Vancomycin-resistant Enterococci

Y F Chiew,*m aed. b Sc (Med Microbiol)

“Common conditions occur commonly; uncommon conditions occur less commonly. Uncommon presentations of common conditions are
commoner than common presentations of uncommon conditions.” -adapted from a Singapore professor

Abstract

Vancomycin-resistant enterococci (VRE) are gaining much attention in the West, chiefly because of the lack of available antimicrobial
therapy for VRE infections as most VRE are also resistant to drugs previously used to treat such diseases (e.g. aminoglycosides and
ampicillin), the possibility that the vancomycin-resistant genes present in VRE can be transferred to methicillin-resistant Staphylococcus
aureus (MRS A), and increasing reports of VRE and the trend towards endemicity in North America. There are three case reports and a study
showing stool carriage of more than 10% from Singapore. One of the case reports is notable as the VRE isolated from the urinary tract is
community-acquired. In Europe, there is a strong association between the use of avoparcin (a glycopeptide) in animal feeds and the
emergence of VRE. Clonal dissemination resulting in nosocomial transmission is also demonstrated. Prior vancomycin use is a risk factor
for the subsequent development of VRE bacteraemia. The laboratory plays an important role, namely, a) detection of VRE, and &)
determination of susceptibilities of antimicrobials whereby possible therapeutic options may be instituted when antimicrobial intervention
is indicated. There is a need to evaluate existing infection control measures against VRE to prevent it from becoming endemic in Singapore

as had happened in North America.
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Introduction

Since 1989 a rapid increase in the incidence of infection
and colonisation with vancomycin-resistant enterococci
(VRE) has been reported in hospitals in the United
States.! The problems posed by VRE are as follows:

a) the lack of available antimicrobial therapy for VRE
infections as most VRE are also resistant to drugs
previously used to treat such infections (e.g.
aminoglycosides and ampicillin),?

b) the possibility that the vancomycin-resistant genes
present in VRE can be transferred to other gram-posi-
tive microorganisms [e.g. methicillin-resistant Staphy-
lococcus aureus (MRSA)],® and

¢) the rapid increase of reports of VRE.!

Growing Concerns in the West over VRE

Vancomycin-resistant Enterococcus was first isolated
in Europe in the second half of the 1980s,%*° and currently
appear to be an alarming problem especially in the
United States.® It is the most rapidly increasing antibi-
otic-resistant bacteria reported by hospitals in New Jer-
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sey.” In New York, the number of hospitals reporting VRE
increased from 1 in 1989 to 38 by October, 1991 .2 National
Nosocomial Infections Surveillance conducted by the
Communicable Disease Centre demonstrated a 20-fold
increase in the percentage of enterococci associated with
nosocomial infections that are resistant to vancomycin
from 1 January 1989 to 31 March 1993.°

What about Singapore?

Unlike the West, VRE has yet to become a major
problem in Asia with the sole exception of Taiwan. A
recent seminar “Regional Seminars on Bacterial Resist-
ance” held in Singapore from 13 to 15 December 1995
reported the incidence of VRE in Taiwan and China to be
30% and 7%, respectively. To date in Singapore, VRE has
been isolated in only 3 cases: the first in a wound of a
burns patient in the Singapore General Hospital isolated
in 1994 and the other two from urinary specimens from
the Tan Tock Seng Hospital in 1995." The two patients
with VRE urinary tract infections did not have any prior
antimicrobial therapy while the burns patient had courses
of penicillin and gentamicin but not vancomycin. The
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VRE isolated from the urinary tract of one of the patients
was “community-acquired” which brings into question
the source of VRE acquired in the community. A recently
completed study carried out in 1997 at the National
University Hospital revealed that more than 10% of
patients carried enterococci with a decreased suscepti-
bility to vancomycin in their faeces.> Half of these pa-
tients did not have any prior antimicrobial therapy.
Indeed, VRE is also emerging in Singapore and Asia.

Hospital Transmission of VRE

Bonten et al® investigated colonisation of VRE in
patients and environmental contamination with VRE in
a medical intensive-care unit IMICU), an endemic area
in one of the hospitals in the United States. Their aim was
to assess the importance of different sources of colonisa-
tion. Cultures were taken from the following body sites:
rectum, groin, arm, oropharynx, trachea, and stomach.
The environmental surfaces cultured included bedrails,
drawsheet, blood-pressure cuff, urine containers, and
enteral feed. Bonten et al found that frequent colonisa-
tion with VRE in the MICU and subsequent cross-colo-
nisation were important factors in the endemic spread of
VRE. Persistent VRE colonisation in the gastrointestinal
tract and on the skin, the presence of multiple-strain
types of VRE, and environmental contamination con-
tributed to the spread of VRE. Fingertips were also
common sites for colonisation especially if gloves were
not worn and proper handwashing was not carried
out." Cross-colonisation of enterococci in the process of
clonal dissemination was demonstrated bv the author
using three different molecular typing techniques: ran-
domly amplified polymorphic DNA polymerase chain
reaction method, restriction fragments length polymor-
phism by pulse field gel electrophoresis and conven-
tional gel electrophoresis.’® These findings were also
observed by others working on enterococci.®

