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Summary.

Enterococcus faecalis causes 5-15% of cases of infective endocarditis, and is a
particularly difficult organism to treat. In previous studies, three surface antigens (37,
40 and 73 kDa) have been identified, which appear specific for E. faecalis infective
endocarditis (EFIE). Antibedies against these antigens were detected only in serum
from patients with EFIE and not in serum from patients with endocarditis due to other

organisms, or E. faecalis infections at other sites.

A AZAPII library, constructed from E. faecalis EBH1 genomic DNA, was
screened using serum from an EFIE patient with high titres of antibodies against the
37, 40 and 73 kDa antigens. Antibody affinity purification using one strongly reacting
Si’“aque revealed that DNA encoding a protein cross reactive with both the 37 and 40
kDa antigens had been cloned. Sequence analysis of the insert showed the presence of
an open reading frame comprising 308 codons encoding a polypeptide of molecular
weight 34768 Da which was designated Enterococcus faecalis antigen A (EfaA).
Amino acid sequence alignment revealed 55-60% homology with the adhesins FimA,
SsaB, ScaA and PsaA from S. parasanguis, S. sanguis, S. gordonii and
S. pneurhoniae, respectively. A 0.4 kb HindIIl fragment of efaA hybridised to all
E. faecalis strains tested, but failed to hybridise to genomic DNA from other
streptococci. Northern analysis revealed that efaA was transcribed on an approx 3 kb

message, and that expression was regulated by some component(s) of serum.
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Chapter 1: Introduction.

1.1. Infective endocarditis.

Infective endocarditis is the result of microbial colonisation of the
endocardium. The valves are most commonly affected, although the disease can also
affect the mural endocardium or septal defects. Healthy heart tissue is not normally
susceptible to infection, however damage to the endocardium initiates a chain of
events leading to the formation of a non-bacterial thrombotic endocarditis (NBTE)
which pre-disposes to colonisation. Patients with prosthetic heart valves are also at
risk. The disease has been classified according to its progression as acute (death in less
than 6 weeks), subacute (death in 6 weeks to three months) and chronic (death in
greater than three months). However, these terms have more recently given way to
classification according to aetiologic agent, which has more bearing on the appropriate

treatment (Scheld and Sande, 1990).
1.1.1. Aetiology.

Infective endocarditis can be caused by a range of micro-organisms including
mycobacteria, fungi, chlamydiae, rickettsiae, viruses and Gram-negative bacteria.
However, aetiologic diagnosis of infective endocarditis, as determined by blood
cultures reveals that the vast majority of cases arise due to infection by Gram-positive
cocci. Figures vary according to the surveys used, but streptococci (mainly S. sanguis,
_ 8. bovis, S. mutans and S. mitior) usually account for at least half of all cases,
staphylococci for 20-30% (predominantly coagulase positive S. aureus), and
enterococci (mainly E. faecalis) for 5-18% of cases (Scheld and Sande, 1990; Barco,
1991; Watanakunakorn and Burkert, 1993). Gram-negative bacteria, which are rarely

isolated (<5% of cases), include E. coli, Salmonella sp. and the HACEK group

13



(Haemophilus, Actinobacillus, Cardiobacteriurn, Eikenella and Kingella; Scheld and

Sande, 1990).
1.1.2. Incidence.

Most surveys of infective endocarditis report that its incidence has not changed
for 30 to 40 years. It is difficult to assign a definite figure for the incidence of the
condition since diagnostic criteria vary. Indeed, applying strict criteria has revealed
that as few as 20% of clinically diagnosed cases can be categorised as definite (Scheld
and Sande, 1990). Incidences quoted recently include, in England and Wales, 1000-
2000 cases per year or 20 cases per million of the population (Littler and Shanson,
1989), 10,000-15,000 new cases per year in the USA (Bayer, 1993), or 4.9 cases per
100,000 person-years (Steckelberg et al, 1990). Endocarditis is most likely to affect
the left side of the heart, the mitral valve being affected more often than the aortic
valve. Combined aortic and mitral valve infection is less common (Watanakunakorn

and Burkert, 1993).
1.1.3. Mortality.

The mortality of endocarditis depends upon the site of involvement, the
aetiologic organism, host risk factors and the number of complications (Lukes and
Durack, 1993). A ten year study of infective endocarditis by Watanakunakorn and
Burkert (1993) showed an overall mortality of 21.4%, with most deaths being due to
S. aureus. Mortality was significantly higher among the elderly (10.1% under 60 years,
31.5% over 60 years), and was lower among patients with prosthetic valve
~ endocarditis (PVE) than with native valve endocarditis (NVE). The lower mortality
among cases of PVE has also been noted in studies of enterococcal endocarditis
(Almirante et al, 1991; Rice et al, 1991), and has been attributed to the shorter period
of disease before diagnosis of PVE. Aortic valve involvement is regularly associated
with unfavourable prognosis, and the need for surgery (Rice et al, 1991; Almirante et

al, 1991; Lukes and Durack, 1993). The effect of antimicrobial therapy on the
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outcome of enterococcal endocarditis in severall studies was examined by Megran
(1992), who found that with standard therapy (B-llactam plus aminoglycoside) average
mortality was 17% (0-43%). However, in cases where non-standard or inappropriate
therapy was used, 46% (17-100%) of patients died. These findings highlight the effect
that antimicrobial therapy has had upon the mortality of infective endocarditis, and

underline the need to select the appropriate treatment.

