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Introduction

There are many factors that contribute to the success of an
antimicrobial treatment regimen for serious gram-positive
infections. Factors to consider include the following: the
development of resistance, clinical efficacy, predictable
pharmacokinetics, convenience, and cost. The presence of
resistance in the target species and how frequently it
occurs is also an important consideration. In addition, the
agent’s propensity to select or promote the growth of C.
difficile and the likelihood that it propagates resistance in
other species may influence the physician’s choice of
antibiotics.

Clinical efficacy may vary and may be influenced by vari-
ous factors such as whether an agent is bactericidal or bac-
teriostatic and whether it has activity in biofilms. The
amount of free drug at the site of infection (e.g., pul-
monary, CSF, urine) will also be important. Evaluation of
an antibiotic includes not only its pharmacokinetics but
also the potential for toxicity and drug interactions.
Convenience and ease of administration are determined by
route and frequency of administration and, along with the
actual cost of the antimicrobial agent, will affect the ulti-
mate cost of therapy.

Resistance

Resistance among enterococci, particularly Enterococcus
Jfaecium, to glycopeptides is prevalent and is an ongoing
therapeutic challenge. E. faecium clinical isolates in the
U.S. are often highly resistant to ampicillin, vancomycin
and aminoglycosides. Although rare, resistance is also
emerging among Staphylococcus aureus including the
true vancomycin-resistant S. aureus (VRSA; minimum
inhibitory concentration [MIC] vancomycin is > 32 png/mL)
and vancomycin-intermediate S. aureus (VISA; MIC van-
comycin is 8-16 pg/mL)." However, the phenomenon of
“heteroresistance” may be more common. Heteroresistance
refers to the variability of vancomycin susceptibilities
among subpopulations of a single isolate. A heteroresis-
tant isolate contains a majority population thatis suscepti-
ble to vancomycin (<4 pg/mL) and a minority population
thatis resistant.”

Those strains that produce colonies on vancomycin (4 pg/mL)

containing brain heart infusion (BHID) agar with vancomycin
MICS of <4 pg/mL are termed heteroresistant VRSA or
hetero-VRSA. One large study found that the overall inci-
dence of heteroresistant populations with reduced suscepti-
bilities was 0.2% with only 2 of 630 isolates demonstrating
heteroresistance.” The clinical significance of VISA, hetero-
VISA, or other staphylococcal isolates with reduced suscep-
tibility to vancomycin has not yet been determined.
Anecdotal evidence from reports of individual patients who
failed vancomycin therapy or who had prolonged bac-
teremia without any identifiable reason suggests that hetero-
resistance is important.

Moore and colleagues tested paired S. aureus isolates from
a patient with infective endocarditis who had relapsed after
vancomycin therapy and was later cured by combination
therapy with rifampin and vancomycin.” The pre-treatment
and clinical relapse isolates were typed by pulsed-field gel
electrophoresis (PFGE) and determined to be the same
strain (MICs <2 pg/mL) confirming a relapse rather than a
new infection in this patient. The presence of a subpopula-
tion that grew on vancomycin-containing agar in the post-
therapy clinical relapse isolate but not in the pre-therapy
isolate indicated heterogenous resistance to vancomycin. In
the rabbit model of endocarditis, vancomycin eradicated
the pre-therapy isolate, while the clinical relapse isolate
persisted at pre-treatment levels. The data from this animal
model showing a poorer outcome with the isolates show-
ing heterogenous resistance to vancomycin strongly suggest
that this phenomenon is clinically relevant.

Fridkin et al conducted a nested case-control study of
patients in the U.S. who were infected with S. aureus with
reduced vancomycin susceptibility (4-8 ng/mL)." Bloodstream
infections with S. aureus were more common among
patients infected with S. aureus strains with reduced van-
comycin susceptibility (68% 13/19; OR 5.4 [1.5-21] ) than
among control patients (28%; 12/42) without reduced sus-
ceptibility (MIC <2 pg/mL). In a multi-variate analysis, the
authors determined that the presence of reduced susceptibil-
ity strains was an independent predictor of in-hospital death.
Thus, these heterogeneously resistant strains appear to be
significant not only in animal models, but this case control
study also supports this conclusion.**



Efficacy of Vancomycin versus Beta-Lactam Antibiotics
Published in-vitro and animal model data support the con-
cept that vancomycin is not as effective against susceptible
S. aureus infections as the beta-lactam antibiotics. Small
and Chambers performed time-kill studies on 10 isolates of
S. aureus from intravenous drug users with S. aureus endo-
carditis treated with vancomycin. The mean MICs were
comparable for nafcillin and vancomycin (0.5 pg/mL and
1pg/mlL, respectively). However, in time-kill curves, the
geometric mean CFU at 24 hours for nafcillin and van-
comycin was reduced to 2.8 and 1.4 logiw CFU/mL, respec-
tively, showing that vancomycin was less rapidly bacterici-
dal than nafcillin.?

