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ABSTRACT

OBJECTIVE

To show non-inferiority of trimethoprim-
sulfamethoxazole compared with vancomycin for the
treatment of severe infections due to meticillin
resistant Staphylococcus aureus (MRSA).

DESIGN
Parallel, open label, randomised controlled trial.

SETTING
Four acute care hospitals in Israel.

PARTICIPANTS

Adults with severe infections caused by MRSA
susceptible to trimethoprim-sulfamethoxazole and
vancomycin. Patients with left sided endocarditis,
meningitis, chronic haemodialysis, and prolonged
neutropenia were excluded.

INTERVENTIONS

Trimethoprim-sulfamethoxazole 320 mg/1600 mg twice
daily versus vancomycin 1g twice daily fora minimum
of seven days and then by indication.

MAIN OUTCOME MEASURES

The primary efficacy outcome was treatment failure
assessed at day 7, consisting of death, persistence of
haemodynamic instability or fever, stable or worsening
Sequential Organ Failure Assessment score, and
persistence of bacteraemia. The primary safety
outcome was all cause mortality at day 30. Non-
inferiority was defined by a difference of less than 15%
for treatment failure.

RESULTS

252 patients were included in the trial, of whom 91
(36%) had bacteraemia. No significant difference in
treatment failure was seen for trimethoprim-
sulfamethoxazole (51/135, 38%) versus vancomycin

WHAT IS ALREADY KNOWN ON THIS TOPIC

Trimethoprim-sulfamethoxazole has excellent coverage against meticillin resistant
Staphylococcus aureus (MRSA) strains in most locations worldwide

Vancomycin is inferior to 3 lactams for meticillin susceptible S aureus and might be
losing effectiveness against MRSA owing to minimum inhibitory concentration “creep”
No contemporary randomised controlled trials have compared trimethoprim-
sulfamethoxazole with vancomycin in the treatment of severe MRSA infections

WHAT THIS STUDY ADDS

severe MRSA infections

In a randomised controlled trial including 252 inpatients, trimethoprim-
sulfamethoxazole did not achieve non-inferiority to vancomycin in the treatment of

The difference was particularly marked for patients with bacteraemia

Adverse events rates were similar for trimethoprim-sulfamethoxazole and vancomycin
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(32/117, 27%)—risk ratio 1.38 (95% confidence interval
0.96 t0 1.99). However, trimethoprim-sulfamethoxazole
did not meet the non-inferiority criterion—absolute
difference 10.4% (95% confidence interval —1.2% to
21.5%). For patients with bacteraemia, the risk ratio
was 1.40 (0.91t0 2.16). In a multivariable logistic
regression analysis, trimethoprim-sulfamethoxazole
was significantly associated with treatment failure
(adjusted odds ratio 2.00, 1.09 to 3.65). The 30 day
mortality rate was 32/252 (13%), with no significant
difference between arms. Among patients with
bacteraemia, 14/41 (34%) treated with trimethoprim-
sulfamethoxazole and 9/50 (18%) with vancomycin
died (risk ratio 1.90, 0.92 to 3.93).

CONCLUSIONS

High dose trimethoprim-sulfamethoxazole did not
achieve non-inferiority to vancomycin in the treatment
of severe MRSA infections. The difference was
particularly marked for patients with bacteraemia.

TRIAL REGISTRATION
Clinical trials NCT00427076.

Introduction

Trimethoprim-sulfamethoxazole is an old antibiotic
active against Staphylococcus aureus. Trimethoprim is
the main active component and bactericidal in itself, but
the combination is highly synergistic.! With increasing
rates of meticillin resistant Staphylococcus aureus
(MRSA) infections in healthcare settings and in the com-
munity, trimethoprim-sulfamethoxazole has been sug-
gested as a convenient treatment option.>*

MRSA isolates have retained susceptibility to tri-
methoprim-sulfamethoxazole in many locations world-
wide despite several decades of exposure to the
antibiotic. Coverage rates above 90% are described in
contemporary reports for community associated MRSA
and nosocomial isolates in the United States,>8 Can-
ada,’! Japan,?, Europe, Israel, and Turkey.3> Resis-
tance is described in Australia, where 30% of
nosocomial and 10% of community associated MRSA
isolates were resistant to trimethoprim-sulfamethoxaz-
ole in 2012, but a significant trend for decreasing resis-
tance from 2005 was observed, unlike other antibiotics.1¢7
In sub-Saharan Africa, 19% resistance has been recently
documented, owing to high rates of trimethoprim resis-
tance.!® In India, more than 85% of MRSA isolates were
resistant to trimethoprim-sulfamethoxazole between
2009 and 2011.1920