The work described in this thesis involves Enterococcus faecalis endocarditis
therefore the literature relating to endocarditis caused by E. faecalis and associated

organisms will be discussed below.

1.2 The streptococci.

Streptococci are facultatively anaerobic, Gram-positive, spherical or ovoid
bacteria (0.5-2.0 pm in diameter), which grow as pairs or chains in liquid media.
Streptococci commonly attack erythrocytes (haemolysis), and may be characterised as
o.-, B- or y-haemolytic, according to their appearance on blood agar. Alpha-haemolytic
streptococci produce partial haemolysis (viridans streptococci), beta-haemolytic
streptococci produce a clear zone of complete haemolysis, whilst gamma-streptococci
are non haemolytic (Holt ez al, 1994). Following her discovery of group specific
antigens, Lancefield (1933) used serological typing to divide the genus into
approximately 20 groups, each of which were assigned a letter of the alphabet. This
system is no longer considered altogether reliable, with many serological groups

~ overlapping (Gallis, 1990; Holt et al, 1994).
1.2.1. Group D streptococci.

Group D streptococci are mainly non-haemolytic, and are distinct from other
streptococcal groups in their ability-to grow in medium containing 40% bile, and to

cleave esculin. Traditionally, group D streptococci were separated into enterococcal

15



(eg S. faecalis, S. faecium and S. durans), and non-enterococcal strains (eg S. bovis
and S. equinus) (Musher, 1990). Enterococci are further distinguished from other
streptococci by their ability to grow between 10°C and 45°C, at pH 9.6 and in the
presence of 6.5% NaCl (Holt et al, 1994). The genus streptococcus was eventually
divided into three genera, streptococcus, enterococcus and lactococcus, such that
S. faecalis and S. faecium became Enterococcus faecalis and Enterococcus faecium,

respectively (Schleifer and Kilpper-Balz, 1984).

1.3. The Enterococci.

The genus Enterococcus includes the strains shown in table 1.1. Of these
strains, only two are routinely isolated, namely E. faecalis (85%-90%) and E. faecium

(5%-10%) (Moellering, 1992).

Table 1.1. Currently accepted species of enterococci (Moellering, 1992).

E. faecalis E. avium

E. faecium E. raffinosus

E. casseliflavus E. pseudoavium
E. gallinarum E. malodoratus
E. mundtii E. durans

E. solitarus E. hirae

Enterococci are found in the gut and faeces of virtually all healthy humans.
They are less commonly isolated from the oral cavity, gallbladder, urethra and vagina.
~ Although once thought of as harmless commensals, the frequency of enterococcal
infections has increased, and enterococci are now recognised as significant pathogens
(Moellering, 1992). The 1991 National Nosocomial Infection Survey of the USA
named enterococci as the second most common cause of infection (behind E. coli, and
ahead of Pseudomonas aeruginosa and Staph. aureus), responsible for 12% of

nosocomial infections in the USA between 1986 and 1989 (Schaberg et al, 1991). The
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enterococci are known to cause a number of infections, including wound infections,
soft tissue infections, and rare cases of meningitis and pneumonia (Tailor et al, 1993).

The more significant enterococcal infections are detailed below.
1.3.1. Enterococcal endocarditis.

Enterococci are the third most common cause of endocarditis, accounting for
up to 5-18% of cases (Séheld and Sande, 1990; Megran, 1992). Those most at risk
from enterococcal endocarditis are the elderly (mostly males over 60 years), and
intravenous drug abusers (Tailor et al, 1993). As discussed in section 1.3.4., the most
commonly identified source of bacteraemia prior to enterococcal endocarditis is the
genitourinary tract (Megran, 1992). The prevalence amongst elderly men is apparently
due to the increased number of genitourinary procedures performed, whilst in women,

risk factors also include gynaecological procedures (Tailor et al, 1993).

Whilst bacteraemia is a prerequisite for endocarditis, only a small proportion
of patients with significant enterococcaemia have endocarditis. Of the 153 cases of
enterococcal bacteraemia reviewed by Maki and Agger (1988), only 13 developed
endocarditis. Of these, all had previous heart murmur and 77% had underlying
valvular heart disease. Most significantly, 12 of the 13 cases were community-
acquired, and none were associated with polymicrobial bacteraemia. The explanation
for this may be that community-acquired enterococcal bacteraemia evades detection
longer than an equivalent nosocomial infection, allowing greater opportunity for the
development of endocarditis. Conversely, polymicrobial bacteraemia is associated
~ with high and rapid mortality such that patients may die before endocarditis is

established (Maki and Agger, 1988).

Native valve enterococcal endocarditis (NVE) is most commonly a subacute
infection, and presents in a manner similar to subacute endocarditis of other causes.
The infection is usually left sided, even in intravenous drug abusers, affecting the

mitral or aortic valves, or less commonly both together (Murray, 1990; Megran, 1992).
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Aortic infection frequently requires both aggresisive antibiotic therapy and surgical
intervention to maximise cure rates. Estimates of the overall mortality due to NVE
range from 15-40%, with higher mortality amongst patients with aortic and combined
mitral and aortic valve involvement than in those with mitral valve infection alone
(Rice et al, 1991; Almirante et al, 1991; Megran, 1992). In contrast, prosthetic valve
enterococcal endocarditis (PVE) appears to have a relatively good prognosis. Recently,
two studies were performed, comparing enterococcal infection of native and prosthetic
valves. In each case, PVE responded more favourably to antibiotic therapy, and was
associated with significantly lower mortality than patients with NVE. The mean
duration of symptoms prior to clinical diagnoses were 17.4-18.5 days for PVE and
29.4-31.2 days for NVE. This difference reflects a heightened awareness of risk of
endocarditis among patients with prosthetic valves, and may explain the difference in
severity between the two forms of the disease, since a prolonged period of disease
prior to diagnosis is associated with an increased incidence of relapse and death (Rice

et al, 1991; Almirante et al, 1991).
1.3.2. Intraabdominal infections.

