment with TMP-SMX was significantly more effec-
tive than no therapy in reducing the number of organisms in
the vegetations (P < 0.01). Resistance to TMP-SMX among S.
aureus strains isolated from vegetations after therapy was not
found.

For MSSA, both cloxacillin and vancomycin were superior to
teicoplanin in reducing the number of microorganisms in car-
diac vegetations. No significant difference was observed be-
tween cloxacillin and vancomycin treatments (P > 0.05). For
MRSA, after 3 days of therapy the mean vegetation count for
rabbits treated with vancomycin was significantly lower than
that observed for animals treated with teicoplanin (P < 0.01).

DISCUSSION

Most clinical isolates of S. aureus, including methicillin-re-
sistant strains, are sensitive to TMP-SMX (15), and supposedly
the combination acts synergistically to produce a bactericidal
effect on staphylococci both in vitro and in vivo (9, 25). For
these reasons, TMP-SMX is being considered as an effective
alternative to vancomycin in the treatment of infections caused
by MRSA, including cases of endocarditis (12, 28). However,
only a few anecdotal reports have suggested that TMP-SMX is
valuable in the treatment of staphylococcal infections (2, 29).
A double-blind comparative trial found vancomycin superior
to TMP-SMX in efficacy and safety for treatment of intrave-
nous drug users with staphylococcal infections (17). The cure
rate obtained with TMP-SMX was 86%, and all treatment
failures observed occurred in patients with infections caused by
MSSA. Therefore, the authors of that report recommended
TMP-SMX as an alternative to vancomycin for selected cases
of infections caused by MRSA (17).

Our experiments were deliberately done with a high infect-
ing inoculum to assess the efficacies of TMP-SMX and other
antimicrobial agents in reducing mortality and bacterial pop-
ulations during acute adverse conditions. Under such condi-
tions, therapy with TMP-SMX was unable to lower the rate of
mortality due to the infection and only a minority of the
treated animals survived the 3 days of programmed therapy.
Although for animals infected with MSSA no difference in the
bacterial counts in vegetations was observed between the un-
treated group and the group treated with TMP-SMX, the com-
bination drug produced a significant decrease in the number of
MRSA organisms in aortic vegetations in comparison with the
number in the control group. Both cloxacillin treatment for
MSSA infection and treatment with vancomycin and teicopla-
nin for MRSA infection were superior to therapy with TMP-
SMX.

To the best of our knowledge, only one experimental study
has addressed the comparative efficacy of TMP-SMX versus

No. of animals/ Log,, CFU/g of

Antimicrobial Peak/trough (ng/ml)

no. of sterile vegetation
agent vegetations (mean + SD) (mein + SD)
None (control) 10/0 9.74 £ 0.81
TMP-SMX 12/0 475 £ 1.4/05 03  9.33 = 0.41¢
Teicoplanin 12/3 59 + 10/12.6 = 4.7 5.49 = 1.78"
Cloxacillin 10/6 65 £1526*+13 228 x1.71°
Vancomycin 10/8 4 +728+12 156 =1.19%

“P = 0.1 for TMP-SMX versus the control.

b P < 0.01 for teicoplanin versus the control or TMP-SMX.
¢ P < 0.01 for cloxacillin versus the control or teicoplanin.
4 P < 0.01 for vancomycin versus the control or teicoplanin.
¢ P = 0.3 for vancomycin versus cloxacillin.

other antimicrobial agents against S. aureus in vivo (24). Using
the experimental model of meningitis, Scheld et al. showed
that TMP-SMX killed S. aureus at a slower rate and more
incompletely than nafcillin did (24).

There are a number of possible reasons for the lack of
activity of TMP-SMX in this experimental model of staphylo-
coccal endocarditis and for the apparent discrepancy between
results of MIC studies and in vivo results. The MIC for micro-
organisms isolated from vegetations of animals which were
TMP-SMX treatment failures was identical to that determined
for the original strain; therefore, the development of resistance
during therapy is improbable. Insufficient levels of the antimi-
crobial agents in serum and a lack of penetration into the
vegetations are also unlikely possibilities. Although there are
no data on the diffusion of TMP into cardiac vegetations, the
drug is widely distributed in most human tissues, including the
prostate gland, and cerebrospinal fluid (20). Optimal dosages
of TMP-SMX for the treatment of staphylococcal infections
have not been formulated. In this study, dosages of TMP-SMX
were chosen in order to obtain serum drug levels in rabbits
equivalent to those obtained in adults treated with intravenous
TMP-SMX for serious infections (31). These dosages achieved
peak levels of TMP in serum exceeding 20 to 80 times the
MBC:s for the infecting strains and at least doubled the MBCs
at trough levels. Therefore, although the antibiotic concentra-
tions needed to exhibit an in vivo antibacterial effect in vege-
tations could be much higher than the concentrations active in
vitro (14), the possibility that higher levels of TMP in serum
could have caused a greater antimicrobial effect seems remote.

