
A B S T R A C T

The Working Party on Antibiotic Policy (Dutch acronym is
SWAB) is a Dutch organisation that develops guidelines
for in-hospital antimicrobial therapy of bacterial infectious
diseases. This present guideline describes the antimicrobial
treatment for adult patients with infective endocarditis. The
choice and duration of antimicrobial therapy is determined
by the infecting micro-organism, sensitivity of this
micro-organism for antimicrobial therapy, location of the
endocarditis, left-sided or right-sided, and presence of
intracardial prosthetic material. In this guideline, the
empirical therapy for endocarditis is discussed as well as
the therapy for the most frequent causative organisms:
streptococci, enterococci, staphylococci and HACEK
micro-organisms

The Stichting Werkgroep Antibioticabeleid (the Working

Party on Antibiotic Policy) or SWAB develops guidelines

for intramural use of antibiotics, the aim being to optimise

antibiotic therapy to contribute to preventing resistance

and to achieving better management of the costs and the

use of antibiotics in the Netherlands. The guidelines apply

for adult patients in hospital. For guidelines for children,

see ‘Blueprint for paediatric antimicrobial therapy’. 

The guidelines are based on the following important

criteria for the use of antibiotics: the indications for the

prescription are correct, therapy is directed against the

presumed causative agent or, preferably, the demonstrated

causative agent, the drug is administered at the proper

time and therapy is not unnecessarily prolonged because

a drug with the smallest possible spectrum, which is as

safe and inexpensive as possible, is administered via the

preferred route.

The guideline for endocarditis has been written 

according to the principles of ‘evidence-based medicine’

(M. Offringa, W.J.J. Assendelft, R.J.P.M. Scholten,

Inleiding in evidence-based medicine. Bohn Stafleu van

Loghum 2000). The various levels of proof are defined in

table 1. Due to the low incidence of endocarditis, large

randomised clinical studies on the effect of the various

therapies are scarce. This and other guidelines are, there-

fore, partly based on the experience of experts obtained

with relatively small numbers of patients as well as on

experimental animal studies. A shorter report in Dutch

will be published in the Nederlands Tijdschrift voor

Geneeskunde.
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E P I D E M I O L O G Y

In the Netherlands, there are at least 250 cases of infective

endocarditis (IE) a year.2,3 The largest proportion of these

patients has a community-acquired infection. The number

of nosocomial cases of endocarditis is unknown but

endocarditis as the result of an intravascular catheter-

associated bacteraemia is not uncommon.4-6 The disease

occurs twice as often among men than women and the

incidence clearly increases with age. Approximately half

of adult patients are previously known to have a cardiac

abnormality which predisposes to endocarditis. In

decreasing order of frequency, the most common predis-

posing abnormalities are mitral valve prolapse with mitral

insufficiency, degenerative abnormalities of the aorta and

mitral valve, congenital abnormalities of the heart and

rheumatic valve abnormalities. Before the introduction of

antibiotics, mortality for endocarditis was 100%. Even today,

endocarditis is a severe condition which is characterised

by a high morbidity and mortality: approximately 20% of

patients die during hospital admission.

C L A S S I F I C A T I O N  A N D  C A U S A T I V E
M I C R O - O R G A N I S M S

For infective endocarditis a distinction is made between

an acute and a subacute course and between IE of a

native cardiac valve and a prosthetic valve. Acute IE is a

fulminating disease which is often accompanied by rapid

destruction of the valve and perivalvular and/or metastatic

abscesses. It is caused by virulent micro-organisms, such

as Staphylococcus aureus, and it often develops on what

was a normal cardiac valve. Subacute endocarditis usually

develops on a previously damaged cardiac valve due to

relatively avirulent micro-organisms such as viridans

streptococci. The course is slow and metastatic abscesses

are rare. Endocarditis on a native cardiac valve in individuals

who are not intravenous drug-users is almost always left-

sided and is usually caused by Gram-positive cocci, such as

viridans streptococci (60%), S. aureus (20%) or enterococci

(10%).7 In patients over 60 years of age endocarditis is

caused by S. bovis in 10% of cases. Endocarditis caused

by S. bovis is accompanied in about 45% of cases by

abnormalities of the digestive tract, in particular colon

carcinoma and villous adenoma.8,9

In intravenous drug-users endocarditis usually develops on

the right side of the heart and is then caused by S. aureus

in two-thirds of the cases.10-12 Other causative agents among

drug addicts are Pseudomonas aeruginosa, enterococci and

Candida species. Polymicrobial infections occur regularly

in drug-users.13-15

Prosthetic valve endocarditis (PVE) is classified according

to the time since implantation of the valve. When the

infection develops within two to three months of surgery,

it is called early PVE. The infection is then usually the

result of contamination during the operation or a central

venous catheter infection. The most important causative

agents of early PVE are S. epidermidis and to a lesser extent

S. aureus and Gram-negative aerobic micro-organisms.

After the period of two to three months, the condition is

called late PVE; in this case the causative agents are similar

to those found for endocarditis of a native cardiac valve.

Gram-negative micro-organisms can be isolated in about

5% of cases of endocarditis. In the past they were mainly

Salmonella species; with modern culture techniques, mainly

slow-growing bacteria such as Haemophilus species,

Actinobacillus actinomycetemcomitans, Cardiobacterium

hominis, Eikenella corrodens and Kingella species (HACEK)

are seen.16

M I C R O B I O L O G I C A L  D I A G N O S T I C S  

For the specific aetiological diagnosis of IE, the causative

micro-organism must be demonstrated. Although in IE the

number of bacteria in blood is often low, the bacteraemia

is usually continuous so that often all blood cultures will

be positive. For differentiation between contamination and

endocarditis, it is recommended that separate samples be

taken from peripheral vessels at intervals of at least 15

minutes, three blood cultures being obtained in the first

24 hours and eventually again on the second day. If the

patient has already received antibiotic therapy beforehand,

incubation of the blood cultures should last longer. Also

for isolation of HACEK bacteria, longer incubation of the

blood culture is needed. In some cases of endocarditis the

bacteria can be cultured from septic embolisms or from

material sampled during surgery or autopsy.17 Serological
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Table 1
Explanation of the levels of proof according to the principles
of evidence-based medicine