Trimethoprim-sulfamethoxazole is recommended for
the treatment of uncomplicated skin and soft tissue infec-
tions but not for MRSA bacteraemia or pneumonia.?!
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Vancomycin is the primary treatment recommendation
for these infections. Alternatives to vancomycin are
sought as vancomycin is inferior to f lactams in meti-
cillin susceptible S aureus infections,? 2 and it may be
less effective against MRSA at the higher end of the van-
comycin susceptible range.?* In a small observational
study, we reported similar outcomes for trimetho-
prim-sulfamethoxazole and vancomycin in the treat-
ment of MRSA bacteraemia.? Favourable outcomes for
trimethoprim-sulfamethoxazole compared with vanco-
mycin were reported in an observational study focusing
on infections caused by MRSA with a minimal inhibi-
tory concentration of 2 pg/mL to vancomycin.® In both
studies, treatment with trimethoprim-sulfamethoxaz-
ole was given to significantly less ill patients.

We did a randomised controlled trial to assess
whether trimethoprim-sulfamethoxazole is non-inferior
to vancomycin for the treatment of inpatients with
severe MRSA infections, including bacteraemia.

Methods

This was an open label, parallel, one to one randomised
controlled trial, conducted in four acute care hospitals
(Rabin Medical Center, Petah-Tikva (192 patients); Ram-
bam Health Care Campus (38 patients); Holy Family
Hospital Nazareth (7 patients); Wolfson Medical Center
(6 patients)) in Israel, between July 2007 and April 2014.
Informed consent was obtained from all patients or their
legal guardian.

Study population and procedures

We included adult inpatients with severe infections
caused by MRSA, including bacteraemia, and patients
with highly probable MRSA infections. We defined
bacteraemia as the isolation of MRSA in more than
one blood culture bottle or isolated in a single bottle
and accompanied by fever above 38°C, chills, or sys-
tolic blood pressure under 90 mm Hg. We defined
other microbiologically documented MRSA infections
by using predefined criteria adapted from surveil-
lance definitions of healthcare associated infec-
tions,?¢ plus isolation of MRSA from a sterile sample
from the source of infection. Patients with skin and
soft tissue infections could be included only if they
fulfilled the sepsis inflammatory response syndrome
criteria.”” Patients with polymicrobial infections
could be included, except those involving meticillin
susceptible S aureus or mandating treatment with
vancomycin or trimethoprim-sulfamethoxazole. The
highly probable group included patients with ventila-
tor associated pneumonia and prior antibiotic treat-
ment, central catheter related infections, and surgical
site infections in the presence of a foreign body, all
without microbiological documentation.?® We
excluded patients who had received trimetho-
prim-sulfamethoxazole or vancomycin for more than
48 hours; patients with MRSA resistant to trimetho-
prim-sulfamethoxazole or vancomycin; those with
highly suspected or confirmed left sided endocarditis
or meningitis; patients with chronic renal failure
(creatinine clearance <15 mL/min) and chronic hae-
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modialysis (those with severe acute renal failure,
including acute haemodialysis, could be included);
neutropenic patients with acute leukaemia or bone
marrow transplantation; and patients with known
allergy to either study drug, treatment with methotrex-
ate, pregnancy or lactation, previous enrolment in this
study, or concurrent participation in another trial.

We used a central computer generated random num-
ber list to randomise patients to treatment with trimetho-
prim-sulfamethoxazole or vancomycin. Allocation was
concealed in sealed, opaque numbered envelopes that
were opened consecutively after informed consent was
obtained. Trimethoprim-sulfamethoxazole was started
intravenously at a dose of 320 mg trimethoprim/1600 mg
sulfamethoxazole twice daily and could be switched to
oral treatment using the same dose at the discretion of
the treating physician. Dosing was based on a pharmaco-
kinetic study showing that a lower dose resulted in inhi-
bition but not killing of S aureus and on the dose used in
a previous trial.”? % The vancomycin starting dose was 1
g twice daily. In both arms, treatment was adjusted to
renal function; in the vancomycin arm, it was directed by
serum concentrations to obtain drug trough concentra-
tions between 10 and 20 mg/dL. The complete study pro-
tocol is available on request. Treatment had to be
administered for a minimum of seven days, following
which the duration depended on the indication. Con-
comitant antibiotics, other than the combination of van-
comycin and co-trimoxazole, could be administered.
After randomisation, no blinding was performed, but
outcomes were adjudicated blinded to allocation.

