Eur J Clin Microbiol Infect Dis (2008) 27:445-450
DOI 10.1007/s10096-007-0458-2

ARTICLE

Methicillin-resistant versus methicillin-sensitive
Staphylococcus aureus infective endocarditis

E. E. Hill - W. E. Peetermans - S. Vanderschueren -
P. Claus - M.-C. Herregods - P. Herijgers

Received: 10 September 2007 / Accepted: 30 December 2007 /Published online: 26 January 2008

© Springer-Verlag 2008

Abstract The incidence of methicillin-resistant Staphylococcus
aureus (MRSA) infective endocarditis (IE) is increasing. This
study compared clinical characteristics and mortality in patients
with methicillin-sensitive S. aureus (MSSA) IE versus MRSA
IE, based on a prospectively collected series of 72 consecutive
patients with definite S. aureus IE according to the modified
Duke criteria between June 2000 and December 2006. Sixteen
of 72 IE patients (22%) were caused by MRSA. Nosocomial
origin, surgical site infection, surgery in the previous 6 months,
the presence of a catheter and persistent bacteremia were
significantly associated with MRSA. MSSA patients had
significantly more unknown origin of bacteremia and experi-
enced a significantly higher rate of major embolism than
MRSA patients. MSSA patients underwent more frequently
combined surgical and antimicrobial therapy, and MRSA
patients were treated more frequently with antimicrobial
therapy due to a contraindication to surgery. The 6-month
mortality was higher in patients with MRSA than MSSA. In
the MSSA group treated with antimicrobial therapy without an
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indication to surgery, all patients survived, and in the combined
surgical and antimicrobial group 29% died. The mortality in
MRSA patients was lowest if combined surgical and antimi-
crobial therapy was performed. Both in MSSA and MRSA
patients with antimicrobial therapy due to a contraindication to
surgery, the mortality was extremely high. These data suggest
that in S. aureus IE patients with a nosocomial origin, the
presence of a catheter or recent surgery, initial therapy should
include antimicrobial agents active against MRSA. Antimicro-
bial therapy alone with close monitoring of the therapeutic
effect and signs of complicated course is an acceptable
approach in selected patients with MSSA IE. Denial of surgery
because of local or general factors in patients that meet criteria
for surgical intervention in acute IE is prognostically ominous.

Introduction

Despite progress in diagnostic and therapeutic strategies,
infective endocarditis (IE) is still associated with a high
overall mortality rate of 20-25% [1]. Staphylococcus aureus
has emerged as the most common cause of IE [2—6], and is
associated with a worse prognosis compared to other
microorganisms. Worldwide, rates of methicillin-resistant S.
aureus (MRSA) IE are increasing. Only a few series have
compared clinical features and outcome in patients with
MRSA IE versus methicillin-sensitive S. aureus (MSSA) IE
[4, 7, 8]. The current investigation reports the 6.5-year
experience of a single tertiary care center with 72 consecu-
tive patients with S. aureus IE, comparing clinical character-
istics and mortality in MSSA IE versus MRSA IE. We
focused on the therapeutic approach, and evaluated the role
for antimicrobial therapy alone, with close monitoring of the
therapeutic effect and signs of complicated course in patients
with MSSA IE and MRSA IE.
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Patients and methods
Patient selection

From June 2000 to December 2006, consecutive patients
older than 16 years, with definite S. aureus IE according to
the modified Duke’s criteria [9], were prospectively
registered in a database [5]. Patients were treated according
to the American Heart Association guidelines [10, 11], with
predefined indications for surgical intervention [12].

Definitions

The portal of entry was defined as a localized focus of S.
aureus infection preceding bacteremia (cutaneous origin,
catheter-related, surgical site infection, versus unknown
origin). The portal of entry was catheter-related if the
culture of the catheter tip was positive for S. aureus.
Catheters were divided into short-term and long-term
catheters. Long-term catheters included a Port-a-cath, a
Groshong or a Hickmann catheter. Other central venous
catheters were defined as short-term catheters [13, 14].

Nosocomial IE was defined as an infection occurring
more than 72 hours after admission to the hospital, or IE
acquired in association with a significant invasive proce-
dure performed during a recent hospitalization <8 weeks
prior to the index hospitalization [15, 16].

The nidus of infection included a prosthetic valve, native
valve or other localization of IE.

The presence of foreign material included a catheter,
prosthetic valve, pacemaker, orthopedic prosthesis or
vascular prosthesis.

Underlying conditions included surgery in the previous
6 months, a pre-existing valvular disorder, prior IE,
diabetes mellitus, neoplasm, hepatic cirrhosis, immunosup-
pression and hemodialysis.

A pre-existing valvular disorder was defined as degen-
erative or rheumatic valvular disease, bicuspid aortic valve
or mitral valve prolapse.

