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BSTRACT

 

Background

 

Colonization and infection with van-
comycin-resistant enterococci have been associated
with exposure to antibiotics that are active against
anaerobes. In mice that have intestinal colonization
with vancomycin-resistant enterococci, these agents
promote high-density colonization, whereas antibiot-
ics with minimal antianaerobic activity do not.

 

Methods

 

We conducted a seven-month prospective
study of 51 patients who were colonized with vanco-
mycin-resistant enterococci, as evidenced by the pres-
ence of the bacteria in stool. We examined the density
of vancomycin-resistant enterococci in stool during
and after therapy with antibiotic regimens and com-
pared the effect on this density of antianaerobic agents
and agents with minimal antianaerobic activity. In a
subgroup of 10 patients, cultures of environmental
specimens (e.g., from bedding and clothing) were ob-
tained.

 

Results

 

During treatment with 40 of 42 antianaer-
obic-antibiotic regimens (95 percent), high-density col-
onization with vancomycin-resistant enterococci was
maintained (mean [±SD] number of organisms, 7.8±
1.5 log per gram of stool). The density of colonization
decreased after these regimens were discontinued.
Among patients who had not received antianaerobic
antibiotics for at least one week, 10 of 13 patients who
began such regimens had an increase in the number
of organisms of more than 1.0 log per gram (mean in-
crease, 2.2 log per gram), whereas among 10 patients
who began regimens of antibiotics with minimal an-
tianaerobic activity, there was a mean decrease in
the number of enterococci of 0.6 log per gram (P=
0.006 for the difference between groups). When the
density of vancomycin-resistant enterococci in stool
was at least 4 log per gram, 10 of 12 sets of cultures
of environmental specimens had at least one positive
sample, as compared with 1 of 9 sets from patients
with a mean number of organisms in stool of less than
4 log per gram (P=0.002).

 

Conclusions

 

For patients with vancomycin-resist-
ant enterococci in stool, treatment with antianaerobic
antibiotics promotes high-density colonization. Lim-
iting the use of such agents in these patients may help
decrease the spread of vancomycin-resistant entero-
cocci. (N Engl J Med 2000;343:1925-32.)
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N case–control studies, colonization and infec-
tion with vancomycin-resistant enterococci have
been associated with exposure to vancomycin,

 

1-6

 

third-generation cephalosporins,

 

3-6

 

 antibiotics
that are active against anaerobes,

 

3,6-8

 

 ciprofloxacin,

 

1

 

 and
aminoglycosides.

 

4

 

 The microbiologic basis for these
associations is not well defined. If some antibiotics
promote colonization and infection more than others
that are equally effective, limiting the use of these
agents may limit the spread of vancomycin-resistant
enterococci.

We previously examined the effect of various an-
tibiotics on intestinal colonization with vancomycin-
resistant enterococci in mice.

 

9

 

 In mice with established
colonization, as evidenced by the high density of van-
comycin-resistant enterococci in stool, the adminis-
tration of antibiotics with potent activity against an-
aerobes maintained this level of colonization, whereas
the administration of antibiotics with less potent an-
tianaerobic activity did not.

 

9

 

 We prospectively tested
the hypothesis that antianaerobic antibiotics promote
high-density colonization with vancomycin-resistant
enterococci, whereas antibiotics with minimal anti-
anaerobic activity do not. In a subgroup of patients,
we tested the hypothesis that high-density coloniza-
tion would result in increased shedding of the bacte-
ria, increasing the likelihood of contamination of the
environment.

 

METHODS

 

Study Design

 

We performed a seven-month prospective study of all inpatients
at the Louis Stokes Cleveland Veterans Affairs Medical Center who
had documented or newly diagnosed intestinal colonization with
vancomycin-resistant enterococci. This institution includes an acute
care facility and a nursing home facility that houses patients with
colonization.

Stool samples were collected weekly from all patients with doc-
umented colonization to determine whether colonization was still
present. The samples were refrigerated at 4°C and processed within
one week. Patients who were colonized with 

 

Enterococcus galli-
narum

 

 or 

 

E. casseliflavus,

 

 species that are intrinsically resistant to

I
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low concentrations of vancomycin, were excluded from the study.
Information regarding the demographic characteristics of the pa-
tients, coexisting illnesses, and the use of antibiotic therapy was
obtained through standardized chart review. Written informed con-
sent was obtained from patients for whom environmental specimens
(e.g., from bed linen, bedrails, clothes, and bedside tables) were
obtained for culture. The hospital’s institutional review board ap-
proved the study protocol.