Outcomes
The primary efficacy outcome was clinical treatment fail-
ure at seven days and was a composite of death, per-
sistence of fever (<38°C for two consecutive days and no
increase above 38° after resolution was required to rule
out persistence), persistence of hypotension (<90 mm Hg
systolic or need for vasopressor support), non-improving
Sequential Organ Failure Assessment (SOFA) score (for
baseline SOFA >3, a decrease of at least 30% was
required; and for baseline SOFA <3, a stable or decreased
SOFA score was required to rule out failure), or persistent
bacteraemia on day 7. Blood cultures were repeated on
day 2 for all patients with bacteraemia and daily thereaf-
ter for patients with persistent fever, persistent bacterae-
mia, or other signs of infection. We also defined a primary
safety outcome of all cause mortality at 30 days.
Secondary outcomes included failure or modification
of treatment, comprising treatment failure (as defined) or
antibiotic treatment modification; bacteriological failure,
defined as growth of MRSA on day 7 cultures; persistence
of bacteraemia at 48 hours; length of hospital admission;
duration of fever, summing all days with at least one mea-
surement of temperature 38°C or above until day 30; and
development of resistance defined as acquisition of tri-
methoprim-sulfamethoxazole or vancomycin resistant
S aureus or vancomycin resistant Enterococci. Adverse
events included renal failure defined using RIFLE crite-
ria, rash, leucopoenia, any diarrhoea and Clostridium
difficile associated diarrhoea, and other adverse events.

doi: 10.1136/bm;j.h2219 | BMJ2015;350:h2219 | thelmj
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Sample size and analysis

To establish non-inferiority, we allowed a difference of
up to 15% in the primary outcome. Assuming a 30%
treatment failure rate for both treatment groups, we
needed a sample of 128 patients per arm for a one sided
test to rule out the pre-specified difference in the 95%
confidence interval of the difference between groups,
allowing for 10% non-evaluable patients (0=0.05,
=0.8). We did interim analyses of the primary safety
outcome after recruitment of one third and two thirds
of patients, with stopping boundaries (two sided o
level, P<0.01).

We did the primary analysis by intention to treat. We
did per protocol analysis for patients without exclu-
sion criteria after randomisation who received allo-
cated treatment for a minimum of seven days. We did
subgroup analysis for patients with MRSA bacterae-
mia. We used y? or Fisher’s exact tests to compare cat-
egorical outcomes. Continuous outcomes were
skewed, so we described them as medians and com-
pared them by using a median difference, all with 95%
confidence intervals.3! We did multivariable analyses
for the primary efficacy outcome, including the treat-
ment arm as an independent variable. We entered all
variables significantly associated with the outcome on
univariate analysis (P<0.05) and not correlated (Spear-
man correlation >0.5) into a logistic regression analy-
sis. We present risk ratios or odds ratios with 95%
confidence intervals.

Results

We evaluated 782 patients with clinically significant
MRSA isolates, of whom 252 were included. The main
reasons for exclusion were previous treatment with
trimethoprim-sulfamethoxazole or vancomycin for more
than 48 hours or inability to provide informed consent,

Assessed for eligibility (n=782)

Excluded (n=530):
Did not meet inclusion criteria (h=286):
Treatment with study drugs »48 h (n=164)
Allergy (n=19)
Chronic haemodialysis (n=49)
MRSA resistant to trimethoprim-sulfamethoxazole (n=15)
Left sided endocarditis, meningitis, or leukaemia/BMT (n=28)
Participating in another trial (n=10)
Polymicrobial infection excluded (n=1)
Inability to provide informed consent/no legal guardian (n=165)
Declined to participate (n=79)

Randomised (n=252)
[

'

Allocated to trimethoprim-sulfamethoxazole

(n=135)

/

Allocated to vancomycin (n=117)
Received allocated intervention (n=117)

Received allocated intervention (n=135) l

!