The possibility of an in vivo inoculum effect could be the
most plausible explanation. Previous studies showed that the
MBC of TMP-SMX for staphylococci did increase when the
inoculum was raised from 10° to 10’ CFU per ml (24). In our
studies, the kinetics of killing of staphylococci assessed by the

TABLE 5. Results of treatment of experimental
endocarditis due to MRSA

No. of animals/ Log,y CFU/g of

Antimicrobial Peak/trough (pg/ml)

no. of sterile " vegetation
agent vegetations (mean = SD) (mean = SD)
None (control) 10/0 10.1 = 0.81
TMP-SMX 11/0 486 £1.3/08 04 9.27 = 0.38"
Teicoplanin 15/4 53 +12/12.8 =85 5.04 = 1.83°
Vancomycin 14/10 48 £14/35 1.6 3.14 = 1.65°

“¢ P < 0.01 for TMP-SMX versus the control.
b P < 0.01 for teicoplanin versus the control or TMP-SMX.
¢ P < 0.01 for vancomycin versus the control, TMP-SMX, or teicoplanin.
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time-kill method with high inocula showed a slow and modest
decrease in the number of microorganisms, which predicted a
suboptimal in vivo effect. These observations may be most
relevant because the conditions for the interaction between the
antibiotics and staphylococci in cardiac vegetations surely were
even worse, with a greater number of microorganisms in fibrin
clots.

The clinical correlates of these experimental observations
may be evident only in infections such as endocarditis, char-
acterized by the presence of large numbers of microorganisms
in tissues. A few patients with endocarditis due to S. aureus
have been treated with TMP-SMX alone or in combinations
with other antimicrobial agents (2, 17, 25, 26, 29). Markowitz et
al. treated 11 patients with tricuspid endocarditis caused by
MSSA or MRSA with TMP-SMX, and the infection was ap-
parently eradicated in 7 (17), a cure rate that, although much
lower than that achieved by therapy with antibiotics that inhibit
cell wall synthesis, still was considerable. However, tricuspid
endocarditis may be easier to cure than left-sided disease be-
cause fewer microorganisms are present in cardiac vegetations
(bacterial densities are approximately 300 times lower) and the
infection shows a spontaneous evolution towards sterilization
and cure (5, 10). Therefore, it was not entirely unexpected that
treatment with TMP-SMX did show some activity in this situ-
ation. We believe that although the results of these experi-
ments cannot be directly extrapolated to therapy of human
infections, they do not encourage the use of TMP-SMX in the
treatment of endocarditis and other serious staphylococcal in-
fections characterized by the presence of large numbers of
microorganisms in the tissues.

Previous studies done with rabbits with experimental endo-
carditis have shown that the efficacy of teicoplanin compared
favorably both with that of nafcillin for infection by an MSSA
strain and with that of vancomycin for infection by an MRSA
strain (7). In the present experiments, despite the high peak
and trough levels of teicoplanin in serum attained during ther-
apy, which were equivalent to those achieved in humans
treated with high doses of teicoplanin, cloxacillin and vanco-
mycin were more effective than teicoplanin in decreasing the
number of MSSA or MRSA organisms in cardiac vegetations
after 3 days of treatment. The reasons for this suboptimal
activity of teicoplanin remain unknown. Cremieux et al. have
shown that teicoplanin concentrates at the periphery of the
vegetations and diffuses poorly into the center (8). The high-
level protein binding of teicoplanin may be a factor in the
reportedly poor penetration of the drug into vegetations. It has
been suggested that high trough concentrations of teicoplanin
in serum (10 times the MIC or higher) may be necessary to
overcome the barrier to penetration in order to determine an
optimal bactericidal activity (6). Our observations suggest that,
besides the serum drug concentrations, other factors, such as
the relatively low bactericidal rate of teicoplanin at high bac-
terial densities, may be relevant in determining the efficacy of
this antibiotic in vivo.