We analyzed the density of vancomycin-resistant enterococci in
stool during and after therapy with all antianaerobic antibiotics and
assessed the effect of initiating therapy with antianaerobic antibiot-
ics as compared with antibiotics with minimal antianaerobic activity.

 

Assessment of the Density of Vancomycin-Resistant 
Enterococci in Stool

 

Antianaerobic antibiotics in the antimicrobial formulary included
piperacillin–tazobactam, ampicillin–sulbactam, amoxicillin–clavu-
lanate, cefoxitin, cefotetan, imipenem–cilastatin, meropenem, met-
ronidazole, clindamycin, alatrofloxacin, vancomycin, and ceftri-
axone.

 

10,11

 

 Vancomycin has potent in vitro activity only against
gram-positive anaerobes, but oral administration of vancomycin
results in marked inhibition of bacteroides species in humans.

 

12

 

 Cef-
triaxone has less potent antianaerobic activity than cefoxitin or cef-
otetan, but it is excreted in bile and markedly decreases the levels
of anaerobic flora in the stool in humans.

 

13,14

 

 Antibiotic regimens
that included more than one antibiotic were classified as anti-
anaerobic if they contained at least one antianaerobic antibiotic.
Antibiotics with minimal antianaerobic activity on the formulary
include ciprofloxacin, levofloxacin, dicloxacillin, nafcillin, cephalex-
in, cefepime, aztreonam, gentamicin, and trimethoprim–sulfameth-
oxazole.

 

10

 

We assessed the density of vancomycin-resistant enterococci in
stool during and after therapy with antianaerobic antibiotics. We
compared oral and intravenous regimens, individual monotherapy
regimens (when sufficient data were available), monotherapy reg-
imens with regimens containing two or more antibiotics, and
monotherapy with clindamycin or metronidazole with regimens
with a broader spectrum of activity (i.e., activity against anaerobes
and Enterobacteriaceae or vancomycin-susceptible enterococci).

 

Comparison of Antianaerobic-Antibiotic Regimens and 
Regimens of Antibiotics with Minimal Antianaerobic 
Activity

 

We compared the effect of initiating therapy with antianaerobic
antibiotics and antibiotics with minimal antianaerobic activity on
the density of vancomycin-resistant enterococci in stool. Patients
were included in the analysis if the results of a base-line determi-
nation of density were available within two weeks before the ini-
tiation of the regimen, if an antianaerobic antibiotic had not been
administered within seven days before the regimen was initiated,
and if density was reassessed at least two days after the initiation
of the regimen but no more than seven days after the completion
of the antibiotic course. If multiple measurements had been made
during the course of antibiotic therapy, the mean (±SD) was de-
termined and used for analysis. Measurements of enterococci were
analyzed on a logarithmic scale (base 10).

 

Environmental Cultures

 

One to three sets of environmental specimens were obtained
from the gowns, linen, bedrails, and bedside tables of 10 patients
with fecal incontinence. The density of vancomycin-resistant en-
terococci was quantified for a stool sample obtained within one
week before the environmental specimens were obtained. Patients
with diarrhea were excluded because diarrhea has previously been
associated with environmental contamination.

 

15

 

 The specimens
were obtained by swabbing 6 cm

 

2

 

 of each designated area with a
premoistened swab. The swabs were placed in Todd–Hewitt broth,
incubated overnight at 37°C, and inoculated onto agar plates (En-
terococcosel, Becton Dickinson, Sparks, Md.), which contained

6 µg of vancomycin per milliliter. The plates were incubated for
48 hours at 37°C before being read.

 

Microbiologic Analysis and Molecular Typing

 

Species were identified according to standard methods. Selected
isolates were inoculated onto plates of brain–heart infusion agar
that contained 100 µg of ampicillin per milliliter, 10 or 100 µg of
ciprofloxacin per milliliter, and 10 or 100 µg of levofloxacin per
milliliter. The density of organisms per gram of stool in stool sam-
ples of approximately 75 mg was determined as previously de-
scribed.