Enterococci are a major part of the normal intestinal flora, and as such are
often isolated from intraabdominal abscesses, usually in combination with other
organisms (Murray, 1990). Their role in the pathogenesis of such infections is unclear,
however, it has been shown that enterococci can translocate from the intestinal lumen
and cause abdominal infection in mice (Wells et al, 1990), and in another study, the
presence of E. faecalis in polymicrobial abdominal infections appeared to be
~ associated with increased morbidity and mortality (Matlow et al, 1989), thus E.
faecalis appears to play a significant role in these infections. Furthermore, the
presence of E. faecalis abscesses represents a significant risk factor for development

of a potentially more serious bacteraemia (Graninger and Ragette, 1992).
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1.3.3. Urinary tract infection.

The most common enterococcal infection is of the urinary tract, usually
nosocomial and associated with instrumentation such as urethral catheterisation.
E. faecalis strains isolated from urinary tract infections (UTIs) appear to have adhesins
specific to urinary tract cells, which may allow more efficient colonisation (Guzman et
al, 1989). Over the course of a 20 year study by Felmingham et al, (1992), the
frequency of isolation of enterococci from UTIs in hospitals rose from 4% in 1971 to
12.6% in 1990, and the 1991 National Nosocomial Infection Survey of the USA listed
enterococcus as the second most common cause of UTIs, isolated from 16% of cases
(Schaberg et al, 1991). The apparent increase in frequency of nosocomial enterococcal
urinary tract infection is likely to be linked to the increasing use of catheterisation,
prior administration of antibiotics which select for resistant enterococci, and the
transmission of resistant organisms by contaminated hospital equipment and personnel
(Murray, 1990). Felmingham et al, (1992) found that urethral catheterisation preceded
infection in 95% of cases. Although most cases of enterococcal UTI are asymptomatic
colonisation, the presence of enterococci in the urinary tract is also a risk factor for the

development of bacteraemia (Graninger and Ragette, 1992).
1.3.4. Enterococcal bacteraemia.

According to a 14 year study by Maki and Agger, (1988), enterococcal
bacteraemia is most likely nosocomial (77% of cases), and usually occurs in
significantly compromised patients (86%). Other risk factors include the presence of
_an indwelling urethral or vascular catheter (76%) and prior administration of
antimicrobial therapy (63%). The most commonly identified source of infection is the
genitourinary tract, being the primary infection site in 21% of cases, followed by the
intraabdominal cavity and wound infections (Graninger and Ragette, 1992; Megran,
1992). The mortality of patients with enterococcal bacteraemia is 43-46% (Maki and
Agger, 1988; Noskin et al, 1991; Gfaninger and Ragette, 1992), however, mortality is
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significantly higher among patients with polymicrobial bacteraemia, and in cases
where septic shock occurs (Noskin et al, 1991). It is often difficult to establish the
contribution of enterococcal bacteraemia to the cause of death, since most patients
have severe underlying disease, or concomitant infection by other organisms. (Maki

and Agger, 1988).

1.4. Problems in therapy of enterococcal infections.

Enterococci are not considered particularly virulent organisms. Most
enterococcal infections are nosocomial and opportunistic. However, enterococci are
still considered significant pathogens because of their ability to resist antimicrobial
agents directed against them, by both intrinsic and acquired mechanisms (Moellering,
1991; Moellering, 1992). The nosocomial nature of most enterococcal infections
compounds the problem, selecting for resistant strains by the large scale use of
antibiotics, and providing routes for rapid dissemination (Murray, 1990). The
emergence and spread of such antibiotic resistance over the last decade has narrowed
the already limited options for treatment of serious enterococcal infections such that
even with the best current options, antibiotic failures are becoming commonplace
(Moellering, 1992; Eliopoulos, 1993a; Swartz, 1994). Resistance may be acquired or
intrinsic; the various mechanisms of enterococcal resistance to antibiotics are

discussed below.
1.4.1. Intrinsic resistance.

Enterococci are intrinsically resistant to a number of antimicrobial agents,
including pB-lactams and aminoglycosides. [B-Lactam resistance (especially to
cephalosporins) is a characteristic of enterococci (Musher, 1990) and appears to be a
result of the low affinity of certain enterococcal penicillin binding proteins for B-

lactams (Williamson et al, 1985; Fontana et al, 1992). This resistance is present in all
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strains of enterococci, including those never previously exposed to antibiotics,
however, resistance is enhanced following exposure of the cells to stepwise increases
in penicillin concentration, suggesting that treatment regimen may significantly affect
response to P-lactam therapy (Hodges et al, 1992). Low-level resistance to
aminoglycosides is also a characteristic of enterococci, apparently due to poor uptake
through the cell wall (Moellering and Weinberg, 1971; Murray, 1990). This relatively
low level resistance preéludes the use of aminoglycoside monotherapy, since the
required MICs exceed achievable serum levels (Musher, 1990). The lack of sensitivity
to B-lactams and aminoglycosides individually has not caused clinical problems in the
past because of the synergistic effect observed when these agents are used in
combination. This effect is apparently due to enhanced uptake of aminoglycosides by
enterococci when grown in the presence of any cell wall active drug, including B-
lactams and glycopeptides (Moellering and Weinberg, 1971; Zimmerman et al, 1971).
Enterococci also exhibit low-level intrinsic resistance to clindamycin, and to the
normally synergistic combination of trimethoprim and sulfamethoxazole (Moellering,

1992).
1.4.2. Acquired resistance.