Analysed by intention to treat (n=135):
Analysed per protocol (n=110)

Excluded (n=25):

Received <7 days' treatment (n=24)
Post-randomisation exclusion criteria (n=1)

Analysed by intention to treat (n=117):
Analysed per protocol (n=96)
Excluded (n=21):
Received <7 days' treatment (n=16)
Post-randomisation exclusion criteria (n=5)

Flow of patients through study. BMT=bone marrow transplant; MRSA=meticillin resistant

Staphylococcus aureus
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related mostly to severity of sepsis (figure). Inclusion
was based on microbiologically documented inclusion
criteria in 245 (97%) patients: 91 (36%) with bacteraemia
and 154 (61%) with MRSA isolated from other clinical
samples. Patients’ mean age was 65.8 (SD 17) years, and
all infections were healthcare associated (218 (87%) hos-
pital acquired). Characteristics of patients and infec-
tions were mostly balanced between groups; the
exception was bacteraemia, which was more common in
the vancomycin group (table 1). Appropriate empirical
antibiotic treatment was infrequent. Surgical interven-
tions and catheter extraction, when indicated, were per-
formed in similar proportions in the two study groups.
Vancomycin trough concentrations were available for
97/117 (82.9%) patients in the vancomycin arm (=10 pug/mL
in 80 (83%) patients and >15 pg/mL in 65 (67%)
patients). Isolates’ minimum inhibitory concentration to
vancomycin was 2 ug/mL in 12/77 (16%) of patients in
the vancomycin arm and lower in the remaining
patients. All isolates were susceptible to trimetho-
prim-sulfamethoxazole (disk zone <10 mm). The median
duration of treatment with assigned antibiotics in the
per protocol population was 17 (95% confidence interval
12 to 22) days with trimethoprim-sulfamethoxazole
(n=110) and 14 (13 to 15) days with vancomycin (n=96).
Potentially effective antibiotics against MRSA (mainly
rifampin) were added throughout the treatment course
for 14/135 (10%) patients in the trimethoprim-sulfame-
thoxazole arm and 8/117 (7%) patients in the vancomy-
cin arm (P=0.32).

We found no significant difference in treatment fail-
ure at day 7 between trimethoprim-sulfamethoxazole
and vancomycin (risk ratio 1.38, 95% confidence inter-
val 0.96 to 1.99) (table 2. The failure rate with trimetho-
prim-sulfamethoxazole was 51/135 (38%) compared
with 32/117 (27%) with vancomycin, and the 95% confi-
dence interval for the difference fell outside the lower
limit of the 15% predefined for non-inferiority (-1.2% to
21.5%). Of the components comprising the composite
outcome, the advantage to vancomycin emerged from
higher bacteraemia persistence at day 7 and lack of
improvement in SOFA score at day 7 with trimetho-
prim-sulfamethoxazole. We observed similar results in
the per protocol population of patients completing
seven days’ treatment (risk ratio 1.24, 0.82 to 1.89; abso-
lute difference 9.9%, —3.1% to 22.5%) and for patients
with bacteraemia (risk ratio 1.40, 0.91 to 2.16). Restrict-
ing the analysis to patients in the vancomycin group
whose isolates’ minimum inhibitory concentrations
were below 2 pg/mL resulted in a larger risk ratio in
favour of vancomycin (1.64, 0.99 to 2.68).

All cause 30 day mortality did not differ significantly
between groups. However, among patients with bacter-
aemia, mortality was nearly twice as high with tri-
methoprim-sulfamethoxazole—14/41 (34%) versus 9/50
(18%) with vancomycin (risk ratio 1.90, 0.92 to 3.93).
Among non-bacteraemic patients, mortality rates were
low (5/94 (5%) v 4/67 (6%)) and not significantly differ-
ent (risk ratio 0.89, 0.25 to 3.2).