 

9

 

 If no vancomycin-resistant enterococci were detected,
the lower limit of detection was assigned (approximately 2.8 log
per gram). There was no significant difference in the results when
four portions of a single stool specimen were analyzed or when
four samples were analyzed after two weeks of refrigeration. Se-
lected samples were plated on MacConkey agar to identify the num-
ber of aerobic and facultative gram-negative bacilli. In the case of
six patients, pulsed-field gel electrophoresis was performed on stool
and environmental isolates with the use of a commercial kit (CHEF
genomic bacterial DNA plug kit, BioRad, Hercules, Calif.). The
method used was a modification of the technique of Hoyen et al.

 

16

 

The plugs were digested with 

 

Sma

 

I for 16 hours (Promega, Mad-
ison, Wis.).

 

Statistical Analysis

 

Student’s unpaired t-test was used to compare continuous var-
iables between groups. Student’s paired t-test was used to com-
pare in individual patients the changes in density associated with
treatment with antianaerobic-antibiotic regimens with the changes
associated with regimens of antibiotics with minimal antianaero-
bic activity. All reported P values are two-sided. Analysis of variance
was performed to compare the densities associated with therapy
with different antianaerobic antibiotics. Fisher’s exact test was used
to evaluate the association between high-density colonization (de-
fined as »4 log per gram) and positive cultures of environmental
specimens and to compare the number of regimens that contained
two or more antibiotics in the antianaerobic-antibiotic group and
in the group of antibiotics with minimal antianaerobic activity.
Computations were performed with the use of Stata software (ver-
sion 6.0, Stata, College Station, Tex.). Unless otherwise stated,
mean values are given as means ±SD.

 

RESULTS

 

Characteristics of the Patients

 

A total of 61 inpatients had intestinal colonization
with vancomycin-resistant enterococci during the
study. Ten of these patients were excluded from the
analysis for the following reasons: stool samples from
six patients were unavailable, two patients were col-
onized with 

 

E. casseliflavus, 

 

and information about an-
timicrobial therapy was unavailable for two patients.

The base-line characteristics of the 51 patients
and events that occurred during the study are shown
in Table 1. Twenty-nine of 51 patients (57 percent)
had at least three measurements of the density of
vancomycin-resistant enterococci in stool; there was
a total of 227 measurements. Eleven patients had
paired stool samples collected one to three days apart,
either when they were not receiving antibiotics or
when they were receiving stable regimens of antibi-
otics. The mean difference in the number of organ-
isms between these paired specimens was 0.4 log per
gram of stool (range, 0.1 log to 0.7 log per gram).
The eight patients from whom vancomycin-resistant
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enterococci was isolated from cultures of blood, urine,
or a sacral wound had large numbers of organisms
(»6 log per gram) in stool specimens obtained con-
currently.

 

Density of Vancomycin-Resistant Enterococci during 
and after Therapy with Antianaerobic Antibiotics

 

Thirty-three patients received a total of 42 regi-
mens of antianaerobic antibiotics. During 40 of these
42 regimens (95 percent), the density of colonization
remained high (mean number of organisms, 7.8±1.5
log per gram). Among the 78 measurements of stool
samples obtained during antianaerobic-antibiotic ther-
apy, the density exceeded 6 log per gram in 68 (87
percent). There were no significant differences in the
mean number of organisms in stool samples between
oral regimens and intravenous regimens (8.3±1.5
log and 7.7±1.5 log per gram, P=0.26), between
regimens containing one antibiotic and those con-
taining two or more antibiotics (7.8±1.6 log and 7.7
±1.4 log per gram, P=0.88), between clindamycin
or metronidazole monotherapy and regimens that had
a broader spectrum of activity (8.2±1.9 log and 7.8
±1.5 log per gram, P=0.54), or between individual
monotherapy regimens, including vancomycin, piper-
acillin–tazobactam, amoxicillin–clavulanate, metroni-
dazole, and clindamycin (P=0.6 for all comparisons).
Figure 1 shows the increase in the density of vanco-

mycin-resistant enterococci and aerobic and faculta-
tive gram-negative bacilli in stool that was associated
with oral exposure to clindamycin in one patient.