Complications included major embolism, minor embo-
lism, heart failure, septic shock, cardiovascular shock and
metastatic infection. Major embolic events were defined as
cerebral involvement or peripheral involvement (the limbs,
spleen, kidneys or lungs). Minor embolic events included
septic emboli at fundoscopic examination (retinal emboli)
or cutaneous embolization (skin emboli).

Metastatic infection included septic arthritis, spondylo-
discitis and abscess formation in soft tissue.

Persistent fever or persistent bacteremia was defined as
fever or positive blood cultures respectively, more than
48 hours after initiation of adequate antimicrobial therapy.
Adequate antimicrobial therapy was defined as in
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vitro sensitivity of S. aureus and adequate dosage of
the antibiotic.

Therapy

Treatment modality was divided into combined surgical and
antimicrobial therapy, antimicrobial therapy without an
indication to surgery and antimicrobial therapy due to a
contraindication to surgery. Indications for cardiac surgery
included severe valvular dysfunction with heart failure,
severe valvular dysfunction without heart failure, abscess or
perivalvular extension, failure of conservative medical
treatment, and large vegetations with high risk of emboli-
zation or (recurrent) embolization during antibiotic treat-
ment. Contraindications to cardiac surgery included major
cerebrovascular events with hemorrhagic aspect on CT
scan, history of multiple and technically difficult cardiac
surgical procedures with inoperability defined during the
previous surgery, high operative risk because of cardiopul-
monary status, and a poor prognosis for other comorbid
conditions e.g. palliative setting.

IE mortality was defined as death attributable to the
infection or infection related sequellae.

Data collection

The following data were prospectively collected: epidemi-
ological features including age, gender, nosocomial or
community origin of IE, the nidus of infection, methicil-
lin-resistant or -sensitive S. aureus. The portal of entry,
underlying conditions, persistent fever and persistent
bacteremia were registered. Complications before and
during the IE course, including major and minor embolism,
heart failure, septic shock, cardiovascular shock and
metastatic infection, were noted. IE-related mortality within
the 6-month follow-up was assessed.

Statistical analysis

Continuous data were presented as medians and interquar-
tile ranges (IQR), unless stated otherwise. Continuous
variables were compared with the Mann-Witney U-test
and categorical variables with the chi-squared test or
Fisher’s exact test. The patient variables that were analysed
in univariable analysis included age, MRSA, gender, the
nidus of infection, the origin of IE, the portal of entry,
underlying conditions, the presence of a foreign body,
persistent fever, persistent bacteremia, treatment modality,
complications and outcome. The significance level was P<
0.05. All reported P values were two-sided. Statistical
analysis was performed with the SPSS software package
(version 10.0, Chicago, IL, USA).
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Results
Patient characteristics

Seventy-two consecutive S. aureus IE patients were
included. Of these patients, 16 (22%) were caused by
MRSA and 56 (78%) by MSSA. The median age of
patients with MSSA IE was 67 years (IQR, 50-73) and of
patients with MRSA IE 68 years (IQR, 63-75, P=NS).
Epidemiological and clinical characteristics of MSSA
versus MRSA IE are presented in Table 1. Four of 16
MRSA IE episodes (25%) were of community origin.
MSSA IE patients had significantly more unknown origin
of bacteremia. MRSA IE involved more frequently pros-
thetic valves, whereas MSSA IE preferentially affected
native valves. There was no significant difference in aortic
or mitral valve involvement between MRSA and MSSA
patients. In univariable analysis, MRSA IE was significant-
ly associated with a surgical site infection, surgery in the
previous 6 months, the presence of a catheter and
nosocomial infection. Persistent bacteremia was encoun-
tered in 19 patients (26%), and occurred significantly more
often in MRSA patients. Other variables significantly
associated with persistent bacteremia included a nosocomial
origin of IE (P=0.03), surgery in the previous 6 months (P=
0.04), the presence of a catheter (P=0.005) and a surgical
site infection (P=0.002). Age, gender, prosthetic or native
valve IE, any underlying condition, a cutaneous, unknown
or catheter-related portal of entry, a pre-existing valvular
defect, the presence of a valvular, orthopedic or vascular
prosthesis or pacemaker were not associated with persis-
tent bacteremia.

Complications

Table 2 shows data on complications in MSSA and MRSA
patients. MSSA patients experienced a significantly higher
rate of major and minor embolic complications than
MRSA patients. We investigated whether there was an
association between vegetation length and MRSA IE,
since only one MRSA patient experienced a major
embolism. Transoesophageal echocardiography (TEE)
showed a vegetation size of >10 mm in 63% of MRSA
patients versus in 57% of MSSA patients (P=0.7).