Risk Factors Associated with VRE

VRE infections are typically seen in hospitalised pa-
tients with at least one co-morbid condition’® (Table 1).
Nosocomial outbreaks have been reported from medi-
cal-surgical ICUs,'”'® oncology units,'” among patients
with renal failure on haemodialysis,” and among
organ transplant recipients.” Prior vancomycin use and /
or cephalosporin was demonstrated to be a risk factor for
the subsequent development of VRE bacteraemia.?*%*
Kaplan et al*' reported an increased in the incidence of
stool colonisation with VRE following vancomycin use.
These data are particularly relevant since stool colonisa-
tion may be a precursor of invasive VRE infection.!®

A review analysing the clinical outcome of 96 evaluable
patients derived from different reports® found that the
overall mortality was 55.2% (range 28% to 100%). Stud-
ies have reported an increased in mortality of patients
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TABLE I: RISK FACTORS FOR VRE INFECTION}

Advanced age
Severe underlying illness
Immunosuppression
ICU residence
Prior hospitalisation
Surgery (especially gastrointestinal, cardiothoracic and transplantation)
Antibiotic exposure
Third-generation cephalosporin
Vancomycin use
Antibiotics effective against anaerobic organisms
Invasive devices

Data are obtained from ICUs, oncology units, dialysis units and organ

transplant units.

+ Adapted from: Joshi N, Milfred D, Caputo G. Vancomycin-resistant
enterococci: a review. Infect Dis Clin Prac 1996: 5:528-37.

with VRE bacteraemia compared with that of control
patients with vancomycin-sensitive enterococcal bacter-
aemia.l?

Animals are associated with VRE transmission

Shortly after the first report about the natural occur-
rence of vancomycin-resistant Enterococcus faecium pos-
sessing the vanA gene-mediated resistance mechanism,
numerous outbreaks caused by VRE had been recorded
in a variety of clinical settings. Although not all of the
VRE isolates from these outbreaks were subjected to
molecular typing, there are examples for both exog-
enous infections by spread of a particular strain, pre-
sumably related to poor hospital hygiene,*” and endog-
enous infections as indicated by different typing pat-
terns of corresponding enterococcal isolates. The latter
findings suggest that VRE has spread among the com-
munity and may have become part of the intestinal flora
of patients entering hospitals.* Widespread VRE out-
side hospitals was already established by isolation from
sewage treatment plants.?? The finding of VRE in a
sewage treatment plant in a rural area of former East
Germany with only exceptional and rare use of
glycopeptides in the local hospital?” suggested that hos-
pitals may not be the only source of VRE, and that other
centres of selective pressure had to be looked for. Be-
sides their use in human chemotherapy, glycopeptides
are also used as growth promoters in animal husbandry.
Since the late 1970s, the glycopeptide avoparcin (Avotan,
Cyanamid International) has been available as a feed
additive in many countries (although not in the United
States and Canada). Selective pressures in favour of
glycopeptide resistance should be critically evaluated,
not only in human chemotherapy but also urgently in
animal husbandry.?

Genetics of Glycopeptide Resistance in Enterococci
The glycopeptide antibiotics, vancomycin and
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teicoplanin, inhibit the late stages of cell wall synthesis
by forming a complex with the C-terminal D-alanyl-D-
alanine (D-Ala-D-Ala) residues of peptidoglycan pre-
cursors.” These target resides are synthesised as a dipep-
tide D-Ala-D-Ala in the cytoplasm by a D-Ala:D-Ala
ligase and are added to UDP-N-acetylmuramyl-L-Ala-
v-D-Glu-L-Lys by a D-Ala-D-Ala adding enzyme.