A1 Meta-analyses which cover at least several studies on the A2 
level, whereby the results of the separate studies were consistent

A2 Randomised comparative clinical study of good quality 
(randomised, double-blind controlled trials) of sufficient 
scope and consistency

B Randomised clinical trials of moderate quality or of insufficient
scope or other comparative studies (nonrandomised, cohort 
studies, case-control studies)

C Noncomparative studies

D Expert opinion, for example members of work groups

Classification of literature according to the degree of proof (CBO
Handleiding voor werkgroepleden, 2000. www.cbo.nl).
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and molecular biological studies can help establish the

diagnosis of, for example, Coxiella species, Brucella

species, Chlamydia species, Bartonella species and

Tropheryma whippelii.18-24

As a result of modern microbiological techniques, the

percentage of patients with culture-negative endocarditis

has decreased to less than 5%. Culture-negative endo-

carditis is the result of antimicrobial therapy before the

blood samples were collected in more than 50% of cases.17,25

Finally the differential diagnosis for culture-negative

endocarditis must also include noninfectious conditions,

such as systemic lupus erythematosus, Loeffler’s endo-

carditis and myxoma.26,27

T H E R A P Y  

In these guidelines, we will limit ourselves to the anti-

microbial treatment of IE and we will not consider the

indications for surgery. In all patients with IE, the cardio-

thoracic surgeon must be consulted at an early stage,

especially in patients with complications or with a pros-

thetic valve. 

In these guidelines antimicrobial therapy is presented for

the most common causative agents of endocarditis: veridans

streptococci, S. bovis, enterococci, S. aureus, S. epidermidis

and the HACEK group. For the treatment of less common

causative agents, there is insufficient data available to

provide a basis for guidelines.

The empirical therapy is presented in table 2. For acute

endocarditis, immediate empirical therapy is always indi-

cated, but never before three blood samples have been

collected at 15-minute intervals. For the subacute form,

one can wait in most cases for determination of the

bacteria, after which specific therapy can be initiated. 

P R I N C I P L E S  O F  T R E A T M E N T

Within the vegetation, micro-organisms are often present in

high concentrations (109 CFU/gram),28 in a metabolically

inactive growth phase and surrounded by thrombocytes and

fibrin. As a result access is difficult for phagocytising cells

and the bacteria are relatively insensitive to antimicrobial

therapy. Antibiotics must therefore be bactericidal and

have to be administered in high doses intravenously for

prolonged periods. The choice and duration of antimicrobial

therapy are determined by the type and sensitivity of the

isolated micro-organism, the presence of a prosthetic valve,

localisation of the infection (right-sided or left-sided) and

the occurrence of complications such as intracardial

abscesses. In practice the sensitivity is given by the minimal

inhibitory concentration (MIC), which is the minimum

concentration of antibiotic that inhibits growth in vitro.

Several studies have described successful oral treatment

of endocarditis. These studies involved such small groups

of patients with a short follow-up and the selection of

patients who were eligible was so specific that we have

excluded this form of therapy from our considerations.29-32

Another new development is intravenous home treatment;

however in this case, too, the conditions for both the patient

and the required situation at home were so specific that

we will not discuss this form of therapy in this paper.33-35

On the basis of theoretical pharmacokinetic principles and

the results of experimental animal studies, some physicians

prefer continuous over intermittent administration of �-

lactam antibiotics for endocarditis. 

E V A L U A T I O N  O F  T H E  T H E R A P E U T I C
E F F E C T

Frequent and careful clinical observation is the best

way to evaluate the effect of treatment. The patient must

be examined at least once a day for signs of cardiac

decompensation or metastatic infections. In addition, the

initial microbiological response, in particular of S. aureus

infections, must be monitored by taking a blood culture

72 hours after initiation of treatment. Most patients with

IE become free of fever within three to five days, for those

with IE due to S. aureus, fever can last somewhat longer.

If fever persists for more than a week, this can be attributed

to perivalvular infection in most cases.36,37 When the fever

initially disappears and later recurs, then this is usually

attributable to hypersensitivity to the antibiotics used.

Other causes of persisting or recurrent fever are septic

embolisms and an infection of the intravenous entry route.

Verhagen, et al. Guidelines endocarditis.
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Table 2
Empirical therapy for endocarditis

ANTIBIOTIC DOSE

Native valve

Subacute onset and long-term course
Penicillin and 2.106 IU iv every 4 h
Gentamicin 3 mg/kg iv once daily 

Penicillin allergy
Vancomycin and 15 mg/kg iv every 12 h (max. 1 g every 12 h)
Gentamicin 3 mg/kg iv once daily 

Acute onset and fulminating course or iv drug-user
Flucloxacillin and 2 g iv every 4 h
Gentamicin 3 mg/kg iv once daily

Penicillin allergy:
Vancomycin and 15 mg/kg iv every 12 h (max. 1 g every 12 h)
Gentamicin 3 mg/kg iv once daily

Prosthetic valve 

Vancomycin and 15 mg/kg iv every 12 h (max. 1 g every 12 h)
Gentamicin 3 mg/kg iv once daily
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S T R E P T O C O C C I

Viridans streptococci and S. bovis cause 40 to 60% of all

cases of community-acquired endocarditis of the native

valve.1 The viridans streptococci are a heterogeneous

group of micro-organisms that form the normal flora of

the oropharyngeal cavity. The most important clinical

representatives are S. oralis (mitis), S. sanguis, S. mutans,

S. milleri and S. salivarius. S. bovis is a group D streptococcus;

endocarditis due to this micro-organism is often associated

with colorectal growths.8,9

The antimicrobial treatment of IE due to viridans strepto-

cocci and S. bovis is determined by the sensitivity of the

micro-organism for penicillin. A distinction is made

between 1) MIC ≤0.1 mg/l, 2) MIC >0.1 but <0.5 mg/l and

3) MIC >0.5 mg/l. Most of the viridans streptococci and

S. bovis have an MIC of <0.1 mg/l. For these micro-organisms

there are three different therapeutic regimens, all of which

have advantages and disadvantages (table 3).38-44 The oldest

therapy is the four-week course of penicillin only, which

has the advantage that the use of aminoglycosides with

their possible ototoxic and nephrotoxic effects is avoided.