Enterococci have the ability to gain resistance to a number of antibiotics by the
acquisition of exogenous DNA. Mechanisms of acquisition include inter- and intra-
generic transfer of broad host-range plasmids, (eg the macrolide resistance plasmid
pAMP1, Schaberg and Zervos, 1986), high efficiency plasmid transfer via the
pheromone-inducible conjugation system of E. faecalis (discussed in section 1.5.) and
~ via transposons such as Tn916 and Tn917 (Clewell and Gawron-Burke, 1986;
Schaberg and Zervos, 1986). Such mechanisms have lead to widespread enterococcal
resistance to tetracyclines, macrolides and chloramphenicol, (Moellering, 1991).
However, of greater significance is the emergence of high level resistance to

aminoglycosides, -lactams and glycopeptides.
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1.4.3. High level aminoglycoside resistance.

Since the 1950s, treatment of serious enterococcal infections has exploited the
bactericidal synergy between [B-lactams and aminoglycosides, originally combining
penicillin and streptomycin. However, by the 1970s, 25-50% of enterococci showed
high level resistance to streptomycin and kanamycin (Swartz, 1994), preventing their
use in synergy, and consequently gentamicin replaced streptomycin in the
combination. Gentamicin resistant strains of enterococci were first identified in 1979
(Horodniceanu et al, 1979), and have since been isolated world-wide. In some centres
up to 70% of strains have shown high level (MIC >2000ug/ml) resistance to
gentamicin (Moellering, 1991; Swartz, 1994), and thus were also resistant to
penicillin/aminoglycoside synergy. Aminoglycoside resistance may be due to
chromosomal mutations which alter ribosomal binding or affect drug transport, or
more commonly, due to acquired genes coding for enzymes which degrade the drugs
(Moellering, 1991; Leclercq et al, 1992). Among the most frequently isolated enzymes
are adenylyltransferases, which deactivate streptomycin and 3'-phosphotransferases,
which deactivate kanamycin. Gentamicin resistance is determined by a single
bifunctional 6'-acetyltransferase-2"-phosphotransferase enzyme, which effectively
confers resistance to all aminoglycosides except streptomycin (Ferretti et al, 1986;
Moellering, 1991). Thus when treating serious enterococcal infections, it is important
to screen for resistance to streptomycin, kanamycin and gentamicin before beginning

therapy (Leclercq et al, 1992)
1.4.4. High level B-lactam resistance.

To compound the problem of aminoglycoside resistance, high level resistance
to B-lactams has emerged among enterococci, both by an enhancement of intrinsic
resistance, especially in E. faecium, through increased production of low affinity
penicillin binding proteins (Boyce et al, 1992 Chirurgi et al, 1992; Fontana et al,

1992), or by the acquisition of B—laétamase genes on plasmids (Murray et al, 1986)
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and transposable elements which insert into the chromosome (Rice et al, 1991).
Hybridisation and biochemical studies have suggested that the B-lactamase produced
by resistant enterococci is closely related to that previously isolated from S. aureus,
suggesting that the resistance may have originated in staphylococci and spread to
enterococci (Murray et al, 1986a). Some success in treating these resistant organisms
has been demonstrated with imipenem, or with combinations of ampicillin with the -
lactamase inhibitor sulbactam (Patterson and Zervos, 1989; Markowitz et al, 1991).
However, many strains of P-lactam-resistant enterococci also possess high level
gentamicin resistance, making infections by these organisms extremely difficult to
eradicate, as illustrated by a recent report of an outbreak of infections due to B-
lactamase-producing, gentamicin-resistant E. faecalis (Wells et al, 1992). Urinary tract
infections are less problematic, since drug accumulation in the urine can give rise to
concentrations high enough to overcome resistance mechanisms (Wells et al, 1992)
however, bacteraemias and endocarditis remain a significant problem. Penicillin
resistance due to B-lactamase production is still uncommon, however it presents a
major threat, especially since conjugative transfer has been demonstrated (Coudron et

al, 1992; Swartz, 1994).
1.4.5. Glycopeptide resistance.