Glycopeptide resistance in enterococci is
phenotypically and genotypically heterogeneous.® These
features are summarised succinctly in Table Il. The
genes responsible for inducible resistance to high levels
of vancomycin and teicoplanin (VanA phenotype) are
carried by the 10 851-bp Tn1546 transposo.” Transposi-
tion of Tn1546 into self-transferable plasmids and
subsequent transfer by conjugation appears to be re-
sponsible for the dissemination of this type of resist-
ance.® Nine polypep tides are encoded by Tn1546 that
belong to five functional groups:** transposition func-
tions (ORF1 and ORF2), regulation of resistance gene
expression (VanR and VanS), synthesis of modified pep-
tidoglycan precursors (VanH and VanA), hydrolysis of
D-Ala-D-Ala-containing peptidoglycan precursors
(VanX and VanY), and low-level teicoplanin resistance
(VanZ). VanB-type resistance (various levels of resist-
ance to vancomycin and susceptibility to teicoplanin) is
also due to production of D-Ala-D-Lac. The VanB ligase
of VanB-type strains is structurally and functionally
similar to VanA.* The VanB gene was found on compos-
ite transposon Tn1547, which in turn, was part of larger
conjugative chromosomally located elements (90 to 250
kb). In contrast to acquired VanA- and VanB-type resist-
ance, VanC-type resistance (low level of resistance, to
vancomycin and susceptibility to teicoplanin) is an in-
trinsic property of motile enterococci. Resistance in these
species is due to synthesis of dipeptide D-Ala:D-Ser by
VanC ligases leading to production of cell wall precur-
sors with reduced vancomycin affinity.*

Laboratory Detection of VRE

The success of the hospital’s infection control efforts
over VRE whether nosocomial or community-acquired
hinges to a large extent on the active involvement of the
laboratory in all aspects of the infection control pro-
gramme. Laboratory personnel should understand why
infection control is necessary, the approaches being
taken by the hospital’s infection control programme to
meet its objective in reducing nosocomial infections, and
how the laboratory can support and cooperate in the
programme.

The methods available in the rapid screen for VRE
include disk diffusion tests and agar or broth methods.
Initial problems with detection of resistance using disk
diffusion led to recommendations of new diffusion break-
points.® It is recommended that any haze or colonies
within the zone be taken into account when determining
zones of inhibition and that a minimal inhibition concen-
tration (MIC) test be performed for strains with interme-
diates zones if vancomycin is considered for treatment.
Examples of rapid agar and broth screen methods are:
kanamycin aesculin azide enrichment broth supple-
mented with vancomycin 20 mg/L,* brain heart infu-
sion agar supplemented with vancomycin 6 mg/L,*
Campylobacter blood agar with clindamycin and van-
comycin 10 mg/L,* enterococcosel broth with vanco-
mycin 6 mg/L,* and brain heart infusion broth supple-
mented with vancomycin 4 mg/L, amphotericin 2 mg/
L and aztreonam 4 mg/L.*® The broth methods require
further subculturing onto agar plates in order to isolate
the colonies. Colonies are specifically identified as ente-
rococci by the pyroglutamyl-beta-naphthylamide (PYR)
and bile esculin tests. Further testing using API 20 Strep
(Bio Merieux SA, France) confirms the genus and iden-
tifies the species. Comparison of pigment production
and motility tests together with API 20 Strep kit are
sufficient for identifications of E. faecium, Enterococcus

TABLE Il: GLYCOPEPTIDE RESISTANCE IN ENTEROCOCCI¥

Acquired Intrinsic

Resistance ’ High level Various levels Low Leve
Phenotype VanA VanB VanC
MIC (ug/ml)

Vancomycin 64— 1000 4 1000 2-32

Teicoplanin 16 - 512 05-1 05-1
Expression Inducible Inducible Inducible constitutive
Location of R genes Plasmids Chromosome Chromosome

Plasmids
Mobile element Tnl546 90 - 250 kb
Transfer by conjugation + +

Microorganism Enterococcus spp.

E. faecium, E. faecalis

E. gallinarum, E. casseliflavus,
E. flavescens

+ Adapted from: Evers S, Quintiliani Jr R, Courvain P. Genetics of glycopeptide resistance in enterococci. Microbia

Drug Resistance 1996; 2:219-23.
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casseliflavus, and En terococcus gallinarum.*® The latter two
species produce VanC resistance and are less reliably
identified by commercial kits. Commercial vancomycin
agar screen plates are also available for detection of VRE.
At least five commercial sources are known: BD Micro-
biology Systems, Carr-Scarborough Microbiologicals,
MicroBio Products, PML Microbiologicals, and REMEL.
Detection of VRE ranged from 94% for BD Microbiology
Systems to 99% for PML Microbiologicals.*® Automated
systems such as Vitek software version 7.1 has also being
evaluated and the GPS-TA card was found to be 98%
sensitive and 95% specific for the detection of vancomy-
cin resistance, generating a total of four very major
(1.6%) and five minor errors (1.3%).* Oon and the au-
thor'? carried out pilot experiments evaluating several
methods and the following observations were made: the
Swenson et al® method is not suitable as it could not
suppress yeasts and gram-negative rods which are
present in large numbers in stool specimens, while the
Rao et al®* method is cumbersome as it requires
subculturing onto agar plates. We?modified these meth-
ods which comprise of brain heart infusion agar incor-
porated with vancomycin 4 mg/L, amphotericin 2 mg/
L and aztreonam 4 mg/L, and enterococcosel agar with
vancomycin 6 mg/L. The methods are cheap and easy to
produce and the results are readily interpreted.