The combination of a four-week regimen of penicillin

and two weeks of gentamicin is used if the IE has existed

for more than three months, if the infection has recurred

or if the IE is accompanied by complications. Several studies

have demonstrated that in uncomplicated endocarditis a

two-week regimen can also be adequate.42,43 There are,

however, a number of prerequisites that must be satisfied:

(table 3) (level of proof C).42,44 For the treatment of viridans

and bovis strains that exhibit a high resistance against

aminoglycosides (MIC >500 mg/l), see the section on

enterococci.

Viridans streptococci and S. bovis with a relative lack of

sensitivity to penicillin (MIC >0.1 but <0.5 mg/l) must be

treated with combination therapy consisting of four

weeks of penicillin and two weeks of gentamicin (table 3)

(level of proof D).38,40,44,45 Strains with an MIC ≥0.5 mg/l

must be treated as enterococci (table 4). 
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Table 3
Treatment of endocarditis caused by viridans streptococci
and S. bovis with MIC ≤0.1 mg/l of MIC >0.1 and <0.5
mg/l

ANTIBIOTIC DOSE DURATION

Native valve MIC <0.1 mg/l

Penicillin or 2.106 IU iv every 4 h 4 weeks

Penicillin and 2.106 IU iv every 4 h 4 weeks

Gentamicin or 3 mg/kg iv once daily 2 weeks

Penicillin and 2.106 IU iv every 4 h 2 weeks*

Gentamicin 3 mg/kg iv once daily 2 weeks*

Penicillin allergy

Ceftriaxone** or 1 dd 2 g iv or IM 4 weeks

Vancomycin 15 mg/kg iv every 12 h 4 weeks
(max. 1 g every 12 h) 

Native valve MIC ≥0.1 and <0.5 mg/l

Penicillin and 2.106 IU iv every 4 h 4 weeks

Gentamicin 3 mg/kg iv once daily 2 weeks

Penicillin allergy See above but plus two weeks 
gentamicin 3 mg/kg iv once daily

Prosthetic valve MIC <0.1 mg/l and MIC ≥0.1 and <0.5 mg/l

Penicillin and 6 dd 2.106 IU iv 6 weeks

Gentamicin 3 mg/kg iv once daily 2 weeks

*Requirements for two-week treatment: 1. MIC penicillin <0.1 mg/l, 2. no
contraindications or high resistance against aminoglycosides, 3. no cardio-
vascular risk factors such as heart failure, aortal insufficiency or disturbed
conductance, 4. no thromboembolitic complications, 5. native valve, 6. no
vegetations >5 mm, 7. clinical response within seven days, 8. duration of
clinical phenomena <3 months, 9. no relapse of the endocarditis.
**Cephalosporins only in the event of a mild (see text) penicillin allergy
(cross reactivity).

Table 4
Treatment of endocarditis due to enterococci or viridans
streptococci and S. bovis with an MIC >0.5 mg/l

ANTIBIOTIC DOSE DURATION

Native valve

Penicillin and 2.106 IU iv every 4 h 4-6 weeks*

Gentamicin or 3 mg/kg iv once daily 4-6 weeks**

Amoxicillin (1st choice 2 g iv every 4 h 4-6 weeks*

with enterococci) and

Gentamicin 3 mg/kg iv once daily 4-6 weeks**

Penicillin allergy

Vancomycin and 15 mg/kg iv every 12 h 4-6 weeks*

(max. 1 g every 12 h)

Gentamicin 3 mg/kg iv once daily 4-6 weeks**

High gentamicin resistance (MIC >500 mg/l)

Amoxicillin or 2 g iv every 4 h 8-12 weeks

Vancomycin 15 mg/kg iv every 12 h 8-12 weeks
(max. 1 g every 12 h)

Prosthetic valve

Amoxicillin 2 g iv every 4 h 6 dd 2 g iv 6-8 weeks

Gentamicin 3 mg/kg iv once daily 6 weeks**

�-lactamase formation

Amoxicillin-clavulanate 2000/200 mg iv every 4 h 6-8 weeks
acid and

Gentamicin 3 mg/kg iv once daily 6 weeks**

High gentamicin resistance (MIC >500 mg/l)

Amoxicillin 2 g iv every 4 h 8-12 weeks

*Six weeks of treatment when the infection exists for more than three months,
in the event of complications (e.g. septic embolisms) and relapse of infection.
**There are indications that the period of administration of aminoglycosides
can be shortened.54
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For the treatment of patients with endocarditis due to

streptococci with a prosthetic valve or a known allergy to

penicillin, see table 3. 

Less common streptococci that also cause endocarditis

are S. pneumoniae, S. pyogenes and group B, C, and G

streptococci. S. pneumoniae has become a rare cause of

endocarditis since the introduction of penicillin (less than

2%).2,46 The course is highly fulminating and is accompanied

by meningitis in 60% of cases. Most of the pneumococci

in the Netherlands are sensitive to penicillin.47 Endocarditis

due to �-haemolytic streptococci is not very common but

is an acute disease with a high morbidity and mortality.

Group A streptococci (S. pyogenes) are quite sensitive to

penicillin and the preferred treatment therefore consists

of penicillin (6 million U/4 hours iv) for four to six weeks.

Alternatives to penicillin are first-generation cephalosporins,

vancomycin or teicoplanin. No data are available on the

value of including clindamycin in the treatment of

endocarditis, in contrast to the streptococcal toxic shock

syndrome. Group B, C and G streptococci are in general

not as sensitive to penicillin as group A streptococci.

Some experts recommend, therefore, that gentamicin

should also be administered during the first two weeks of

treatment of these causative agents (level of proof D).