ACKNOWLEDGMENTS

This investigation was supported by a grant from the Fondo de
Investigaciones Sanitarias de la Seguridad Social, Ministerio de
Sanidad de Espafia. Miguel de Goérgolas was supported by funds from
the “Conchita Rabago de Jiménez Diaz” Foundation.

REFERENCES

1. Anbhalt, J. P. 1991. Assay for antimicrobial agents in body fluids, p. 1192-
1198. In A. Balows, W. J. Hausler, Jr., K. L. Herrmann, H. D. Isenberg, and
H. J. Shadomy (ed.), Manual of clinical microbiology, 5th ed. American
Society for Microbiology, Washington, D.C.

2. Bengtsson, E., M. Evambom, and G. Tunewall. 1974. Trimethoprim-sulfa-

10.

11.

12.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

ANTIMICROB. AGENTS CHEMOTHER.

methoxazole treatment in staphylococcal endocarditis and gram-negative
septicemia. Scand. J. Infect. Dis. 6:177-182.

. Boyce, J. M. 1990. Increasing prevalence of methicillin-resistant Staphylo-

coccus aureus in the United States. Infect. Control Hosp. Epidemiol. 11:639—
642.

. Bushby, S. R. M, and G. H. Hitchings. 1969. Trimethoprim, a sulphonamide

potentiator. Br. J. Pharmacol. Chemother. 33:72-90.

. Chambers, H. F. 1993. Short-course combination and oral therapies of

Staphylococcus aureus endocarditis. Infect. Dis. Clin. N. Am. 7:69-80.

. Chambers, H. F., and S. Kennedy. 1990. Effects of dosage, peak and trough

concentrations in serum, protein binding, and bactericidal rate on efficacy of
teicoplanin in a rabbit model of endocarditis. Antimicrob. Agents Che-
mother. 34:510-514.

. Chambers, H. F., and M. A. Sande. 1984. Teicoplanin versus nafcillin and

vancomycin in the treatment of experimental endocarditis caused by methi-
cillin-susceptible or -resistant Staphylococcus aureus. Antimicrob. Agents
Chemother. 26:61-64.

. Cremieux, A. C., B. Maziere, J. M. Vallois, M. Ottaviani, A. Azancot, H.

Raffoul, A. Bouvet, J. J. Pocidalo, and C. Carbon. 1989. Evaluation of
antibiotic diffusion into cardiac vegetations by quantitative autoradiography.
J. Infect. Dis. 159:938-944.

. Elwell, L. P., H. R. Wilson, V. B. Knick, and B. R. Keith. 1986. In vitro and

in vivo efficacy of the combination trimethoprim-sulfamethoxazole against
clinical isolates of methicillin-resistant Staphylococcus aureus. Antimicrob.
Agents Chemother. 29:1092-1094.

Freedman, L. R., S. Arnold, and J. Valone. 1974. Experimental endocarditis.
Proc. N. Y. Acad. Sci. 236:456-465.

Grose, W. E., G. P. Bodey, and T. L. Loo. 1979. Clinical pharmacology of
intravenously administered trimethoprim-sulfamethoxazole. Antimicrob.
Agents Chemother. 15:447-451.

Hackbarth, C. J., and H. F. Chambers. 1989. Methicillin-resistant staphylo-
cocci: detection methods and treatment of infections. Antimicrob. Agents
Chemother. 33:995-999.

. Harstein, A. 1., M. E. Mulligan, V. H. Morthland, and R. Y. Y. Kwok. 1992.

Recurrent Staphylococcus aureus bacteremia. J. Clin. Microbiol. 30:670-674.
Hessen, M. T., P. G. Pitsakis, and M. E. Levison. 1988. Absence of a
postantibiotic effect in experimental Pseudomonas endocarditis treated with
imipenem, with or without gentamicin. J. Infect. Dis. 158:542-548.
Lawrence, T., C. Rotstein, T. R. Bean, Jr., E. A. Gorzynski, and D. Amster-
dam. 1993. In vitro activities of ramoplanin, selected glycopeptides, fluoro-
quinolones, and other antibiotics against clinical bloodstream isolates of
gram-positive cocci. Antimicrob. Agents Chemother. 37:896-900.