Treatment

The therapeutic approaches to MSSA and MRSA IE
patients were significantly different: MSSA patients under-
went more often combined surgical and antimicrobial
therapy than MRSA patients (68% versus 38%, P=0.03)
and MRSA patients were treated more frequently with

Table 1 Clinical characteristics of MSSA versus MRSA, univariate
analysis

MSSA IE MRSA IE P
(n=56) (n=16)

Patient characteristics

Age (mean=SD, years) 61+17 67+8 0.4
Male gender 27 (48) 9 (56) 0.6
Nosocomial origin 18 (32) 12 (75) 0.003
Portal of entry

Cutaneous 50) 1 (6) 1.0
Unknown 43 (77) 8 (50) 0.04
Catheter-related 4(7) 1 (6) 0.9

Long-term 2 (4) 0 (0)

Short-term 2 (4) 1 (6)

Surgical site infection 4(7) 6 (38) 0.006
Underlying conditions

Pre-existing valvular defect 30 (54) 7 (44) 0.5
Prior IE 509 1 (6) 0.7
Immunosuppression 6 (11) 1 (6) 1.0
Diabetes mellitus 11 (20) 2 (13) 0.7
Cancer 4(7) 1 (6) 1.0
Liver cirrhosis 2 (4) 0 (0) 1.0
Hemodialysis 1(2) 2 (13) 0.1
Surgery <6 months 12 (21) 12 (75) <0.001
Foreign body

Any 34 (61) 13 (81) 0.1
Catheter 12 (21) 8 (50) 0.02

Long-term 4(7) 0 (0)

Short-term 8 (14) 8 (50)

Orthopedic prosthesis 4(7) 3(19) 0.2
Vascular prosthesis 1(2) 2 (13) 0.1
Prosthetic heart valve 20 (6) 8 (50) 0.3
Pacemaker 8 (14) 531 0.1
Clinical and microbiological factors

Persistent fever 11 (20) 531 0.3
Persistent bacteremia 10 (18) 9 (56) 0.002
Valve location

Aortic 15 (27) 5(31) 0.7
Mitral 37 (66) 8 (50) 0.2
Tricuspid 1(2) 3(19) 0.03
Nidus of infection

Prosthetic valve 17 (30) 7 (44) 0.3
Native valve 35 (63) 7 (44) 0.2
Other localization 4(7) 2 (13) 0.6

antimicrobial therapy due to a contraindication to surgery
than MSSA patients (44% versus 13%, P=0.005). Seven of
14 patients with MRSA IE had a contraindication to
surgery: prior technically difficult cardiac surgery in two,
and comorbidities and poor general health in five. Seven of
54 patients with MSSA IE had a contraindication to
surgery: complicated cerebral embolism in three, multi-
organ failure in two, and poor general health and prior
technically challenging cardiac surgery, in one patient each.
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Table 2 Complications in MSSA and MRSA patients, univariate
analysis

MSSA 1E MRSA IE P

(n=56) (n=16)
Major embolism 22 (39) 1 (6) 0.01
Minor embolism 14 (25) 0 (0) 0.03
Heart failure 20 (36) 5 @31 0.7
Septic shock 17 (30) 4 (25) 0.8
Cardiovascular shock 8 (14) 0 (0) 0.2
Metastatic infection 8 (14) 1 (6) 0.7

The rate of antimicrobial therapy without an indication to
surgery was similar between MSSA and MRSA patients
(20% and 19%, P=1.0).

Mortality

The overall 6-month mortality rate of patients with S. aureus
IE was 26/72 (36%). There was a trend towards higher
mortality in patients with MRSA than with MSSA (56%
versus 30%, P=0.06). The mortality rate in community-
acquired MRSA patients was 1/4 (25%) versus 8/12 (67%)
in nosocomial MRSA patients (P=0.3). Mortality rates
according to MSSA IE versus MRSA IE and to the treatment
modality are presented in Table 3. In MSSA patients with
antimicrobial therapy without an indication to surgery, the
mortality rate was zero, and in patients with combined
surgical and antimicrobial therapy 29%. In patients with
MRSA, the mortality rate was 17% in the combined surgical
and antimicrobial group, and 33% in the antimicrobial group
without an indication to surgery. Both in MSSA and MRSA
patients with antimicrobial therapy due to a contraindication
to surgery, the mortality rate was extremely high, specifically
86% and 100% mortality respectively.

Discussion

Over the past decades, S. aureus has become the most
frequent microorganism causing IE. Rates of MRSA are
increasing as well, varying from 24% to 51% in recent
series [4, 5, 7, 8, 17]. The present study compared clinical

characteristics and mortality of 56 MSSA IE patients versus
16 MRSA IE patients, and focused on the therapeutic
approach.