Data from experimental infective endocarditis rabbit mod-
els (methicillin-susceptible S. aureus [MSSA] suggest that
oxacillin is more rapidly bactericidal against staphylococ-
c¢i than vancomycin.”” Two different studies were con-
ducted in the same laboratory with the same control
strains, which were variants of a single strain that dif-
fered in their response to thrombin-induced platelet
microbicidal protein-1(tPMP-1). After two days of treat-
ment, the mean logw concentrations in the ISP479C strain
were 6.2-6.8 CFU/g in the control group, 4.9 CFU/g in
the vancomycin group, and 2.3 CFU/g in the oxacillin
group. Similarly, with the ISP479R strain, mean logo con-
centrations were 6.7-6.9 CFU/g, 6.7 CFU/g, and 3.7
CFU/g in the three groups, respectively.

In another study using the experimental infective endo-
carditis rabbit model, Cantoni and colleagues looked at two
different strains of methicillin-susceptible S. aureus.” For
one of these strains, they found that the percentage of ster-
ile vegetations among vancomycin-treated animals (12/18)
was significantly less than that among cloxacillin- or amoxi-
cillin/sulbactam-treated rabbits (25/27; p=0.017). However,
with another strain there was no statistical difference in the
number of sterile vegetations between the vancomycin
(5/6)cloxacillin or amoxicillin/sulbactam (15/18) groups. In
a similar experimental model, de Gorgolas et al also found
no statistically significant difference between vancomycin
(1.6 £1 CFU/g) and cloxacillin (2.3+1.7 CFU/g).” Strain vari-
ability in these reports may contribute to differences in
reported results.

The activity of penicillin against a heterogenously methi-
cillin-resistant clinical isolate of S. aureus (MRSA) was com-
pared with that
of vancomycin
in the rabbit
experimental
endocarditis
model. Penicillin
was significantly
more effective
(4.6 CFU/g ver-
sus 7.0 CFU/g;
P<0.001) than
vancomycin
against the non-
penicillinase-
producing
strains in vivo."
An extended-
spectrum
cephalosporin
(BAL 9141) with
broad in vitro
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Table 1

Daily Acquisition Costs
Drug Frequency of Administration Cost
Vancomycin.............. 1gmQ12hr.....oovvviiiiinn $8
Nafcillin .................. 1gmQ4hr ...ooovviiiiiiiinnn $12
Linezolid ............... 600 mg Q12hr........ $132/98 (IV/ PO)
Daptomycin .............. 500mgvial ........ouiiii $135
Synercid ................ 500mgQ8hr .........ovnnnnnn. $300
Minocycline ............. 100mgQ12hr.......... $7412 (IV/ PO)
Rifampin ............... 600 mg Q12hr......... $100/6 (IV/ PO)
Pharmacy acquisition costs in a Houston hospital, 2004.

activity against MRSA was investigated in rats with experi-
mental endocarditis using two strains of penicillinase-pro-
ducing MRSA. In each strain, only the cephalosporin
resulted in 100% sterile vegetations compared with 25%
and 50% with vancomycin (P<0.05)."

The clinical, animal, and in vitro data described above sup-
port the concept that vancomycin is not as effective against
MSSA, at least for some S. aureus strains and disease states,
and that some beta-lactams (with good PBP2a activity) may
also be more active than vancomycin against MRSA. It
appears that vancomycin, in general, would be more bacte-
ricidal than other agents such as linezolid or
quinupristin/dalfopristin against strains with constitutive
erm expression.