We found no significant differences with regard to the
pre-defined secondary outcomes (table 2). Persistence

3
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Table 1| Patients’ characteristics. Values are numbers (percentages) unless stated otherwise

Trimethoprim-

Characteristic sulfamethoxazole (n=135) Vancomycin (n=117) Pvalue
Mean (SD age, years 64.8 (17) 67 (17) 0.324
Functional capacity on admission:

Independent 75 (56) 66 (56) 0.982

Dependent 31(23) 27 (23) ’

Bedridden 29 (21) 24 (27)
Hospital acquired infection 115 (85) 103 (88.0) 0.509
McCabe score, no fatal disease 104 (77) 92 (79) 0.761
Mean (SD) Charlson score 2.59 (2.04) 2.65(213) 0.829
Diabetes mellitus 67 (50) 54 (46) 0.582
Chronic obstructive pulmonary disease 20 (15) 15 (13) 0.648
Congestive heart failure, NYHA class IlI-1V 29 (21) 21(18) 0.483
Chronic renal failure, creatinine >1.3 mg/dL 16 (12) 12 (10) 0.688
Surgery 30 days before 64 (47) 57 (49) 0.835
Source of MRSA infection:

Complicated SSTIs 50 (37) 38 (32)

Bone or joint 39 (29) 32 (27)

Endovascular 10 (7) 16 (14) 0.584

Pneumonia 14 (10) 14 (12)

Other 0@ 10 (9)

Primary bacteraemia 12 (9) 7 (6)
Bacteraemia 41 (30) 50 (43) 0.042
SOFA score at onset of infection:

0 76 (56) 56 (48) 0.406

13 46 (34) 47 (40)

>3 13 (10) 14 (12)
Mechanically ventilated at onset 16 (12) 11(9) 0.531
Central venous catheter at onset 17 (13) 15 (12) 0.957
Mean (SD) creatinine at onset of infection, mg/dL 1.01 (0.64) 1.04 (0.71); (n=116) 0.736
Mean (SD) total leucocytes at onset of infection, K/mL3 11.6 (6) 10.5 (4.6); (n=116) 0.094
Mean (SD) albumin at onset of infection, mg/dL 2.86 (0.76); (n=108) 2.78 (0.63); (m=102) 0.392
Polymicrobial infection 53 (39) 41 (35) 0.49
Appropriate empirical antibiotic treatment (within 48 h) 13 (10) 14 (12) 0.524
Surgery as part of infection management by day 7* 52/71(73) 46/58 (79) 0.422
Foreign body or catheter removal by day 7t 13/63 (21) 15/55 (27) 0.398

MRSA=meticillin resistant Staphylococcus aureus; NYHA=New York Heart Association; SOFA=Sequential Organ Failure Assessment; SSTI=skin and soft

tissue infections.

*Denominator is patients in whom surgery was deemed necessary as part of treatment management; among all patients, rates were 52/135 (38.5%)

versus 46/117 (39.3%), P=0.9.
tDenominator is patients with central vascular catheter or foreign body.

of bacteraemia was slightly more common with vanco-
mycin at 48 hours and with trimethoprim-sulfamethox-
azole at seven days. There was no significant difference
in length of hospital admission for patients discharged
alive. Adverse events were reported with similar fre-
quency. Renal failure at day 7 and day 30 was slightly
more common with vancomycin, but this was not statis-
tically significant (table 3).

Variables significantly associated with the primary
outcome on univariate analysis were included in the
multivariable analysis. McCabe score, presence of naso-
gastric tube or urine catheter at onset of infection, white
blood count, and albumin concentrations were associ-
ated with treatment failure but correlated with other
included variables and were not entered into the regres-
sion analysis. Other significant variables are shown in
table 4. On multivariable analysis, allocation to tri-
methoprim-sulfamethoxazole was significantly associ-
ated with treatment failure (adjusted odds ratio 2.00,
1.09 to 3.65). Other independent risk factors were bacte-
raemia and mechanical ventilation at infection onset;

surgery in the 30 days before infection was inversely
associated with treatment failure.