Orally administered antianaerobic antibiotics in-
cluded metronidazole, amoxicillin–clavulanate, clin-
damycin, and vancomycin. Intravenously administered
antianaerobic antibiotics included vancomycin, piper-
acillin–tazobactam, ampicillin–sulbactam, meropen-
em, imipenem–cilastatin, cefoxitin, ceftriaxone, alatro-
floxacin, clindamycin, and metronidazole. The two
patients in whom high-density colonization was not
maintained during therapy with antianaerobic anti-
biotics were receiving piperacillin–tazobactam; isolates
from these patients had a high level of resistance to
piperacillin (minimal inhibitory concentration, 1056
µg per milliliter). In a previous report, piperacillin
concentrations in stool ranged from undetectable to
276 mg per kilogram during therapy with intrave-
nous piperacillin–tazobactam.
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When regimens of antianaerobic antibiotics were
discontinued, the density of vancomycin-resistant en-
terococci in stool decreased in all 19 patients who
had samples collected four or more weeks later. Nine
patients were followed until one or more measure-
ments showed that levels were undetectable (lower
limit of detection, approximately 2.8 log per gram).
The mean interval between the discontinuation of
antibiotics and the finding of undetectable levels of
vancomycin-resistant enterococci in stool was 17.4
weeks (range, 6 to 20).

 

T

 

ABLE

 

 1.

 

 B

 

ASE

 

-L

 

INE

 

 C

 

HARACTERISTICS

 

 

 

OF

 

 

 

THE

 

 51 P

 

ATIENTS

AND

 

 E

 

VENTS

 

 

 

DURING

 

 

 

THE

 

 S

 

TUDY

 

.

 

C

 

HARACTERISTIC

 

V

 

ALUE

 

At base line

 

Age — yr
Mean 67
Range 38–86

Male sex — no. (%) 49 (96)
Clinical conditions or interventions — no. (%)

Diabetes mellitus 20 (39)
Cancer 10 (20)
End-stage renal disease 6 (12)
Coronary bypass surgery within yr before study 

entry
3 (6)

Percutaneous gastrostomy tube 9 (18)
Cirrhosis 4 (8)
Inflammatory bowel disease 1 (2)
Human immunodeficiency virus infection 2 (4)
Abdominal surgery within yr before study entry 3 (6)

 

During the study — no. (%)

 

Residence in nursing home facility 25 (49)
Admission to intensive care unit 15 (29)
Receipt of »3 different classes of antibiotics 40 (78)

 

Clostridium difficile

 

 infection 8 (16)
Vancomycin-resistant enterococci isolated from cul-

tures of clinical specimens other than stool
8 (16)

Blood 5 
Urine 2 
Sacral wound 1 

Death during hospitalization 8 (16)

 

Figure 1.

 

 The Effect of Antibiotic Therapy on the Numbers of
Vancomycin-Resistant Enterococci and the Total Number of
Aerobic and Facultative Gram-Negative Bacilli in Stool Sam-
ples from a 57-Year-Old Man with Cirrhosis Resulting from Hep-
atitis C.
Six weeks before entering the study, the patient received a
course of oral clindamycin; two weeks before entering the
study, he received a course of oral ciprofloxacin. Five weeks af-
ter the study began, he received two days of oral clindamycin
prophylactically before having teeth extracted at a time when
he was doing well in the nursing home unit.
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Effect of Antianaerobic-Antibiotic Regimens and 
Regimens of Antibiotics without Antianaerobic Activity

 

The effects of antianaerobic-antibiotic regimens and
regimens of antibiotics with minimal antianaerobic
activity on the density of vancomycin-resistant en-
terococci in stool are shown in Figure 2. Ten of 13
patients who received antianaerobic-antibiotic regi-
mens had an increase in the number of organisms of
more than 1.0 log per gram (mean increase, 2.2 log
per gram), as compared with 0 of 10 patients who
received regimens of antibiotics with minimal anti-
anaerobic activity (P=0.006). The mean change in
stool samples from these 10 patients was a decrease
of 0.6 log per gram. Three patients received both
types of regimens at different times; an increase in
the number of organisms in stool of at least 1.0 log
per gram occurred in all three during the antianaer-
obic-antibiotic regimens, but in none of the three dur-
ing the other type of regimen (P=0.1). Figure 3 shows
the changes in the density of vancomycin-resistant

enterococci in stool associated with exposure to var-
ious antibiotic regimens in one patient.