Because of their reliable activity against enterococci, the glycopeptide drugs
vancomycin and teicoplanin have proved useful alternatives for treatment of severe
enterococcal infections in cases of penicillin allergy or B-lactam resistance (Leclercq
et al, 1992). They are normally used in synergy with an aminoglycoside, although
~ some reports claim 71% cure of E.faecalis endocarditis with teicoplanin alone
(Schmit, 1992). However, the cure rate was higher in combination with an
aminoglycoside. The first strains of enterococci resistant to vancomycin and
teicoplanin emerged in the late 1980's (Leclercq et al, 1988; Uttley et al, 1988).
Glycopeptide resistant enterococci have since been reported world-wide (Leclercq et

al, 1992) and the rate of isolation of resistant strains appears to be increasing. The
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percentage of nosocomial enterococci resistant to vancomycin in U.S.A. hospitals
increased from 0.3% in 1989 to 7.9% in 1993, and the rate was higher (13.6%) among
isolates from patients in intensive care units (Centres for Disease Control, 1993). The
true figure may be even higher, since some glycopeptide resistant enterococci will not
grow in the absence of vancomycin, and so may be missed in routine screening
(Woodford et al, 1994). In one outbreak in an intensive care unit, vancomycin-
resistant E. faecium were spread to numerous patients via non-disposable handles of
rectal thermometers (Livornese et al, 1992), in another, the organisms spread from a
hospital ward to a local nursing home, where patients were received after hospital
discharge (Frankel, 1994). The problem is being addressed by providing clinicians
with a limited list of situations where vancomycin therapy is appropriate or acceptable

(Frankel, 1994) to reduce the likelihood of selection of vancomycin-resistant strains.

Glycopeptide resistance can occur through three phenotypes, VanA, VanB and
VanC, although only VanA and VanB have been noted in E. faecalis (Arthur and
Courvalin, 1993). The genes for expression of the VanA phenotype are carried upon a
transposon designated Tn/546 (Arthur et al, 1993), which has been found to insert
both chromosomally and on plasmid DNA (Woodford et al, 1993). VanA enterococci
are resistant to both vancomycin and teicoplanin apparently because of a modification
of the target site for these drugs, namely the D-alanyl-D-alanine terminus of stem
pentapeptides in bacterial peptidoglycan. Analysis of the cytoplasmic precursors of
peptidoglycan in VanA strains of enterococci suggests that the D-alanyl-D-alanine
moiety is altered to D-alanyl-D-lactate (Billot-Klein et al, 1992; Handwerger et al,
- 1992; Messer and Reynolds, 1992), resulting in reduced affinity for glycopeptides.
Enterococci expressing the VanB phenotype are moderately resistant to vancomycin,
but generally sensitive to teicoplanin (Arthur and Courvalin, 1993), although a recent
report suggests that increasing numbers of teicoplanin resistant VanB enterococci are
being isolated (Dean et al, 1994). The vanB gene cluster is transferred by

chromosomal insertion of a large (90-250 kb) transposable element (Quintiliani and
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Courvalin, 1994). Cloning of the vanB gene has revealed significant homology to
vanA (Evers et al, 1993; 1994), and modified peptidoglycan precursors ending in D-
ala-D-lactate, identical to those seen in VanA enterococci, have been detected in VanB
strains (Billot-Klein et al, 1994). The lower level of resistance to glycopeptides of
VanB strains, as compared to VanA strains is probably related to the presence of a
pool of residual D-alanyl-D-alanine precursors detected in VanB enterococci (Billot-

Klein et al, 1994).
1.4.6. Treatment of infections due to resistant enterococci.

The emergence of high level resistance to glycopeptides has worsened the
already difficult clinical problem of therapy of serious enterococcal infections such as
endocarditis. Current recommendations for the treatment of enterococcal endocarditis
specify the combination of a f3-lactam with an aminoglycoside for at least 4-6 weeks,
with substitution of a glycopeptide where the use of B-lactams is inappropriate (Tailor
et al, 1993). Successful treatment of a case of aminoglycoside-resistant E. faecalis
endocarditis with high dose ampicillin has been reported (Jones, 1994), however, the
susceptibility of individual strains varies. In cases where all aminoglycosides are
resisted, the clinician must select the most active single drug regimen available, based

on MIC reports for the isolate (Tailor et al, 1993).

Similarly, in cases where enterococci are resistant both to B-lactams and
glycopeptides, serious problems arise, and the situation may be worsened by
concomitant gentamicin resistance (Sader et al, 1994). In view of this real problem of
_ increasing enterococcal resistance, the efficacy of other antibacterial combinations has
been investigated. Some instances of vancomycin-ampicillin synergy in vitro have
been suggested, but reports are conflicting, and susceptibility testing for individual
strains is recommended (Cercenado et al, 1992; Eliopoulos, 1993; 1993a). High dose
ciprofloxacin has been shown to be bactericidal, however its use in monotherapy is not

recommended because of the high risk of selection of resistant organisms
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(Bauernfeind, 1992). However, combining ciprofloxacin with gentamicin, rifampicin
or both has been shown to be effective in a rat model of enterococcal endocarditis
(Whitman et al, 1993). Evaluation of trospectomycin, a new aminocyclitol antibiotic,
has shown bactericidal activity against some enterococci when used in combination
with ampicillin in vitro, however, this combination is yet to be tested in vivo
(Mobarakai et al, 1994). Another new drug, levofloxacin, has also shown bactericidal
activity against multidrug resistant E. faecalis, when used in combination with
ampicillin in vitro, however individual strain susceptibility varies (Smith and Fu,

1994).