Discussion

In a randomised controlled trial including 252 patients
with severe MRSA infections, trimethoprim-sulfame-
thoxazole did not fulfil criteria for non-inferiority to
vancomycin. The absolute difference in treatment fail-
ure rates at day 7—comprising death, clinical/haemo-
dynamicinstability, and persistence of bacteraemia—was
10.4% (-1.2% to 21.5%) in favour of vancomycin, cross-
ing the upper limit of 15% difference defined for
non-inferiority. After adjustment for differences
between groups, treatment with trimethoprim-sulfa-
methoxazole was significantly associated with treat-
ment failure (odds ratio 2.00, 1.09 to 3.65). Thirty day
mortality did not differ significantly between groups
(risk ratio 1.27, 0.65 to 2.45); however, among patients
with bacteraemia (n=91), death rates were non-
significantly higher with trimethoprim-sulfamethoxaz-
ole. Results were similar in a per protocol analysis.

doi: 10.1136/bm;j.h2219 | BMJ2015;350:h2219 | thelmj
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Table 2 | Study outcomes. Values are numbers (percentages) unless stated otherwise

All Bacteraemia

Trimethoprim- Effect estimate Trimethoprim- Effect estimate
Outcome sulfamethoxazole Vancomycin (95% Cl)* sulfamethoxazole Vancomycin (95% Cl)*
Treatment failure, day 7—ITTt 51/135 (38) 32/117 27) 1.38 (0.96 t0 1.99) 23/41 (56) 20/50 (40) 1.40 (0.91 to 2.16)
Treatment failure, day 7—PPt 37/110 (34) 26/96 (27) 1.24 (0.82t0 1.89) 17/33 (52) 15/42 (36) 1.44 (0.85t0 2.44)
All cause mortality, 30 days—ITTt 19/135 (14) 13/117 (11) 1.27 (0.65 to 2.45) 14/41 (34) 9/50 (18) 1.90 (0.92 t0 3.93)
All cause mortality, 30 days—PPt 12/110 (11) 10/96 (10) 1.05 (0.47 to 2.32) 9/33 (27) 6/42 (14) 1.91 (0.76 to 4.82)
Treatment failure or modification® 59/135 (42) 45/117 (38) 114 (0.84 t0 1.53) 24/41 (59) 21/50 (42) 1.39 (0.92t0 2.11)
Bacteraemia duration >48 h 11/135 (8) 15/117 (13) 0.64(0.3t01.33) 11/41 (27) 15/50 (30) 0.89 (0.46 t0 1.73)
Bacteriological failure, day 7 10/135 (7) 4/117 (3) 217 (0.7t0 6.73) 6/41 (15) 4/50 (8) 1.83 (0.55 to 6.05)
Hospital admission duration§ 14 (11.6 to 16.4); 15 (14.5 to 15.5); -1 (~4.36102.36) 15 (71 t0 22.9); 18 (8.6 to 27.4); -3 (=11.62 t0 5.62)

(n=117) (n=102) (n=29) (n=39)
Fever duration§ 1(0.5t01.5); (1=132) 1(1to1); (n=114)  0(-0.49 to 0.49) 2 (1.5 t0 2.5); (n=40) 2(1to3); (n=48) 0(-0.7t00.7)
Resistance development{ 5/135 (4) 6/117 (5) 0.72 (0.23t0 2.31) — — —

*Risk ratios (95% Cl) presented for categorical variables and median differences (95% Cl) for continuous outcomes.
tITT=intention to treat; PP=per protocol analysis; all other outcomes reported by intention to treat.

$Failure at day 7 or deviation from assigned regimen in first seven days of treatment.

§Reported as median (95% Cl) days. Hospital admission duration reported only for patients discharged alive.

fl0ne patient in each group developed TMP-SMZ resistant MRSA isolate; three TMP-SMZ and five vancomycin patients developed carbapenem resistant enterobacteriaceae colonization;
no vancomycin intermediate or resistant S aureus or vancomycin resistant enterococcal isolates were found.

Bacteriological cure and adverse event rates did not
differ significantly between groups.

Our trial was pragmatic, targeting all patients
treated with vancomycin in clinical practice. We
defined no exclusion criteria related to severity of
background illness or sepsis. Exclusions were based
only on contraindications for trimethoprim-sulfame-
thoxazole (such as chronic haemodialysis) or previous
evidence suggesting inferiority of trimethoprim-sulfa-
methoxazole. We thus excluded left sided endocarditis
owing to an in vivo study of endocarditis in rabbits
showing lower survival and vegetation sterilisation
and higher bacterial load on vegetations with
trimethoprim-sulfamethoxazole compared with van-
comycin and other antibiotics.?? We excluded patients
with MRSA meningitis owing to inferiority of tri-
methoprim-sulfamethoxazole to nafcillin in an exper-
imental model of meticillin susceptible S aureus
meningitis and lack of evidence in MRSA, despite
good penetration of trimethoprim-sulfamethoxazole
to the brain.® 3* We originally intended to recruit
patients with non-microbiologically documented,