E N T E R O C O C C I

Enterococci were formerly included in the genus Strepto-

coccus but are now classified separately under the genus

Enterococcus. There are at least 12 species, E. faecalis being

the most important clinically followed by E. faecium. In a

Dutch study, 35 of 40 (87.5%) patients with endocarditis

caused by enterococci had E. faecalis and three had E.

faecium.7 This is in agreement with the findings of an

American study of enterococcal endocarditis48 and is

approximately equal to the species distribution in noso-

comial enterococcal bacteraemias.49 Enterococci are part

of the normal flora of the digestive tract and the proximal

part of the urethra. They cause about 10% of cases of IE,

especially among men over 60 and women who have

recently delivered a child or undergone abortion.49 Both

normal and damaged cardiac valves can be affected by

this group of bacteria.48,50 The mortality for endocarditis

due to enterococci is 25%, which is much higher than

that for endocarditis due to viridans streptococci (6%).7

Intrinsically, enterococci are relatively resistant to penicillin

with a median MIC of 2 mg/l, sensitive to amoxicillin

and totally resistant to cephalosporins. The �-lactam

antibiotics only have a bacteriostatic effect on enterococci

so that treatment in the form of monotherapy usually

fails (table 4). All enterococci are resistant to the standard

dose of aminoglycosides.50 However, gentamicin and

streptomycin do have a clear synergistic effect when

added to a treatment regimen with penicillin, amoxicillin

or vancomycin so that in vitro the combination has a

bactericidal effect.40,50,52-57 Streptomycin and gentamicin

cannot simply be replaced by other aminoglycosides.

Tobramycin, for example, does not have a synergistic

effect when administered in combination with penicillin.53

In general, it is recommended that the aminoglycosides

are added to the antimicrobial regimen during the entire

period of treatment. Because enterococcal endocarditis

occurs more frequently among elderly patients, prolonged

administration of aminoglycosides can sometimes lead to

problems related to nephrotoxic and ototoxic complications.

A recently published observational Swedish study indicated

that a proportion of the patients can also be cured with a

short-term supplementary course of aminoglycosides.54

Resistance against aminoglycosides is variable, an MIC of

500 mg/l is usually taken as the cut-off point between low

and high resistance. In a Dutch investigation, approximately

10% (4/40) of enterococci isolated from patients with

endocarditis exhibited high resistance against gentamicin

and amikacin, whereas only one of the 40 isolates

showed high resistance against streptomycin.7 For these

high-resistant bacteria it is not worthwhile to add an

aminoglycoside because the synergetic effect no longer

occurs.

S T A P H Y L O C O C C I  

Endocarditis can be caused by coagulase-positive (S. aureus)

and by coagulase-negative (including S. epidermidis)

staphylococci. Endocarditis caused by coagulase-negative

staphylococci (CNS) occurs particularly in patients with a

prosthetic valve and to a much lesser extent in patients

with a native valve. The treatment of staphylococcal endo-

carditis differs according to the location of the infection

(right-sided or left-sided) and the presence or absence of

artificial material. Endocarditis caused by Staphylococcus

aureus differs in the negative sense from endocarditis due

to other causative agents in the high mortality and the

frequent occurrence of complications in and outside the

heart.59,60 The treatment of staphylococcal endocarditis of

the native valve is given in table 5. As a result of �-lactam

formation, approximately 90% of the S. aureus strains

isolated in the Netherlands are not susceptible to penicillin

but they are sensitive to the semisynthetic penicillinase-

resistant penicillins such as floxacillin. Combination of a

�-lactam antibiotic with aminoglycosides is controversial

because it does not decrease the morbidity and mortality

of S. aureus infections, yet there is more nephrotoxicity

(level of proof A2).61-63 By adding an aminoglycoside the

patient becomes free of fever much sooner and the blood

Verhagen, et al. Guidelines endocarditis.
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cultures are negative sooner.64 For this reason, it is usually

recommended that an aminoglycoside be included in the

therapeutic regimen for the first three to five days (level

of proof D). In the event of contraindications for amino-

glycosides or resistance, some authors recommend

including fusidic acid in the treatment protocol; data on the

effectiveness of this combination are, however, limited.65,66

In the event of a light or mild penicillin allergy (gastro-

intestinal complaints or exanthema after use of amoxi-

cillin/ ampicillin), a cephalosporin can be chosen.67

Cephazolin, for instance, is effective as antistaphylococcal

agent. In the event of a severe penicillin allergy (IgE-

mediated, type 1 allergy or other types of allergy involving

the organs or with fever) vancomycin is to be preferred

above teicoplanin because it is more effective.68-70

Coagulase-negative staphylococci and S. aureus are usually

quite sensitive to rifampicin but in the case of monotherapy,

resistance develops quickly.68 Rifampicin penetrates well

into tissues and abscesses and also penetrates into the

biofilm on artificial materials. When administered in

combination with other antibiotics, synergism, antagonism

and a lack of any extra effect have all been described. In

certain cases, especially for patients who react poorly to

the therapy instituted, rifampicin is sometimes added to

the therapeutic regimen. The duration of treatment for

left-sided endocarditis caused by staphylococci on a native

valve is four weeks; in the case of metastatic infections or

a poor reaction to initial therapy this must be prolonged

to six weeks (level of proof D). The choice of the antibiotic

is dependent on the sensitivity of the micro-organism

(see table 5). In principle the same rules apply to the

treatment of coagulase-positive and coagulase-negative

strains.

Right-sided staphylococcal endocarditis of the native valve,

encountered mainly among drug-users, is a milder disease

with a much lower mortality (5-10%) than left-sided endo-

carditis (25-40%). Patients with right-sided endocarditis are

often young and usually do not exhibit severe comorbidity;

usually there are no metastatic infections outside of the

lungs and there is rarely a problem of heart failure so

that surgical intervention is, in general, not necessary.