The clinical profile of MRSA and MSSA IE patients was
different. In particular, patients with MRSA were more
likely to have nosocomial IE and MSSA patients commu-
nity-acquired IE. However, one fourth of MRSA cases were
of community origin as well. MRSA IE was more likely to
occur in patients with surgery in the previous 6 months, a
surgical site infection and the presence of a catheter. MRSA
patients had more frequently persistent bacteremia and
MSSA patients experienced higher rates of major embo-
lism, findings consistent with previous studies [4, 7, 8, 17].
The reason for the persistence of MRSA bacteremia may be
due to the slow eradication of MRSA by vancomycin.
Levine et al. found that a slow clinical response was
common among patients with MRSA IE who were treated
with vancomycin or vancomycin plus rifampin [18]. Yoon
et al. showed that the use of vancomycin was associated
with persistent bacteremia, albeit non-significantly [7].
Vancomycin is nowadays still the recommended therapy
for MRSA IE [11]. However, this recommendation may be
challenged, as new agents and combination therapies are
studied. MSSA patients experienced significantly higher
rates of major embolism than MRSA patients. We investi-
gated whether the reason for this finding was due to the
vegetation size, but no difference in vegetation length was
found between patients with MRSA and MSSA IE. Several
investigators have demonstrated that systemic bacterial
infections constitute an independent risk factor for embo-
lism, even in the absence of cardiac involvement. About
10% of bacteremic patients without IE will develop stroke
within 1 month of the onset of bacteremia. The mechanisms
which could cause thrombo-embolic complications in septic
patients are numerous, but activation of the coagulation
system is probably the most important [19, 20]. Vaudaux
et al. described that, in vitro, some MRSA strains were
defective in the production of major surface components
such as clumping factor (fibrinogen-binding protein). All
strains containing an intact mec element (methicillin resis-
tance) in their chromosomes were found to be defective in
adhesion to fibrinogen and fibronectin [21]. Measurement of
cell clumping confirmed the lack of the fibrinogen-binding
protein-mediated agglutination in the methicillin-resistant

Table 3 Mortality in MSSA

Antimicrobial therapy due to a
contraindication to surgery

Antimicrobial therapy without
an indication to surgery

and MRSA according to the Treatment  Combined surgical and
treatment modality, rate antimicrobial therapy
(per cent)

Mortality

MSSA 10/36 (29)

MRSA 1/6 (17)

0/11 (0)
1/3 (33)

6/7 (86)
7/7 (100)
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transformants. Vaudaux et al. [21] concluded that methicillin
resistance altered functional surface expression of fibrinogen
and fibronectin adhesins. These findings may offer an
explanation for the low incidence of embolism in patients
with MRSA.

In this series, patients with MSSA were nearly twice
more likely to undergo combined surgical and antimicrobial
therapy than MRSA patients, an incidence similar to the
one reported by Hsu et al. [17]. Fowler et al. showed
similar rates of combined surgical and antimicrobial therapy
in MSSA (38%) and MRSA (39%) patients [4]. The most
favorable outcome in MSSA patients was found in
association with antimicrobial therapy without an indication
to surgery, suggesting that there exists a role for watchful
waiting in these patients. In patients with MRSA, the
outcome was most beneficial in association with combined
surgical and antimicrobial therapy. Reasons for inoperabil-
ity differed between MSSA and MRSA patients. In
particular, MRSA patients had mostly prior technically
difficult cardiac surgery or an (underlying) unfavorable
(comorbid) condition while MSSA patients had mostly
complicated cerebral embolism or multiorgan failure.

The mortality rate in patients with MRSA IE was 56%,
comparable with data from the literature (50-55%) [7, 17].
The highest mortality rate was registered in nosocomial
MRSA patients (67%). Mortality in community-acquired
MRSA patients was lower (25%) and resembled more the
mortality rate of MSSA IE patients. In agreement with
previous studies [4, 7, 8], this study revealed a trend
towards higher mortality in patients with MRSA IE than in
those with MSSA IE. The reason for this finding may be
due to the higher number of MRSA patients with
antimicrobial therapy due to a contraindication to surgery,
associated with an extremely unfavorable prognosis.

In conclusion, MRSA as the etiologic microorganism
should be suspected in patients with S. aureus 1IE of a
nosocomial origin, who underwent surgery in the preceding
6 months or have a catheter or a surgical site infection. In
this setting, empirical treatment with antimicrobial therapy
active against MRSA should be initiated. Daily blood
cultures should be taken since in our study MRSA IE was
significantly associated with persistent bacteremia. Septic
embolism was caused mainly by IE due to MSSA, and this
may be partly explained by the fact that methicillin
resistance alters functional surface expression of fibrinogen
and fibronectin adhesins. A trend towards higher mortality
in patients with MRSA than in MSSA was found.
Antimicrobial therapy due to a contraindication to surgery
was associated with extreme high mortality. Despite a high
operative risk, surgeons should consider proceeding with
surgery, if criteria for surgical intervention are fulfilled. S.
aureus IE patients with the worst prognosis may benefit
from cardiac surgery to improve outcome.
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