There is concern that multiply resistant enterococci may serve as a pool of
resistance genes for spread to other genera. Of particular concern is the ability of
enterococci to transfer high level vancomycin resistance to staphylococci (Noble et al,
1992), raising the possibility of glycopeptide resistance in S. aureus. If resistance to
currently available antibiotics continues to emerge, then effective treatment of
enterococcal infections may require the development of a new generation of
antimicrobial drugs (Eliopoulos, 1993a). Thus a detailed understanding of the
pathogenic mechanisms of enterococci is essential. Despite their being the third most
common aetiologic agents in infective endocarditis, little is known of the pathogenic
mechanisms of enterococci in this respect, with most research having been directed at

viridans streptococci and staphylococci.

~ 1.5. Pheromone-induced plasmid transfer in E. faecalis.

A feature apparently unique to enterococci is the ability to acquire conjugative
plasmids at very high efficiency (enhanced by 105-106-fold for broth matings), in

response to sex pheromones released by plasmid-free strains (Clewell, 1993).
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Early evidence of the ability of E. faecalis to transfer resistance plasmids by
conjugation was provided by Jacob and Hobbs (1974), who later showed that
haemolysin determinants transferred in a similar manner (Jacob et al, 1975). Since
then, the pheromone-inducible plasmid transfer system of E. faecalis has been well
characterised (Clewell, 1993; Wirth, 1994). E.faecalis strains harbouring sex
pheromone plasmids (donor cells) clump when mixed with cells not containing that
particular plasmid '(recipieht cells), whereas both strains show normal behaviour when
incubated alone (Dunny et al, 1978). During this clumping stage, plasmid transfer
occurs from donors to recipients. Once transfer is complete, the clumps disperse, the
population having shifted to one almost entirely of donors (Wirth, 1994). Some of the
E. faecalis sex pheromone plasmids carry bacteriocin/haemolysin determinants, which
have been shown to contribute to virulence (Ike et al, 1984; Jett et al, 1992; Chow et

al, 1993), others encode antibiotic resistance (Murray et al, 1988).

At least 19 pheromone-responsive plasmids are known to exist, each one
responding to a particular pheromone (Wirth, 1994). The sex pheromones are hepta-
or octa-peptides, secreted by recipient strains, indicating to donors that they do not
possess the corresponding plasmid (Clewell and Weaver, 1989). When donor cells
sense the corresponding pheromone, a plasmid-encoded aggregation substance (AS) is
synthesised, which mediates bacterial clumping by adhesion to a chromosomally-
encoded binding substance (BS) present on all other E. faecalis strains (Clewell and
Weaver, 1989). Since donor cells also express BS, they bind to each other as well as to
recipient strains (Dunny et al, 1978). Free lipoteichoic acid was found to inhibit the
_ clumping response, suggesting that cell surface LTA may represent BS (Ehrenfield et
al, 1986). However, more recent mutagenesis studies suggest that the situation is more

complex, involving surface proteins as well as LTA (Bensing and Dunny, 1993).

Aggregation allows plasmid transfer events to occur, however the adhesion is
independent of the transfer process, which requires other plasmid directed proteins

(Olmsted et al, 1991). During aggregation, donor cells produce a surface exclusion
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protein, which prevents transfer of plasmids ffrom donor to donor (Weidlich et al,
1992), increasing the efficiency of conjugation. When a cell acquires a certain
plasmid, it shuts off production of the inducing pheromone, and initiates production of
a pheromone inhibitor, to prevent auto-aggregation in response to any residual
pheromone production (Clewell, 1993). Different sex pheromone plasmids operate
independently of each other, since when an acquired plasmid directs shut off secretion
of the corresponding pheromone, other pheromones are unaffected. Furthermore, when
a donor containing multiple plasmids is induced by a single pheromone, only the

corresponding plasmid is transferred (Ehrenfield, 1986).
1.5.1. The dual role of aggregation substance.

The AS produced by donor cells in response to pheromone has been visualised
on the cell surface as a dense mat of hair-like structures (Galli et al, 1989; Wanner et
al, 1989) directly involved in cell-cell interactions (Olmsted et al, 1993). The
aggregation substances of all known sex pheromone plasmids, with one exception, are
homologous (Galli and Wirth, 1991), and have been shown to include the RGD motifs
Arg-Gly-Asp-Ser, and Arg-Gly-Asp-Val (Galli et al, 1990; Kao et al, 1991), which are
found in proteins mediating adhesion to eukaryotic cells via specific receptors
(Ruoslahti, 1991). This finding led to the hypothesis that AS might mediate
attachment to host cells, and thus act as a virulence factor. This was confirmed by
Kreft et al, (1992) who not only demonstrated E. faecalis attachment to eukaryotic
cells via the RGD motifs, but also found that synthesis of AS was induced by some
component(s) of serum. This suggests that E. faecalis may be able to sense transition
~ into the host, and respond by colonising tissues through expression of AS (Wirth,
1994). Aggregation substance also appears to have a role in the virulence of E. faecalis
in endocarditis, contributing to the size of vegetations, but not to infectivity (Chow, et

al, 1993).
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1.6. Other organisms in infective endocarditis.

A list of aetiologic agents in endocarditis is shown in table 1.2. The
pathogenesis of infective endocarditis is presumed to start with the adherence to, and
colonisation of cardiac tissues by organisms which gain access to the circulation
during brief bacteraemias. The relatively narrow spectrum of organisms which
routinely cause endocarditis, as compared to the large number of organisms frequently
isolated from blood cultures suggests that the events leading to the colonisation of the
heart valve are not random (Johnson, 1993). It is probable that the difference in ability
of organisms to cause endocarditis rests, at least in part, with their ability to adhere to
cardiac tissues (Barco, 1991). The mechanisms by which these events occur are

discussed in section 1.12.