Various studies have been carried out to investigate the

possibility of shorter and/or oral treatment of right-sided

endocarditis.31,32,63,72-74 Intravenous treatment for 14 days

with only a penicillinase-resistant penicillin, such as

floxacillin, appears to be an effective therapy for this form

of endocarditis (table 5) (level of proof B). Prerequisites

for this two-week therapeutic course are that there are no

septic embolisms outside of the lung, there are no severe

pulmonary problems (such as empyema) and the endo-

carditis is localised only in the right side of the heart. To

satisfy the first prerequisite, history-taking and the physical

examination of these patients must be directed specifically

toward the discovery of eventual signs of metastatic

infections and – when necessary – supplementary imaging

techniques must be carried out. In the event of allergy to

penicillin, vancomycin or teicoplanin can be used as alter-

native. Both drugs are, however, less effective against S.

aureus so that in this case treatment must last for four

weeks (level of proof B).68,69,72,75 A study of patients with

IE caused by methicillin-resistant S. aureus treated with

vancomycin showed a clearly delayed response with a

longer period of fever (median 7 days) and bacteraemia

(median 9 days).75,76 Addition of rifampicin did not

improve the response. 

Prosthetic valve endocarditis caused by staphylococci can,

as previously mentioned, be subdivided into early and late

PVE. In early PVE due to staphylococci, perivalvular

abscesses and valve dysfunction often develop and then

both antimicrobial and surgical therapy are needed.
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Table 5
Treatment of native valve endocarditis caused by staphy-
lococci (coagulase-positive and coagulase-negative)

ANTIBIOTIC DOSE DURATION

Left-sided

PSSA* of PS coagulase-negative staphylococci

Penicillin and 2.106 IU iv every 4 h 4-6 weeks$

Gentamicin 3 mg/kg iv once daily 3-5 days

MSSA# of MS coagulase-negative staphylococci

Flucloxacillin and 2 g iv every 4 h 4-6 weeks$

Gentamicin 3 mg/kg iv once daily 3-5 days

MRSA‡ of MR coagulase-negative staphylococci or penicillin hypersensitivity

Vancomycin and 15 mg/kg iv every 12 h 4-6 weeks$

(max. 1 g every 12 h)

Gentamicin 3 mg/kg iv once daily 3-5 days

Right-sided

PSSA*

Penicillin and 2.106 IU iv every 4 h 2-4 weeks&

(possibly with gentamicin) 3 mg/kg iv once daily 2 weeks

MSSA#

Flucloxacillin 2 g iv every 4 h 2-4 weeks&

(possibly with gentamicin) 3 mg/kg iv once daily 2 weeks&

MRSA‡ or penicillin hypersensitivity

Vancomycin and 15 mg/kg iv every 12 h 4 weeks
(max. 1 g every 12 h)

Gentamicin 3 mg/kg iv once daily 3-5 days

*PSSA = penicillin sensitive S. aureus, # MSSA = meticillin sensitive S.
aureus, ‡ MRSA = meticillin resistant S. aureus, $ in case of metastatic
infections and poor clinical reaction to initial therapy: 6 weeks, & prerequisite
for two-week treatment: no septic embolisms outside of the lungs, no severe
pulmonary embolisms, no combination of right-sided and left-sided IE, no
high aminoglycoside resistance.
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H A C E K  M I C R O - O R G A N I S M S

HACEK micro-organisms (Haemophilus species,

Actinobacillus actinomycetemcomitans, Cardiobacterium

hominis, Eikenella corrodens and Kingella species) are

slow-growing Gram-negative bacteria. As a result it often

takes a long time for the blood culture to become positive.

When the primary source is unknown, the growth of these

bacteria from blood is highly suggestive of the diagnosis

of endocarditis, even when clinical signs of endocarditis

are absent.16 Because �-lactam-producing strains have

recently been identified and it is sometimes difficult to

determine the resistance of these micro-organisms,

some authors recommend empirical treatment with

third-generation cephalosporins (such as cefotaxime or

ceftriaxone) with adjustment of the therapy based on the

antibiogram (level of proof D).40 When amoxicillin is

used, gentamicin must be added for the same reason

(see table 7). In the event of hypersensitivity to penicillin,

the choice of antibiotic is difficult since only a few case

reports on alternative therapies have been published.

In vitro the HACEK micro-organisms are susceptible to

cotrimoxazole and fluorchinolone.
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A brief Dutch version of this paper will appear in

Nederlands Tijdschrift voor Geneeskunde.

A C K N O W L E D G E M E N T

The committee wishes to thank Prof. P.J. van den Broek,

Leiden; Dr. F.J. ten Cate, Rotterdam; Dr. J.M. Dantzig,

Eindhoven; Dr. I.C. Gijssens, Rotterdam; Prof. Y. Hekster,

Rotterdam; Prof. I.M. Hoepelman, Utrecht; Dr. W.N.M.

Hustinx, Utrecht, Dr. R. Janknecht, Sittard; Dr. B.J. Kullberg,

Nijmegen; Dr. E.J. Kuijper, Leiden; Prof. S. Lauwers,

Brussel, Belgium; Drs. A.W. Lenderink, Tilburg; 

Prof. J.W.M. van der Meer, Nijmegen; Dr. F.J. Meijboom,

Rotterdam; Dr. J. W. Mouton, Nijmegen; Prof. W.

Peetermans, Leuven, Belgium; Dr. J.M. Prins,

Amsterdam; Dr. P.J.G.M. Rietra, Amsterdam, Dr. E.E.

Stobberingh, Maastricht; Prof. C.M.J.J. Vandenbrouke,

Amsterdam; Dr. A. van der Ven, Nijmegen; Prof. G.

Verschraegen, Gent, Belgium for their assistance in the

preparation of this report.

R E F E R E N C E S

1. Mylonakis E, Calderwood SB. Infective endocarditis in adults. N Engl J

Med 2001;345:1318-30. 

2. Meer JT van der, Thompson J, Valkenburg HA, Michel MF. Epidemiology

of bacterial endocarditis in the Netherlands. I. Patient characteristics.

Arch Intern Med 1992;152:1863-8.

3. Meer JT van der, Thompson J, Valkenburg HA, Michel MF. Epidemiology

of bacterial endocarditis in the Netherlands. II. Antecedent procedures

and use of prophylaxis. Arch Intern Med 1992;152:1869-73.

4. Terpenning MS, Buggy BP, Kauffman CA. Hospital-acquired infective

endocarditis. Arch Intern Med 1988;148:1601-3.