Table 3 | Adverse events. Values are numbers (percentages) unless stated otherwise

highly probable MRSA infections. However, in prac-
tice, we found identifying such patients prospectively
difficult and practically the trial included only
patients with microbiologically confirmed MRSA
infections. The main reason precluding inclusion of
patients was inability to obtain informed consent at
the time of acute sepsis. In Israel, regulations allow
only legal guardians to replace patients’ informed
consent (informed consent from relatives is not
allowed), and with acute conditions most patients did
not have an appointed legal guardian.

Comparison with other studies

Few randomised controlled trials have assessed the
effectiveness of trimethoprim-sulfamethoxazole for
the treatment of staphylococcal infections. A single
randomised controlled trial compared trimetho-
prim-sulfamethoxazole against vancomycin for staph-
ylococcal infections.”? The trial randomised 228
intravenous drug users with suspected staphylococcal
infections and analysed 101 with proven infections (54

Table 4 | Multivariate analysis for treatment failure

Treatment failure at day 7: odds ratio

Trimethoprim- (95% CI)*
Adverse event sulfamethoxazole  Vancomycin Risk ratio (95% Cl) Verfela Univariate Multivariate
Any 39/132 (30) 26/115 (23) 1.31(0.85t02.01) Age 102 (1101.03) 1,01 (0.99 t0 1.03)
Requiring discontinuation 14/132 (11) 8/115 (7) 1.52 (0.66 t0 3.5) Charlson score 124 (1.09t01.42) 115 (0.99 t0 1.35)
RIFLEGey 7 (1=108) (n=100) Bedriddent 1.96 (106 t03.65) 0.80 (0.36 0 1.76)
Mo 90 (83) 86 (86) Reference Chronic obstructive 216 (105 t0 4.45)  0.76 (0.30 t0 1.90)
Risk 76) 22 3.18 (0.68 t0 14.88) pulmonary disease
Injury 1 (10) 88 1.28 (0.54 10 2.04) Previous operation# 0.49 (0.28 10 0.83) 0.52 (0.28 t0 0.96)
Failure 0 4 (4) Not assessed Mechanical ventilationt  5.98 (2.49to 14.3)  5.02 (1.62 to 15.6)
RIFLE risk, injury, or failure, day 7* 18/108 (17) 14/100 (14) 1.19 (0.63 t0 2.26) SOFA scoret 1.41 (1.2 10 1.66) 115 (0.94 to 1.40)
RIFLE day 30*: (n=87) (n=86) Bacteraemia 2.71 (15710 4.67)  2.24 (1.20 t0 4.18)
None 75 (86) 68 (79) Reference Trimethoprim- 1.61(0.94t02.75)  2.00 (1.09 to 3.65)
Risk 2(2 4 (5) 0.47 (0.09 to 2.48) sulfamethoxazole arm
Injury 303) 10 (12) 0.3 (0.09to 1.05) SOFA=Sequential Organ Failure Assessment.
Failure 7 4 (5) 1.54 (0.47 to 5.04) *Hosmer-.Lemeshow P=0.08; area under receiver operating
—— - characteristics curve 0.75 (95% Cl 0.68 to 0.82).
RIFLE risk, injury, or failure, day 30* 12/87 (14) 18/86 (21) 0.66 (0.34101.28) tVariables documented at infection onset; SOFA analysed as continuous
Any rash 12/132 (9) 12/115 (104) 0.87 (0.41 t0 1.86) variable.
Diarrhoeat 12/132 (9) 11/115 (10) 0.95 (0.44 t0 2.07) #In 30 days before infection.
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with meticillin susceptible S aureus and 47 with
MRSA). Vancomycin was superior to trimethoprim-sul-
famethoxazole among patients with meticillin suscep-
tible S aureus infections, but no differences were
observed for patients with MRSA. Specifically, bacter-
aemia duration (total 57 patients) was longer with tri-
methoprim-sulfamethoxazole treatment for meticillin
susceptible S aureus (7.8 v 3.5 days; P=0.05) and similar
for MRSA (5.2 v 5.6 days). The authors concluded that
trimethoprim-sulfamethoxazole is a valuable alterna-
tive for the treatment of MRSA infections, unlike the
conclusions of our study. However, the study included
significantly younger and less ill patients, with a sin-
gle death compared with the 13% mortality rate in our
study. In a recent randomised controlled trial, tri-
methoprim-sulfamethoxazole combined with rifam-
pin was compared with linezolid in the treatment of
MRSA infections (bacteraemia in 18/150 (12%) and
mortality in 14/150 (9%)), showing no differences in
failure/relapse rates or mortality.’> Among 50 patients
with chronic meticillin susceptible S aureus osteomy-
elitis randomised to trimethoprim-sulfamethoxaz-
ole-rifampin versus oxacillin, long term outcomes
were similar and patients allocated to trimetho-
prim-sulfamethoxazole-rifampin had a significantly
shorter hospital stay (median 51 v 31 days).* Finally,
trimethoprim-sulfamethoxazole was not significantly
different from doxycycline for uncomplicated skin and
soft tissue infections in a small randomised controlled
trial assessing 22 patients with MRSA.3¢