Convenience

Factors of convenience are important in considering pros
and cons of antibiotic use and include route and frequency
of administration, monitoring, drug interactions, and tissue
penetration. While vancomycin can be administered orally
for a few indications (i.e., the treatment of pseudomembra-
nous colitis due to C. difficile or S. aureus enterocolitis),
administration is via the intravenous route for systemic
infections or intraperitoneally in some patients with peri-
toneal dialysis. Frequency of administration is generally
every 12 hours but will be less frequent in patients with
impaired renal function. Certain populations of patients
(young, very obese, and those with burns or very good
renal function) may require more frequent administration
(every 6-8 hours). Many clinicians agree that vancomycin
has predictable pharmacokinetics such that therapeutic lev-
els do not need to be monitored. Monitoring blood levels
may be important, however, in certain clinical situations,
especially in complex or atypical patients with high flux
membrane dialysis, neonates, and when ascertaining and
documenting appropriate CSF concentrations.

Glycopeptides (vancomycin, in particular) lack metabolic
interactions that are problematic with some agents.
Vancomycin is poorly metabolized and is mainly excreted
unchanged in the urine, therefore, interactions with other
drugs that are metabolized by hepatic isoenzymes, such as
the CYP450 system, are unlikely. However, vancomycin
administration may potentiate nephrotoxicity and ototoxici-
ty of concomitantly administered aminoglycosides.



Vancomycin penetrates well into many body fluids and
highest concentrations are probably found in the urine.
However, tissue penetration with vancomycin is relatively
poor in the lung epithelial lining fluid and in macrophages.
Unless the meninges are inflamed, there is also little pene-
tration in the CSF. While vancomycin levels are thought to
be adequate in the CSF of children, penetration is variable
in the CSF of adults.”

Cost

Cost of administration is a necessary consideration in any
clinical setting. Daily acquisition costs of various drugs in
the hospital setting are listed in Table 1. With the excep-
tion of oral minocycline or oral rifampin, vancomycin 1gm
administered every 12 hours was the least expensive drug
to administer at $8 per day compared to other drugs used
to treat MRSA. However, drug acquisition cost is not the
only aspect of total drug cost, which must also include
direct medical costs such as preparation and administration,
monitoring, treatment of adverse events, and therapeutic
failure. Using a decision analytic model, Shah et al evalu-
ated the total cost of administering IV vancomycin as pri-
mary treatment of MRSA." The authors incorporated the
costs of drug acquisition ($9/dose), set-up, monitoring, and
adverse events and estimated the total cost per vancomycin
dose at $29-$43, for a typical cost/day of $58-$86 (twice
daily dosing), which is still considerably lower than the
costs of administering other IV agents that are being used
to treat MRSA.

Adverse Effects

As is true with other therapies, vancomycin therapy has the
potential for adverse reactions. The most common adverse
reactions associated with vancomycin therapy include the
“red man/red neck” syndrome, rashes, neutropenia,
nephro- and oto-toxicity, and phlebitis. The red man syn-
drome results from rapid intravenous infusion or larger
than normal dose of vancomycin that causes a histamine-
like reaction characterized by flushing and maculopapular
rash of the neck, face, trunk, and extremities, hypotension,
and rarely, cardiac arrest. Other rashes range in their level
of severity (maculo-papular, toxic epidermal necrolysis,
Stevens-Johnson, linear IgA bullous disease) and occur in
1-3% of patients. The incidence of neutropenia is 1-2% but
may occur in up to 13% of patients on longer-term therapy
(e.g., 6 weeks). Ototoxicity and nephrotoxicity are uncom-
mon to rare when vancomycin is used alone, but may be a
concern when used in conjunction with aminoglycosides.
Phlebitis is reported in about 3-14% of patients.

Hematologic effects of long-term vancomycin use may
be a limitation of therapy in the treatment of gram-posi-
tive infections. The hematologic effects of long-term
vancomycin treatment (mean=42 days of treatment)
were compared to those of linezolid in 65 adults with
gram-positive bacterial orthopedic infections requiring
>2 weeks of vancomycin or linezolid therapy.” A mod-
est reduction in platelets occurred (<150 x 10’
platelets/L) in 21% of patients while a more marked
reduction (<100 x 10’ platelets/L) occurred in 2% of
patients; mean total reduction in platelets was 39%.
White blood cells were decreased (<1500/mL) in 12% of
patients with a total mean reduction of 41%. The only
significant difference in hematologic effects between the
two agents was a higher incidence of thrombocytopenia
(<150 x 10 platelets/L) in the subset of linezolid
patients who had received vancomycin within two
weeks before starting linezolid therapy (P=0.02).