Verhagen, et al. Guidelines endocarditis.

D E C E M B E R  2 0 0 3 ,  V O L .  6 1 ,  N O .  1 2

427

Table 6
Treatment of prosthetic valve endocarditis caused by
staphylococci 

ANTIBIOTIC DOSE DURATION

S. aureus

Flucloxacillin and 2 g iv every 4 h 6 weeks

Gentamicin and 3 mg/kg iv once daily 2 weeks

Rifampicin 600 mg orally every 12 h 6 weeks

Coagulase-negative staphylococci

Vancomycin and 15 mg/kg iv every 12 h 6 weeks
(max. 1 g every 12 h)

Gentamicin and 3 mg/kg iv once daily 2 weeks

Rifampicin 600 mg orally every 12 h 6 weeks

MRSA

Vancomycin and 15 mg/kg iv every 12 h 6-8 weeks
(max. 1 g every 12 h)

Gentamicin and 3 mg/kg iv once daily 2 weeks

Rifampicin 600 mg orally every 12 h 6-8 weeks

Table 7
Treatment of endocarditis caused by HACEK micro-
organisms

ANTIBIOTIC DOSE DURATION

Native valve

Ceftriaxone or 2 g iv once daily 4 weeks

Cefotaxine or 2 g iv every 8 h 4 weeks

Amoxicillin and 2 g iv every 4 h 4 weeks

Gentamicin* 3 mg/kg iv once daily 4 weeks

Artificial valve

Ceftriaxone or 2 g iv once daily 6 weeks

Cefotaxine 2 g iv every 8 h 6 weeks

*Gentamicin need not be administered if it is known that the strain does not
produce �-lactamase.

The therapies recommended for PVE are presented in

table 6.77-79

The mortality for prosthetic valve IE due to S. aureus is

high. For this reason, treatment during the first two

weeks is usually combined with gentamicin to be on the

safe side. Data on this aspect are lacking. 

Download van SWAB.nl | 2026-03-02 06:36



5. Fernandez-Guerrero ML, Verdejo C, Azofra J, Gorgolas M de. Hospital-

acquired infectious endocarditis not associated with cardiac surgery: an

emerging problem. Clin Infect Dis 1995;20:16-23.

6. Fang G, Keys TF, Gentry LO, et al. Prosthetic valve endocarditis resulting

from nosocomial bacteremia. A prospective, multicenter study. Ann

Intern Med 1993;119:560-7.

7. Meer JT van der, Vianen W van, Hu E, et al. Distribution, antibiotic suscepti-

bility and tolerance of bacterial isolates in culture-positive cases of endo-

carditis in the Netherlands. Eur J Clin Microbiol Infect Dis 1991;10:728-34.

8. Ballet M, Gevigney G, Gare JP, Delahaye F, Etienne J, Delahaye JP.

Infective endocarditis due to Streptococcus bovis. A report of 53 cases.

Eur Heart J 1995;16:1975-80.

9. Hoen B, Briancon S, Delahaye F, et al. Tumors of the colon increase the

risk of developing Streptococcus bovis endocarditis: case-control study.

Clin Infect Dis 1994;19:361-2. 

10. Crane LR, Levine DP, Zervos MJ, Cummings G. Bacteremia in narcotic

addicts at the Detroit Medical Center. I. Microbiology, epidemiology, risk

factors, and empiric therapy. Rev Infect Dis 1986;8:364-73.

11. Levine DP, Crane LR, Zervos MJ. Bacteremia in narcotic addicts at the

Detroit Medical Center. II. Infectious endocarditis: a prospective com-

parative study. Rev Infect Dis 1986;8:374-96.

12. Mathew J, Addai T, Anand A, Morrobel A, Maheshwari P, Freels S. Clinical

features, site of involvement, bacteriologic findings, and outcome of infective

endocarditis in intravenous drug users. Arch Intern Med 1995;155:1641-8.

13. Mah MW, Shafran SD. Polymicrobial endocarditis with eight pathogens

in an intravenous drug abuser. Scand J Infect Dis 1990;22:735-7.

14. Adler AG, Blumberg EA, Schwartz DA, Russin SJ, Pepe R. Seven-

pathogen tricuspid endocarditis in an intravenous drug abuser. Pitfalls in

laboratory diagnosis. Chest 1991;99:490-1.

15. Patel A, Asirvatham S, Sebastian C, Radke J, Greenfield R,

Chandrasekaran K. Polymicrobial endocarditis with Haemophilus

parainfluenzae in an intravenous drug user whose transesophageal

echocardiogram appeared normal. Clin Infect Dis 1998;26:1245-6.

16. Das M, Badley AD, Cockerill FR, Steckelberg JM, Wilson WR. Infective

endocarditis caused by HACEK microorganisms. Ann Rev Med

1997;48:25-33.

17. Hoen B, Selton-Suty C, Lacassin F, et al. Infective endocarditis in

patients with negative blood cultures: analysis of 88 cases from a one-

year nationwide survey in France. Clin Infect Dis 1995;20:501-6. 

18. Young EJ. Serologic diagnosis of human brucellosis: Analysis of 214

cases by agglutination tests and review of the literature. Rev Infect Dis

1991;13:359-72.

19. Odeh M, Oliven A. Chlamydial infections of the heart. Eur J Microbiol

Infect Dis 1992;11:885-93.

20. Etienne J, Ory D, Thouvenot D, et al. Chlamydial endocarditis: a report

on ten cases. Eur Heart J 1992;13:1422-6.

21. Raoult D, Fournier PE, Drancourt M, et al. Diagnosis of 22 new cases of

Bartonella endocarditis. Ann Intern Med 1996;125:646-52.

22. Maurin M, Eb F, Etienne J, Raoult D. Serological cross-reactions between

Bartonella and Chlamydia species: implications for diagnosis. J Clin

Microbiol 1997;35:2283-7.

23. Wendler D, Mendoza E, Schleiffer T, Zander M, Maier M. Tropheryma

whippelii endocarditis confirmed by polymerase chain reaction. Eur

Heart J 1995;16:424-5.