The main treatment options for MRSA infections
other than vancomycin (or teicoplanin) and trimetho-
prim-sulfamethoxazole include linezolid, tedizolid,
telavancin, dalbavancin, oritavancin, daptomycin,
tigecycline, and ceftaroline.?” Most of the new antibi-
otics were evaluated for the treatment of skin and
soft tissue infections in randomised controlled trials.
Mortality was rarely assessed in these trials and
when reported was very low (usually <1%). Few ran-
domised controlled trials targeted infections other
than skin and soft tissue infections, and most did not
include only MRSA. Daptomycin was non-inferior to
standard therapy in a randomised controlled trial
including 245 patients with S aureus bacteraemia, of
whom 89 had MRSA bacteraemia and were treated
with daptomycin or vancomycin.?® The overall mor-
tality was 11%. Similar efficacy and safety for was
shown for linezolid and vancomycin in nosocomial
pneumonia, and the mortality rate in these trials was
14%.3° Tigecycline was non-inferior to vancomycin in
a randomised controlled trial including 156 patients
with invasive MRSA infections, but most were skin
and soft tissue infections (mortality rate 5%).%° Tela-
vancin was non-inferior to vancomycin in hospital
acquired pneumonia (293 patients with MRSA, over-
all mortality in the study 19%).# Compared with
these trials, ours included a larger group of patients
with MRSA bacteraemia and a sicker cohort overall,
as evidenced by the mortality rates, more closely
reflecting patients treated with MRSA infections in
clinical practice.

RESEARCH

Limitations of study

The main limitation of our trial is the small sample size
of patients with bacteraemia, in whom results suggest
an important advantage for vancomycin. No statisti-
cally significant differences were observed between
groups at baseline for nearly all variables. However, a
subtle difference existed for important prognostic vari-
ables, and more patients allocated to vancomycin were
bacteraemic. Multivariable analysis of the entire study
cohort showed a larger advantage of vancomycin with
regard to treatment failure, reaching statistical signifi-
cance. Patients with polymicrobial infections and
receiving additional antibiotics were included in the
study, reflecting its pragmatic nature. However, these
were mostly inactive against MRSA and concomitant
antibiotics covering MRSA were not allowed at rando-
misation. Patients excluded owing to inability to pro-
vide informed consent had higher severity of illness
scores than those included, affecting the trial’s exter-
nal validity. Finally, the dosing of vancomycin and
trough levels achieved (=15 pug/mL in only 67% of
patients) were lower than currently recommended,2°
potentially resulting in an underestimation of the effi-
cacy of vancomycin and the difference between arms.

Conclusion

Trimethoprim-sulfamethoxazole did not achieve
non-inferiority compared with vancomycin among
patients with invasive MRSA infections. In the sub-
group of patients with bacteraemia, the difference in
treatment failure and all cause mortality might be clin-
ically important. Trimethoprim-sulfamethoxazole
should not be used for the treatment of severe MRSA
infections. We propose a further randomised con-
trolled trial to examine the feasibility of step-down
from vancomycin to trimethoprim-sulfamethoxazole,
allowing early discharge of patients with MRSA
responding to treatment.
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