Other Antimicrobial Resistances

The treatment of VRE infections is a clinician’s night-
mare because the microorganism has multiple drug
resistances. It is intrinsically resistant to cephalosporins,
lincosamides, acquired resistances to tetracyclines (via
genes such as tetM and tetN), the macrolides (via MLS)
and chloramphenicol (via chloramphenicol
acetyltransferase). Enterococci are more resistant to peni-
cillin and ampicillin than streptococci,” E. faecium rather
more so than E. faecalis. Typical MIC values for penicllin
and ampicillin are 2 to 4 mg/L and 0.5 to 2.0 mg/L
respectively for E. faecalis, and 8 to 16 mg/L and 4 to 8
mg/L for E. faecium. Low affinity of the penicillin-bind-
ing proteins accounts for their resistances.
Furthermore, enterococci are usually tolerant to these
antibiotics, necessitating combination with an
aminoglycoside to achieve synergistic bactericidal ef-
fect. The mechanism by which such combinations yield
synergy has been shown to be the facilitation of
aminoglycoside entry by the disruptive effect of antibi-
otics acting on the cell wall.®* The presence of high-level
aminoglycoside resistance (HLAR) implies loss of
synergy between a cell wall active antimicrobial agent
(penicillin or ampicillin) and an aminoglycoside. The
determination of the HLAR phenomenon is therefore
necessary to decide whether or not such a combination
could be used.** As enterococcal resistance to gentamicin
and streptomycin occur by different mechanisms, it is
important to test susceptibilities to both agents. Gen-
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tamicin resistance is predominantly the result of the
presence of the inactivating enzyme 2'-phosphotrans-
ferase-6'-acetyltransferase conferring resistance to gen-
tamicin, tobramycin, netilmicin, amikacin, and kanamy-
cin, while maintaining sensitivity to streptomycin. Hence,
gentamicin resistance is a good predictor of resistance of
other aminoglycosides except streptomycin. Streptomy-
cin resistance is caused mainly by the presence of strep-
tomycin adenyl-transferase, maintaining sensitivity to
gentamicin.

Novel Agents against VRE

There is no standard therapy for VRE. Although some
agents have shown in vitro activity alone or in combina-
tion, including ciprofloxacin, doxycycline, novobiocin,
teicoplanin, chloramphenicol and rifampin, treatment
options are limited to combinations of drugs with mar-
ginal efficacy against the pathogens. Quinupristin-
dalfopristin (RP59500) is a new investigational agent
with activity against gram-positive cocci, including
VRE.® It is a water-soluble streptogramin composed of
two semisynthetic derivatives of the main components
of the oral streptogramin and pristinamycin. These are
quinupristin (derived from pristinamycin 1) and
dalfopristin (derived from pristinamycin II), which al-
though bacteristatic individually, exert bactericidal ac-
tivity in combination against the bacteria. Quinupristin
binds to the 70 S ribosome and, more specifically, to
protein L,, of the 50 S subunit. Dalfopristin appears to
modify proteins L, and L., of the 50 S ribosomal subunit.
Anecdotal reports of cure are seen in VRE causing CAPD-
peritonitis,* shunt infection in infant* and aortic graft
infection.*®

Other examples of novel antimicrobial agents include
fluorinated oxazolidinones U-100592 and U-100766,*
everninomicin SCH 27899,° and semisynthetic amide
derivatives of teicoplanin, MDL 62208, MDL 62211, and
MDL 62873.%

To Treat or Not to Treat VRE?