24. Celard M, Gevigney G de, Mosnier S, et al. Polymerase chain reaction

analysis for diagnosis of Tropheryma whippelii infective endocarditis in

two patients with no previous evidence of Whipple’s disease. Clin Infect

Dis 1999;29:1348-9.

25. Pesanti EL, Smith IM. Infective endocarditis with negative blood cultures.

An analysis of 52 cases. Am J Med 1979;66:43-50.

26. Lopez JA, Ross RS, Fishbein MC, Siegel RJ. Nonbacterial thrombotic

endocarditis: a review. Am Heart J 1987;113:773-84.

27. Scoy RE van. Culture-negative endocarditis. Mayo Clin Proc

1982;57:149-54.

28. Durack DT, Beeson PB. Experimental bacterial endocarditis. II. Survival of

a bacteria in endocardial vegetations. Br J Exp Pathol 1972;53:50-3.

29. Fuller RE, Hayward SL. Oral antibiotic therapy in infective endocarditis.

Ann Pharmacother 1996;30:676-8.

30. Guntheroth WG, Cammarano AA, Kirby WM. Home treatment of infec-

tive endocarditis with oral amoxicillin. Am J Cardiol 1985;55:1231-2.

31. Heldman AW, Hartert TV, Ray SC, et al. Oral antibiotic treatment of right-

sided staphylococcal endocarditis in injection drug users: prospective

randomized comparison with parenteral therapy. Am J Med 1996;101:68-76.

32. Dworkin RJ, Lee BL, Sande MA, Chambers HF. Treatment of right-sided

Staphylococcus aureus endocarditis in intravenous drug users with

ciprofloxacin and rifampicin. Lancet 1989;2:1071-3.

33. Francioli P, Etienne J, Hoigne R, Thys JP, Gerber A. Treatment of

streptococcal endocarditis with a single daily dose of ceftriaxone sodium

for 4 weeks. Efficacy and outpatient treatment feasibility. JAMA

1992;267:264-7.

34. Stamboulian D. Outpatient treatment of endocarditis in a clinic-based

program in Argentina. Eur J Microbiol Infect Dis 1995;14:648-54.

35. Huminer D, Bishara J, Pitlik S. Home intravenous antibiotic therapy for

patients with infective endocarditis. Eur J Microbiol Infect Dis

1999;18:330-4.

36. Blumberg EA, Robbins N, Adimora A, Lowy FD. Persistent fever in

association with infective endocarditis. Clin Infect Dis 1992;15:983-90.

37. Douglas A, Moore-Gillon J, Eykyn S. Fever during treatment of infective

endocarditis. Lancet 1986;1:1341-3.

38. Shanson DC. New guidelines for the antibiotic treatment of streptococcal,

enterococcal and staphylococcal endocarditis. J Antimicrob Chemother

1998;42:292-6.

39. Karchmer AW, Moellering RC Jr, Maki DG, Swartz MN. Single-antibiotic

therapy for streptococcal endocarditis. JAMA 1979;241:1801-6.

40. Wilson WR, Karchmer AW, Dajani AS, et al. Antibiotic treatment of

adults with infective endocarditis due to streptococci, enterococci,

staphylococci, and HACEK microorganisms. American Heart

Association. JAMA 1995;274:1706-13.

41. Sande MA, Irvin RG. Penicillin-aminoglycoside synergy in experimental

Streptococcus viridans endocarditis. J Infect Dis 1974;129:572-6.

42. Wilson WR, Thompson RL, Wilkowske CJ, Washington JA 2nd, Giuliani ER,

Geraci JE. Short-term therapy for streptococcal infective endocarditis.

Combined intramuscular administration of penicillin and streptomycin.

JAMA 1981;245:360-3.

43. Geraci JE, Martin WJ. Antibiotic therapy of bacterial endocarditis: IV.

Successful short-term (two weeks) combined penicillin-dihydrostreptomycin

therapy in subacute bacterial endocarditis caused by penicillin-sensitive

streptococci. Circulation 1953;8:494-509.

D E C E M B E R  2 0 0 3 ,  V O L .  6 1 ,  N O .  1 2

Verhagen, et al. Guidelines endocarditis.

428
Download van SWAB.nl | 2026-03-02 06:36



44. Anonymous. Antibiotic treatment of streptococcal, enterococcal, and

staphylococcal endocarditis. Working Party of the British Society for

Antimicrobial Chemotherapy. Heart 1998;79:207-10.

45. Dinubile MJ. Treatment of endocarditis caused by relatively resistant

nonenterococcal streptococci: is penicillin enough? Rev Infect Dis

1990;12:112-7.

46. Aronin SI, Mukherjee SK, West JC, Cooney EL. Review of pneumococcal

endocarditis in adults in the penicillin era. Clin Infect Dis 1998;26:165-71.

47. Hermans PW, Sluijter M, Elzenaar K, et al. Penicillin-resistant

Streptococcus pneumoniae in the Netherlands: results of a 1-year

molecular epidemiologic survey. J Infect Dis 1997;175:1413-22.

48. Rice LB, Calderwood SB, Eliopoulos GM, Farber BF, Karchmer AW.

Enterococcal endocarditis: a comparison of prosthetic and native valve

disease. Rev Infect Dis 1991;13:1-7.

49. Maki DG, Agger WA. Enterococcal bacteremia: clinical features, the risk

of endocarditis, and management. Medicine 1988;67:248-69.

50. Mandell GL, Kaye D, Levison ME, Hook EW. Enterococcal endocarditis.

An analysis of 38 patients observed at the New York Hospital-Cornell

Medical Center. Arch Intern Med 1970;125:258-64.

51. Eliopoulos GM. Antibiotic resistance in Enterococcus species: an update.

Curr Clin Top Infect Dis 1996;16:21-51.

52. Moellering RC Jr, Wennersten C, Weinberg AN. Synergy of penicillin and

gentamicin against Enterococci. J Infect Dis 1971;124(suppl 124):207.

53. Eliopoulos GM. Aminoglycoside resistant enterococcal endocarditis.

Infect Dis Clin North Am 1993;7:117-33.