Table 1.2. Aetiologic agents in infective endocarditis. Figures indicate percent of

cases.

Causative Scheld and Sande, Watanakunakorn

agent. ’ 1990 and Burkert, 1993

Streptococci 60-80% 44%
Viridans streptococci ~ 30-40% 35%
Enterococci 5-18% 8%
Other streptococci 15-25% 8.5%

Staphylococci 20-35% 27%
Coagulase-positive 10-27% 20%
Coagulase-negative 1-3% 7%

Gram -ve aerobic bacilli 1.5-13%

Fungi 2-4%

Misc. Bacteria <5%

Mixed infections 1-2%

Culture negative <5-24%
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1.7. Antimicrobial therapy of endocarditis.
1.7.1. General considerations.

Even when treating endocarditis due to organisms which are highly sensitive to
antimicrobials in vitro, complete eradication requires antimicrobial chemotherapy of
up to 6-8 weeks, and relapse is not uncommon. This apparent anomaly reflects the
difficulty in delivery of antimicrobial agents to the infected platelet-fibrin vegetation
(Scheld and Sande, 1990). Bacteria within the endocardial vegetation are separated
from plasma by layers of fibrin and platelets, and the drug levels achieved within the
vegetation are inferior to those measured in plasma. Furthermore the large numbers of
bacteria within the vegetation and their relative metabolic inactivity contribute to the
difficulty of eradicating such infections (Carbon et al, 1993). This is particularly true
for B-lactam antibiotics, which require cell growth in order to be bactericidal.
Furthermore, with some organisms, large concentrations of PB-lactamase can occur
within the vegetation, which can inactivate -lactams, even when used in combination

with B-lactamase inhibitors (Carbon et al, 1993).
1.7.2. Choice of drugs.

In general, parenteral therapy is preferred to oral therapy, because of more
controllable and reliable plasma levels, and extended drug administration is required
to reduce the chances of relapse. Bacteriostatic drugs, such as tetracyclines and
erythromycin should be avoided in favour of antibiotic combinations which produce a
rapid bactericidal effect, such as the combination of B-lactam with aminoglycoside
* (Scheld and Sande, 1990). For appropriate therapy, the causative organism must be
isolated before the initiation of antibiotic treatment, and its susceptibility to antibiotics
determined. In the case of B-lactam resistance, vancomycin can be substituted, and in
the case of streptomycin resistance, gentamicin is often effective (Eliopoulos, 1993). A
typical therapeutic regimen for treating streptococcal endocarditis may consist of

aqueous penicillin G, 10-20 million units daily, (by intravenous infusion) every six
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hours for four weeks, combined with streptomycin, 500mg (or gentamicin 80mg)
intramuscularly every 12 hours for the first two weeks (Scheld and Sande, 1990).
Alternatively, the final two weeks of therapy may be by way of oral amoxycillin

(Littler and Shanson, 1989).

When treating penicillin-resistant streptococci or enterococci, which are
intrinsically resistant to many commonly used drugs, treatment should be in
combination with aminoglycosides for 4-6 weeks, with monitoring for aminoglycoside

toxicity (Scheld and Sande, 1990).

Studies on the treatment of S. aureus endocarditis with combined -lactam and
aminoglycoside regimens indicate that an enhanced effect is not evident after 5 days of
treatment, beyond which the risk of nephrotoxicity outweighs the clinical benefits

which may be achieved through continued use of these drugs (Bayer, 1993).
1.7.3. Surgery.

Cardiac surgery, particularly valve replacement has considerably reduced
mortality in infective endocarditis in patients with serious haemodynamic or infective
complications and where medical treatment alone is insufficient to control the disease

(Littler and Shanson, 1989).

1.8. Prophylacxis of infective endocarditis.
_ 1.8.1. General principles.

Any surgical or dental procedure which damages a mucosal surface can cause a
bacteraemia which may last in excess of 15 minutes. During this time, bacteria may
lodge upon the myocardium, resulting in infection. Certain cardiac conditions pre-
dispose to endocarditis, and furthermore certain dental and surgical procedures cause

bacteraemia with organisms more likely to cause endocarditis than other procedures.
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Thus, prophylactic therapy is recommended for those at risk of endocarditis, who are
undergoing procedures likely to produce bacteraemia with endocarditis-causing
organisms, such as dental procedures and genito-urinary tract or gastro-intestinal

surgery (Dajani et al, 1990).
1.8.2. Antibiotic prophylaxis.

The aim of antibiotic prophylaxis is to provide adequate serum antibiotic levels
during and after the risk procedure. Only in cases of prolonged bleeding should the
treatment be continued beyond the procedure itself, to avoid the likelihood of
resistance emerging. The prophylactic therapy is directed towards those organisms
most likely to cause endocarditis from a given site. Thus, prophylaxis prior to dental
procedures is aimed at viridans streptococci, whilst that prior to gastro-intestinal or
genito-urinary tract surgery is directed towards enterococci. The recommended
prophylactic regimen for dental procedures is either amoxycillin 3g, erythromycin 1g
or clindamycin 300mg orally prior to procedure, followed by half the initial dose 6
hours later. If the oral route is not acceptable, ampicillin or clindamycin may be given
parenterally. For genitourinary or gastrointestinal procedures, ampicillin 2g, plus
gentamicin 1.5 mg/kg should be given intravenously 20 minutes before the procedure,
followed by amoxycillin 1.5g, 6 hours later. In the case of penicillin allergy,

vancomycin 1g (intravenous) may be substituted for ampicillin (Dajani et al, 1990).