The clinical significance of positive cultures for VRE
should be carefully evaluated before embarking on drug
treatment. Microbial colonisation does not require treat-
ment although there are reports of subsequent infection
following colonisation especially in immuno-compro-
mised host.> Furthermore, polymicrobial infections in-
volving the abdominal cavity of the skin and soft tissue
in immunocompetent patients frequently respond to
therapeutic options not particularly directly towards
VRE as observed by Lai.”® VRE line-related bacteraemias
could be treated by line removal alone. Surgical site
infections, soft tissue infections, and abscesses could be
managed by surgical debridement and drainage with-
out specific antimicrobial agents against VRE. Removal
of foreign devices, debridement, and surgical drainage
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seemed to be important in the resolution of VRE infec-
tions. Infections of the lower urinary tract may resolve
spontaneously, by removal of Foley catheters or re-
spond to single oral agents, like amoxicillin, nitrofuran-
toin, or ciprofloxacin, because of the very high levels
such agents achieve in the urine, when they are suscep-
tible microbiologically. Life-threatening infections, such
as bacteraemia or endocarditis, usually require bacteri-
cidal therapy. Unfortunately, the paucity of human clini-
cal data and poor correlation of in vitro and animal data
to human infection necessitate the reliance on primarily
anecdotal evidence. The clinical results of one group
may not corroborate those from another because of
different laboratory methodologies and patient
populations. Caution is warranted in the interpretation
of such data since clinical significance is limited by the
small size and uncontrolled nature of the studies.

Based on available data, the following approach to
treat serious VRE infections is suggested:'

1. If the organism retains some susceptibility to gen-
tamicin (MIC <32 mg/L), this agent should be in-
cluded as one component of a combination regimen.
If no cell-wall active agent (e.g. ampicillin or
teicoplanin) is available based on susceptibility test-
ing, the combination of vancomycin and penicillin
with gentamicin should be used, despite the pres-
ence of in vitro resistance to vancomycin or ampicillin
alone. If high-level gentamicin resistance (MIC >500
mg/L) is demonstrated, this agent will no longer be
effective in any regimen.

2. Ciprofloxacin may be employed in combination if the
MIC is demonstrated to be <8 mg/L. Companion
agents may be chosen from ampicillin, novobiocin, or
rifampin. As with gentamicin, ciprofloxacin prob-
ably should not be used if high-level resistance (MIC
>32 mg/L) to ciprofloxacin is documented.

3. Ampicillin or teicoplanin should be used if the isolate
is susceptible, and they should be used in combina-
tion with an aminoglycoside if suggested by MIC or
synergy panel data.

4. Despite low-level ampicillin resistance (MIC <32
mg/L), some benefit may still be derived as
monotherapy, but if the MIC is >64 mg/L, a combi-
nation regimen should be used.

5. In recognition of its anecdotal benefit in some re-
ports, the streptogramin, quinupristin/dalfopristin,
may be considered in similar situations.

6. When other options are lacking, the use of chloram-
phenicol may be cautiously considered.

Infection Control, an Indispensable Tool in the Control of
Nosocomial VRE

Clearly, the arguments thus far indicated that patient-
to-patient transmission of microorganisms can occur
either through direct contact or through indirect contact

via the hands of personnel or contaminated patient-care
equipment or environmental surfaces. Recommenda-
tions of the American Hospital Infection Control Prac-
tices Advisorv Committee are as follows:*

a) prompt notification of hospital staff and education in
hospital VRE policy,

b) establishment of a monitoring system,

¢) isolation of infected or colonised patients in single
rooms or with other patients who have VRE,

d) routine use of gloves by personnel entering the room
(with gowns if there is to be substantial contact),

e) dedication of equipment to a single patient or cohort
of patients with VRE where possible,

f) cultures of stools or rectal swabs to determine coloni-
sation status,

g) maintenance of isolation precautions until cultures
from multiple sites are negative on three consecutive
occasions, and

h) national computerised records of colonised patients.

VRE-Common or Uncommon in Singapore?

The gastrointestinal tract is a possible reservoir for
VRE.* Should more studies of stool carriage be carried
out using rapid screening methods to detect VRE in
other Singapore hospitals? Is there a need to screen
animal imports in view of community-acquired VRE
and to demonstrate the possible role of the food chain in
the spread of VRE? The same vigilance given to methi-
cillin-resistant Staphylococcus aureus should be applied
to VRE as well and precautionary measures may be
necessary before a real epidemic ensues and endemicity
becomes the norm as had happened in the United States.
What types of isolation policies are needed for different
sources of VRE?—stool carriage only, discharging
wounds, ICU patients with multiple lines. Molecular
techniques are needed quickly to confirm the genotypicity
of VRE isolates obtained thus far and to investigate their
DNA-relatedness in order to understand the epidemiol-
ogy and transmission of VRE in Singapore. How many
of the HICPAC recommendations are applicable to hos-
pitals in Singapore and what modifications are neces-
sary for some of them?

There is a need for ‘microbiologists and clinicians to
detect, prevent and control VRE in Singapore using
current information while it is still in its infantile stage.
Herein lies the beauty of preparedness in the endless
saga of man versus microbes.
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