Vancomycin Use and VRE

Because of the large increase in the rate of occurrence
of vancomycin-resistant enterococci (VRE) in the U.S.
and the United Kingdom, the relationship between van-
comycin use and VRE has been the focus of consider-
able research." Vancomycin is used to a greater extent
in the U.S. than in the rest of the world.” Ecological
data have shown a strong association between higher
rates of vancomycin use and increased prevalence of
VRE in 126 U.S. ICUs (P < 0.001 by linear regression
analysis) although lack of individual-level data in stud-
ies such as this one make it difficult to determine if the
association is causative in nature.” In a recent review by
Harbarth et al, the authors noted that many studies
reporting a link between IV Vancomycin and VRE did
not control for other confounders such as length of stay
and use of other antibiotics.” It is also difficult to deter-
mine true de novo acquisition of VRE in retrospective
studies since these studies often did not demonstrate
that VRE-positive patients were truly VRE negative at
study entry.

Nevertheless, the rate of VRE in nosocomial infections is
higher in the U.S. than anywhere else in the world with
17% of U.S. isolates identified as resistant strains in 1999.*
The epidemiology of VRE in the U.S., however, is different
from that in Europe. Strong data exist to support a link
between oral administration of vancomycin (now widely
discouraged) and nosocomial VRE infections in the U.S.”" In
Europe, the spread of VRE was associated with the use of
oral avoparcin as a growth promoter in animal feeds,
which is now banned. * Use of broad spectrum
cephalosporins and/or anti-anaerobic antibiotics may have
had a more pronounced influence than vancomycin on
increasing VRE."

Conclusions

In summary, there are clinical advantages and disadvan-
tages for prescribing glycopeptides (e.g., vancomycin) for
the treatment of serious gram-positive infections in the
U.S. (Table 2). Advantages (the pros) include low initial
acquisition costs (although administrative costs need to be
considered), no metabolic interactions with other drugs, a

Table 2

Pros and Cons of Glycopeptide Use

Pros

Low initial acquisition costs

* No metabolic drug interactions

¢ Predictable PK profile with BID dosing
Favorable safety profile, in general

* Documented efficacy, familiar antibiotic

Cons

* Reduced efficacy compared with beta-lactams

¢ IV or IP administration

* Modest to poor CSF penetration (particularly in adults)
* A few potential toxicity issues

* Recent emergence of resistance (VRE, VISA/VRSA)




predictable pharmacokinetic profile with twice-daily dos- enteral administration, modest to poor CSF penetration

ing, a generally favorable safety profile, and documented (particularly in adults), a few potential toxicity issues, and
efficacy as a known and familiar antibiotic. Clinical disad- the recent emergence of resistance among enterococci
vantages (the cons) include reduced efficacy compared and Staphylococcus aureus strains.

with beta-lactams for MSSA infections, the need for par-
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2)

Evidence for the significance of heteroVISA includes

all except:

a) Case reports of relapse of S. aureus bacteremia
after completion of vancomycin therapy

b) Prevalence rates of >50% for hVISA in clinical
laboratories

¢) Demonstration of higher mortality rates among
bacteremic patients infected with hVISA

d) Persistence of bacteremia with hVISA strains
during vancomycin therapy in a rabbit
endocarditis model

Answer:

With regard to glycopeptide pharmacology, which of

the following statements is true?

a) CNS concentrations are poor in the absence of
inflamed meniges

b) Vancomycin is 100% bioavailable when
administered orally

¢) There is excellent penetration of drug into the
epithelial lining fluid of the lung

d) Because of extensive hepatic metabolism,
glycopeptides frequently interact with drugs
metabolized thru the CYP450 system.

Answer:

3)

4)

5)
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“Red man syndrome” and toxic epidermal necrolysis
occur with equal frequency among patients receiving
vancomycin.

a) True

b) False

Answer:
The total daily cost of therapy with vancomycin,

including the cost of drug, administration and
laboratory monitoring, is approximately:

a) $8-14
b) $36-44
o) $58-86
d)  $95-120
Answer:

Data from rabbit models of infective endocarditis
suggest that oxacillin is a more rapid staphylocidal
agent than vancomycin against organisms susceptible
to both.

a) True

b) False

Answer:
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