When the antianaerobic-antibiotic regimens were
compared with the regimens of antibiotics with min-
imal antianaerobic activity, there were no significant
differences in the duration of therapy before density
was measured in stool samples (mean ±SE, 8.3±1.8
and 10.2±2.3 days; P=0.44), the total number of
antibiotics received before the regimen being analyzed
(mean ±SE, 4.0±0.49 and 3.8±0.53; P=0.8), or the
patients’ Karnofsky performance scores (mean ±SD,
34.0±3.4 and 28.6±3.4; P=0.29). The changes in
density associated with the two types of regimens
did not differ significantly between the acute care fa-
cility and the nursing home facility (data not shown).
The antianaerobic-antibiotic regimens were more like-
ly to include at least two antibiotics than were the
regimens of antibiotics with minimal antianaerobic
activity (9 of 13 vs. 2 of 10 regimens, P=0.04). There
was no significant difference, however, in the change

 

Figure 2.

 

 Effect on the Density of Vancomycin-Resistant Enterococci in Stool of Therapy with Antianaerobic-Antibiotic Regimens in
13 Patients and Regimens of Antibiotics with Minimal Antianaerobic Activity in 10 Patients.
A selected isolate from each study patient demonstrated a high level of resistance to vancomycin (minimal inhibitory concentration,
>60 µg per milliliter) and ampicillin (minimal inhibitory concentration, >256 µg per milliliter). Isolates from patients who received
ciprofloxacin or levofloxacin as part of a regimen of antibiotics with minimal antianaerobic activity had a high level of resistance
to ciprofloxacin in vitro (minimal inhibitory concentration, >100 µg per milliliter) but not to levofloxacin (minimal inhibitory con-
centration, >10 µg but <100 µg per milliliter). Isolates from the two patients who received trimethoprim–sulfamethoxazole were
resistant to this agent in vitro. All antibiotics were given intravenously unless the route is designated as oral.
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in density between the use of a single antianaerobic
antibiotic and the use of a regimen that included two
or more such antibiotics (mean increase in the number
of organisms, 2.7±2.0 log and 2.1±2.6 log per
gram, respectively; P=0.64). A comparison of the
4 regimens that consisted of one antianaerobic anti-
biotic with the 10 regimens of antibiotics with min-
imal antianaerobic activity also revealed a significant
difference in density between the groups (P=0.01).

 

Results of Environmental Cultures

 

Twenty-one sets of cultures of environmental spec-
imens were obtained from 10 patients with fecal in-
continence. Ten of 12 sets of cultures (83 percent)
obtained from patients with a concurrent stool den-
sity of at least 4 log per gram had one or more posi-
tive samples, as compared with 1 of 9 sets (11 percent)

obtained from patients with less than 4 log per gram
(P=0.002). Three patients had positive cultures of en-
vironmental specimens when the density of vancomy-
cin-resistant enterococci in stool was at least 4 log per
gram, and negative cultures when the density was less
than 4 log per gram. Isolates of vancomycin-resist-
ant enterococci from stool samples from 6 of the 10
patients had five distinct patterns on pulsed-field gel
electrophoresis. An isolate from cultures of environ-
mental specimens from each of these six patients was
clonally related to a corresponding isolate obtained
from a stool sample.

 

DISCUSSION

 

In this prospective study of patients who were
colonized with vancomycin-resistant enterococci, we
found that the use of antianaerobic-antibiotic regi-

 

Figure 3.

 