Levine, D. P, B. S. Fromm, and B. R. Reddy. 1991. Slow response to
vancomycin or vancomycin plus rifampin in methicillin-resistant Staphylo-
coccus aureus endocarditis. Ann. Intern. Med. 109:619-624.

Markowitz, N., E. L. Quinn, and L. D. Saravolatz. 1992. Trimethoprim-
sulfamethoxazole compared with vancomycin for the treatment of Staphylo-
coccus aureus infection. Ann. Intern. Med. 117:390-398.

Marpple, P. A. C., J. M. Hamilton-Miller, and W. Brumfitt. 1989. Wide
antibiotic resistance in methicillin-resistant Staphylococcus aureus. Lancet
:537-539.

. Mortara, L. A,, and A. S. Bayer. 1993. Staphylococcus aureus bacteremia and

endocarditis: new diagnostic and therapeutic concepts. Infect. Dis. Clin. N.
Am. 7:53-68.

Pater, R. B, and P. G. Welling. 1980. Clinical pharmacokinetics of co-
trimoxazole (trimethoprim-sulfamethoxazole). Clin. Pharmacokinet. 5:405—
423.

Perlman, B. B., and L. R. Freedman. 1971. Experimental endocarditis. II.
Staphylococcal endocarditis of the aortic valve following placement of a
polyethylene catheter in the left side of the heart. Yale J. Biol. Med. 44:
206-213.

Sahm, D. F., and J. A. Washington II. 1991. Antibacterial susceptibility tests:
dilution methods, p. 1105-1116. In A. Balows, W. J. Hausler, Jr., K. L.
Herrmann, H. D. Isenberg, and H. J. Shadomy (ed.), Manual of clinical
microbiology, 5th ed. American Society for Microbiology, Washington,
D.C.

Sanabria, T. J., J. S. Alpert, R. Goldberg, L. A. Pape, and S. H. Cheeseman.
1990. Increasing frequency of staphylococcal infective endocarditis. Arch.
Intern. Med. 150:1305-1309.

Scheld, W. M., J. M. Keeley, M. R. Field, and J. P. Brodeur. 1987. Co-
trimoxazole versus nafcillin in the therapy of experimental meningitis due to
Staphylococcus aureus. J. Antimicrob. Chemother. 19:647-658.

Seligman, S. J. 1973. In vitro susceptibility of methicillin-resistant Staphylo-
coccus aureus to sulfamethoxazole and trimethoprim. J. Infect. Dis.
128(Suppl. 3):S543-S544.

Shafqat, S. H., S. A. Shah, and S. A. Syed. 1971. Bacterial endocarditis over
prosthetic valves treated with trimethoprim-sulfamethoxazole combinations.
Br. Heart J. 33:974-976.

Stratton, C. W., and R. C. Cooksey. 1991. Susceptibility tests; special tests, p.
1153-1165. In A. Balows, W. J. Hausler, Jr., K. L. Herrmann, H. D. Isenberg,
and H. J. Shadomy (ed.), Manual of clinical microbiology, 5th ed. American
Society for Microbiology, Washington, D.C.



VoL. 39, 1995

28.

29.

30.

Street, A. C., and D. T. Durack. 1988. Experience with trimethoprim-sulfa-
methoxazole in treatment of infective endocarditis. Rev. Infect. Dis. 10:915—
921.

Tamer, M. A., and J. D. Bray. 1982. Trimethoprim-sulfamethoxazole treat-
ment of multi-antibiotic-resistant staphylococcus endocarditis and meningi-
tis. Clin. Pediatr. 21:125-126.

Verdejo, C., M. L. Ferniandez Guerrero, J. M. Castrillo, M. Diaz, and E.
Villalobos. 1989. Endocarditis por Staphylococcus aureus en adictos y no

TMP-SMX IN STAPHYLOCOCCAL ENDOCARDITIS

31.

32.

957

adictos: un mismo microbio para dos enfermedades distintas. Rev. Clin. Esp.
185:123-127.

Winston, D. J., W. K. Lau, R. P. Gale, and L. S. Young. 1980. Trimethoprim-
sulfamethoxazole for the treatment of Pneumocystis carinii pneumonia. Ann.
Intern. Med. 92:762-770.

Yeldandi, V., R. Strodtman, and J. R. Lentino. 1988. In vitro and in vivo
studies of trimethoprim-sulfamethoxazole against multiple resistant Staphy-
lococcus aureus. J. Antimicrob. Chemother. 22:873-880.