Because of the prevalence of endocarditis-causing viridans streptococci in the
oral cavity, patients undergoing dental procedures are particularly at risk. Accordingly,
~ the American Heart Association recommends that risk patients should establish and
maintain the best possible oral health. Furthermore, the application of chlorhexidine
mouthwash prior to dental procedures as an adjunct to antibiotic prophylaxis is

suggested (Dajani et al, 1990).

The antibiotic prophylaxis of endocarditis has been the subject of some

controversy. A proportion of patients develop endocarditis, even if they have no
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known predisposing heart lesion, and so are not targeted for therapy, and there is no
direct clinical trial evidence to support the effectiveness of antibiotic prophylaxis
(Littler and Shanson, 1989). Indeed, such a trial would encounter major ethical issues.
The rationale behind antibiotic prophylaxis is sound, but the fact that the number of
cases of endocarditis has not dropped since the introduction of systemic antibiotics,
and that some cases of endocarditis have still occurred despite appropriate prophylaxis
raises questions over the efficacy of such treatments (Barco, 1991). Antibiotics do not
prevent transient bacteraemia following surgical procedures, but rather they serve to
eradicate the organisms once in the bloodstream, and because the sensitivity of
bacteria to antibiotics can be variable (Barco, 1991), treatment with a single antibiotic
may be inappropriate. However, without sound clinical evidence that such treatments
are effective, it would be inappropriate to subject a patient to the risk of toxicity

associated with more aggressive therapy.

1.9. Pathology of infective endocarditis.

If left untreated, the infection causes severe damage to the heart valves and
surrounding tissue, can cause constant bacteraemia by release of infecting organisms
into the circulation, and can lead to other systemic complications. Bacteraemia
produces symptoms of fever, rigors, anaemia and anorexia (Littler and Shanson,
1989). Activation of host defence mechanisms leads to the presence of circulating
immune complexes, which can become lodged in the vasculature (Kaye, 1985),
. leading to a range of systemic events including renal dysfunction, splenic infarction
and cerebral haemorrhage (Watanakunakorn and Burkert, 1993). During active
infective endocarditis, renal architecture is always altered, even in the absence of

clinical or biochemical evidence of renal dysfunction (Scheld and Sande, 1990).
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1.9.1. Cardiac damage.

Local invasion of cardiac tissue leads to valve damage, often resulting in
incompetence, and sometimes perforation, presenting as congestive heart failure in up
to half of endocarditis cases (Megran, 1992). Perivalvular extension of infection
(PVEI), ie the spread of infection from the heart valve to the surrounding tissues is a
major, potentially fatal complication of endocarditis. Prosthetic valves are particularly
at risk. Extension of infection most commonly occurs into the cardiac tissue
immediately adjacent to the valve ring, causing perivalvular abscess, aneurysms,
intracardiac fistulas and valve dehiscence. Furthermore, extension into conduction

fibres can cause partial or complete heart block (Carpenter, 1991).
1.9.2. Embolic phenomena.

Sections of an infected cardiac vegetation can be dislodged from the site of
infection and be carried in the circulation, leading to the formation of septic emboli
and abscesses. Embolic phenomena are common in infective endocarditis, being
detected in 45-65% of cases at autopsy, most commonly affecting the renal, splenic,
coronary or cerebral circulation. Renal defects are invariably present, cerebral emboli
occur in at least one third of all cases, and in cases where the right side of the heart is
involved, pulmonary emboli are common (Scheld and Sande, 1990). If abscesses form,
they can serve as sources for re-infection of the heart valve, leading to failure of

therapy. If left untreated, the infection is almost invariably fatal.
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1.10. Clinical presentation.

Infective endocarditis is a systemic disease which can present with unusual or
important symptoms in virtually every organ system of the body. However, according
to two recent surveys of endocarditis cases, the most common clinical manifestations
of infective endocarditis are fever and heart murmur (Megran, 1992; Watanakunakorn
and Burkert, 1993). The other symptoms and physical findings of infective
endocarditis are listed according to frequency in table 1.3. The presentation of
endocarditis is varied and in some cases, the presenting symptoms are so vague that it
is not possible to establish infective endocarditis until autopsy (Watanakunakorn and

Burkert, 1993).

Many of the clinical symptoms listed in table 1.3. are the result of peripheral
embolisation or the presence of circulating immune complexes (Maisch, 1989).
Ostlers nodes are small painful lesions found in the pads of fingers or toes, and arise
from immune complexes in dermal blood vessels. Roth spots are retinal lesions
surrounded by oedema and haemorrhage, splinter haemorrhages are seen in the finger
or toe nails, and petechiae, resulting from local vasculitis or emboli usually occur on
the conjunctiva or buccal mucosa. Janeway lesions, subcutaneous abscesses due to
septic emboli, are relatively uncommon in endocarditis (Megran, 1992). The
presentation of infective endocarditis depends very much upon the course of the
infection. Enterococcal endocarditis generally presents in the subacute form, allowing
many of the above symptoms to occur. Infection by S. aureus however is more often

acute and fulminant, presenting with fever and sepsis symptoms (Bayer, 1993)
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