 Effect of Therapy with Antianaerobic-Antibiotic Regimens and Regimens of Antibiotics with Minimal Anti-
anaerobic Activity on the Density of Vancomycin-Resistant Enterococci in Stool Samples from a 69-Year-Old Male Nurs-
ing Home Resident with a History of Cerebrovascular Accidents.
The patient initially received an antianaerobic-antibiotic regimen consisting of intravenous meropenem and vancomy-
cin for 17 days, beginning in week 1. He then received a regimen of antibiotics with minimal antianaerobic activity: oral
trimethoprim–sulfamethoxazole (TMP-SMX) for five days, beginning in week 10, followed by oral levofloxacin (Levo)
for three days. The third regimen consisted of a combination of the two types of antibiotics: intravenous piperacillin–
tazobactam (P-T) and cefepime (C) was given for 8 days, followed by oral ciprofloxacin (Cipro) for 10 days. The fourth
regimen consisted of intravenous vancomycin — an antianaerobic antibiotic — for 14 days. Cultures of environmental
specimens obtained from the patient’s bedside table and bed linen were positive during week 20, whereas cultures of
specimens from the patient’s gown and bedrail were negative. Cultures of all four types of environmental specimens
obtained during week 24 and week 27 were negative. The patterns on pulsed-field gel electrophoresis of three isolates
obtained from stool cultures and an isolate obtained from the culture of an environmental specimen were identical.
Vancomycin-resistant enterococci were detectable in all samples.
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mens perpetuated high-density intestinal colonization,
whereas the use of antibiotics with minimal antianaer-
obic activity that we studied did not. In a subgroup
of patients with fecal incontinence, those with high-
density colonization were more likely to have posi-
tive cultures of environmental specimens than those
with low-density colonization. These results suggest
that limiting the use of antianaerobic antibiotics in
patients colonized with vancomycin-resistant entero-
cocci will minimize the level and duration of coloni-
zation and may reduce the rate of transmission of
these organisms. 

Several factors must be considered in evaluating the
effect of antibiotics on intestinal vancomycin-resist-
ant enterococci, including the spectrum of antimicro-
bial activity and the level of active antibiotic in the
intestinal tract.

 

18

 

 An antibiotic may directly inhibit
vancomycin-resistant enterococci if it is active against
the colonizing strain, or it may inhibit bacteria that
compete for nutrients or space and thus promote the
overgrowth of vancomycin-resistant enterococci. The
amount of active antibiotic in the intestinal tract de-
pends on the extent of biliary or intestinal secretion
and the degree of inactivation of the antibiotic.

 

18

 

 For
example, imipenem–cilastatin has broad-spectrum an-
tibacterial activity, but its level of excretion in bile is
minimal, and in some studies, it produced only minor
changes in intestinal flora.

 

19

 

 Therefore, our results
should be considered in the context of other studies
that have examined the effect of antibiotics on the
intestinal flora of humans.

Our data are compatible with the hypothesis that

antibiotics promote the overgrowth of vancomycin-
resistant enterococci in the intestinal tract primarily
through the inhibition of intestinal anaerobes. Anti-
biotic regimens with potent antianaerobic activity but
minimal activity against other components of the in-
testinal flora (e.g., metronidazole and clindamycin)
promoted high-density colonization. In contrast, an-
tibiotic regimens with minimal antianaerobic activity
but with activity against susceptible members of En-
terobacteriaceae (e.g., ciprofloxacin, trimethoprim–
sulfamethoxazole, and cephalexin) did not promote
overgrowth. Several studies have demonstrated that
these types of antibiotics may have similar effects on
the density of vancomycin-susceptible enterococci in
the stool of humans

 

20-24

 

 (Table 2). Clinical studies have
also demonstrated an association between the use of
antianaerobic antibiotics and colonization or infec-
tion with vancomycin-susceptible enterococci.
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A direct inhibitory effect on vancomycin-resistant
enterococci in the intestinal tract by the quinolone
antibiotics with minimal antianaerobic activity can-
not be excluded. For patients who received quino-
lones as part of regimens of antibiotics with minimal
antianaerobic activity, selected isolates demonstrated
a high level of resistance to ciprofloxacin but not to
levofloxacin (Fig. 2). Quinolone antibiotics are present
in high concentrations in stool (21 to 94 mg per kil-
ogram of stool in the case of orally administered
levofloxacin

 

24

 

 and 185 to 2200 mg per kilogram of
stool in the case of orally administered ciproflox-
acin
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), but the activity of these antibiotics may be
markedly reduced as a result of reversible binding to

 

 

 

*NC denotes no significant change, and ND no data.
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 STOOL FLORA* REFERENCE