54. Olaison L, Schadewitz K Enterococcal endocarditis in Sweden, 1995-

1999: can shorter therapy with aminoglycosides be used? Clin Infect Dis

2002;34:159-66. 

55. Wilson WR, Wilkowske CJ, Wright AJ, Sande MA, Geraci JE. Treatment of

streptomycin-susceptible and streptomycin-resistant enterococcal endo-

carditis. Ann Intern Med 1984;100:816-23.

56. Bisno AL, Dismukes WE, Durack DT, et al. Antimicrobial treatment of

infective endocarditis due to viridans streptococci, enterococci, and

staphylococci. JAMA 1989;261:1471-7.

57. Holloway Y, Dankert J, Hess J. Penicillin tolerance and bacterial endo-

carditis. Lancet 1980;1:589.

58. Wilson WR, Geraci JE. Treatment of streptococcal infective endocarditis.

Am J Med 1985;78:128-37.

59. Fowler VG Jr, Sanders LL, Kong LK, et al. Infective endocarditis due to

Staphylococcus aureus: 59 prospectively identified cases with follow-up.

Clin Infect Dis 1999;28:106-14.

60. Roder BL, Wandall DA, Frimodt-Moller N, et al. Clinical features of

Staphylococcus aureus endocarditis: a 10-year experience in Denmark.

Arch Intern Med 1999;159:462-9.

61. Watanakunakorn C, Baird IM. Prognostic factors in Staphylococcus aureus

endocarditis and results of therapy with penicillin and gentamicin. Am J

Med Sci 1977;273:133-9.

62. Korzeniowski O, Sande MA. Combination antimicrobial therapy for

Staphylococcus aureus endocarditis in patients addicted to parenteral drugs

and in nonaddicts: A prospective study. Ann Intern Med 1982;97:496-503.

63. Ribera E, Gomez-Jimenez J, Cortes E, et al. Effectiveness of cloxacillin

with and without gentamicin in short-term therapy for right-sided

Staphylococcus aureus endocarditis. A randomized, controlled trial. Ann

Intern Med 1996;125:969-74.

64. Korzeniowski O, Sande MA, National Collaborative Study Group.

Combination antimicrobial therapy for Staphylococcus aureus endocarditis

in patients addicted to parental drugs and in nonaddicts: a prospective

study. Ann Intern Med 1982;97:496-503.

65. Whitby M. Fusidic acid in septicaemia and endocarditis. Int J Antimicrob

Agents 1999;12(suppl 2):S17-22.

66. Fantin B, Leclercq R, Duval J, Carbon C. Fusidic acid alone or in combi-

nation with vancomycin for therapy of experimental endocarditis due to

methicillin-resistant Staphylococcus aureus. Antimicrob Agents

Chemother 1993;37:2466-9.

67. Steckelberg JM, Rouse MS, Tallan BM, Osmon DR, Henry NK, Wilson

WR. Relative efficacies of broad-spectrum cephalosporins for treatment

of methicillin-susceptible Staphylococcus aureus experimental infective

endocarditis. Antimicrob Agents Chemother 1993;37:554-8.

68. Bayer AS. Infective endocarditis. Clin Infect Dis 1993;17:313-20.

69. Bannerman TL, Wadiak DL, Kloos WE. Susceptibility of Staphylococcus

species and subspecies to teicoplanin. Antimicrob Agents Chemother

1991;35:1919-22.

70. Gilbert DN, Wood CA, Kimbrough RC. Failure of treatment with

teicoplanin at 6 milligrams/kilogram/day in patients with Staphylococcus

aureus intravascular infection. The Infectious Diseases Consortium of

Oregon. Antimicrob Agents Chemother 1991;35:79-87.

71. Kapusnik JE, Parenti F, Sande MA. The use of rifampicin in 

staphylococcal infections - a review. J Antimicrob Chemother

1984;13(suppl C):61-6.

72. Chambers HF, Miller RT, Newman MD. Right-sided Staphylococcus

aureus endocarditis in intravenous drug abusers: two-week combination

therapy. Ann Intern Med 1988;109:619-24.

73. Dinubile MJ. Short-course antibiotic therapy for right-sided endocarditis

caused by Staphylococcus aureus in injection drug users. Ann Intern

Med 1994;121:873-6.

74. Torres-Tortosa M, Cueto M de, Vergara A, et al. Prospective evaluation of

a two-week course of intravenous antibiotics in intravenous drug addicts

with infective endocarditis. Grupo de Estudio de Enfermedades

Infecciosas de la Provincia de Cadiz. Eur J Microbiol Infect Dis

1994;13:559-64.

75. Levine DP, Fromm BS, Reddy BR. Slow response to vancomycin or van-

comycin plus rifampin in methicillin-resistant Staphylococcus aureus

endocarditis. Ann Intern Med 1991;115:674-80.

76. Bayer AS, Lam K. Efficacy of vancomycin plus rifampin in experimental

aortic-valve endocarditis due to methicillin-resistant Staphylococcus

aureus: in vitro-in vivo correlations. J Infect Dis 1985;151:157-65. 

77. Karchmer AW, Gibbons GW. Infections of prosthetic heart valves and

vascular grafts. In: Bisno AL, Waldvogel FA (eds). Infections Associated

with Indwelling Medical Devices. 2nd Edition. Washington, DC: American

Society for Microbiology, 1994:213-49.

78. Archer GL, Johnston JL, Vazquez GJ, Haywood HB 3rd. Efficacy of antibiotic

combinations including rifampin against methicillin-resistant Staphylo-

coccus epidermidis: in vitro and in vivo studies. Rev Infect Dis

1983;5:S538-42.

79. Chuard C, Herrmann M, Vaudaux P, Waldvogel FA, Lew DP. Successful

therapy of experimental foreign-body infection due to methicillin-resistant

Staphylococcus aureus by antimicrobial combinations. Antimicrob

Agents Chemother 1991;35:2611-6.

Verhagen, et al. Guidelines endocarditis.

D E C E M B E R  2 0 0 3 ,  V O L .  6 1 ,  N O .  1 2

429
Download van SWAB.nl | 2026-03-02 06:36