ENTEROCOCCI

ENTEROBAC-
TERIACEAE ANAEROBES

Minimal antianaerobic 
activity

Cefepime Healthy subjects NC Decreased Increased Bacher et al.25

Levofloxacin Healthy subjects Decreased Decreased NC Edlund et al.24

Ciprofloxacin Healthy subjects 
and patients

NC or
decreased

Decreased NC Nord22

Cefaclor Patients NC Decreased NC Sakata et al.21

Methicillin Patients NC NC NC or 
decreased

Sakata et al.21

Trimethoprim–sulfameth-
oxazole

Healthy subjects NC Decreased ND Vollaard et al.20

Potent antianaerobic 
activity

Ceftriaxone Patients Increased Decreased Decreased Arvidsson et al.,13

Bodey et al.14

Cefoxitin Healthy subjects Increased Decreased Decreased Nord et al.23

Clindamycin Healthy subjects Increased NC or
increased

Decreased Nord et al.23
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fecal matter.24,33 In humans, ciprofloxacin or levoflox-
acin minimally affects the anaerobic flora and either
may decrease or have no effect on the density of en-
terococci.22,24 The fact that a high density of vanco-
mycin-resistant enterococci (»6.4 log colony-form-
ing units per gram) was maintained in the stool of
nine patients who received levofloxacin or ciproflox-
acin as one component of an antianaerobic-antibiotic
regimen suggests that any inhibitory effect of these
antibiotics was outweighed by the effect of the other
antibiotics (data not shown).

Data regarding the effect of other antibiotics with
minimal antianaerobic activity on the density of van-
comycin-resistant enterococci in stool are needed. In
an earlier study, we demonstrated that subcutaneous
cefepime or aztreonam did not promote the over-
growth of vancomycin-resistant enterococci in mice.9

Cefepime is an extended-spectrum cephalosporin that
has relatively little antianaerobic activity, is excreted
primarily by the kidneys, and causes minimal chang-
es in the intestinal flora of humans.25 We have hypoth-
esized that cephalosporin antibiotics promote the over-
growth of vancomycin-resistant enterococci to varying
degrees, given the wide variation in their antianaer-
obic activity and degree of biliary excretion.9 Aztreo-
nam is a monobactam antibiotic whose activity is
limited to gram-negative aerobes.34 In humans, the
administration of aztreonam has been associated with
the overgrowth of stool enterococci in some stud-
ies,35,36 but not in others.34,37 Louie34 demonstrated
that treatment of febrile patients with neutropenia
with a combination of moxalactam (a potent anti-
anaerobic antibiotic) and tobramycin, but not with a
combination of aztreonam and tobramycin, resulted
in suppression of fecal anaerobes, overgrowth of en-
terococci, and an increased frequency of fungal col-
onization.

The fact that the regimens of antibiotics with min-
imal antianaerobic activity included only orally admin-
istered single agents whereas the regimens of anti-
anaerobic antibiotics were mostly given intravenously
and included two or more agents is a potential con-
founding variable. Patients who required therapy with
intravenous regimens that included multiple antibi-
otics might have been sicker than those who received
oral therapy with a single antibiotic. An increased se-
verity of illness has been associated with an increased
likelihood of colonization or infection with vanco-
mycin-resistant enterococci.38 Several findings argue
against the possibility that these factors introduced
statistically significant bias, however. The Karnofsky
performance scores of patients who received antibi-
otics with minimal antianaerobic activity did not dif-
fer significantly from those of patients who received
antianaerobic antibiotics; oral and single-drug regi-
mens of antianaerobic antibiotics promoted high-
density colonization as much as did intravenous and
multiple-drug regimens; and in one patient who did

not meet the criteria for analysis, low-density colo-
nization was maintained during therapy with intra-
venous levofloxacin.

Our findings have important implications for the
care of patients who are colonized with vancomycin-
resistant enterococci. The use of antianaerobic anti-
biotics should be avoided in this group of patients.
In clinical practice, antianaerobic antibiotics are often
prescribed when their spectrum of activity is not re-
quired. The primary benefit of limiting the use of an-
tianaerobic antibiotics in the population of patients
we studied may be a reduction in the duration of col-
onization and, therefore, a reduction in the cost and
inconvenience of the infection-control measures im-
plemented. Since high-density colonization was more
likely to be associated with positive cultures of envi-
ronmental specimens, this measure may also reduce
the rate of transmission of vancomycin-resistant en-
terococci. Since the use of antianaerobic antibiotics
has been associated with bacteremia from vancomycin-
resistant enterococci in patients with cancer,7,8 limit-
ing the use of these antibiotics in higher-risk patients
may reduce morbidity and mortality.
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