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There was no statistically significant difference between amoxicillin and nitrofurantoin for the
treatment of ampicillin-resistant Enterococcus faecium urinary tract infections.

nterococcus species account for
about 110,000 urinary tract in-
fections (UTIs) annually in the
U.S.! The most common spe-
cies isolated are Enterococcus faecalis
and Enterococcus faecium (E faecium).
Amoxicillin is the drug of choice for
the treatment of enterococcal UTIs.
Second-line therapies include vanco-
mycin and nitrofurantoin. Alternative
therapies include daptomycin and li-
nezolid; however, these newer agents
ideally would be reserved for more se-
rious infections to preserve activity
Increased E faecium resistance to
ampicillin and vancomycin has lim-
ited the therapeutic options. The
results of a study by Zhanel and
colleagues assessed the prevalence
of resistant enterococcal urine iso-
lates in North America.> Of the
658 E faecium urine isolates, about
96% were resistant to ampicillin and
94% were resistant to vancoymecin.?
Nitrofurantoin has much lower resis-
tance rates; however, its use is contra-
indicated in patients with a creatinine
clearance (CrCl) < 60 mL/min.* Data
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supporting the contraindication are
limited, but the results of a study by
Oplinger and Andrews suggested that
using nitrofurantoin in patients with
a CrCl > 40 mL/min may be safe and
effective.® A therapeutic dilemma may
occur when resistant E faecium UTIs
are encountered and viable treatment
options are limited due to intoler-
ances, administration difficulties, lack
of susceptibility data, or cost.

Based on the current Clinical and
Laboratory Standards Institute stan-
dard, Enterococcus species with a min-
imal inhibitory concentration (MIC)
> 16 pg/mlL are considered ampicillin
resistant. Microbiology laboratories
use the same breakpoint regardless of
the site of infection.® Amoxicillin con-
centrates in the urine; therefore, uri-
nary concentrations are much higher
than serum concentrations. The mean
serum peak concentration after a sin-
gle dose of oral amoxicillin 500 mg is
7.6 ng/mL." After a single dose of oral
amoxicillin 500 mg, the average con-
centration in pooled urine collected
over 6 hours was 1,100 pg/mL.®

In 2002, Williamson and col-
leagues analyzed 30 ampicillin-
resistant E faecium urine isolates.
Reported MICs were 128 pg/mL

(30%), 256 pg/mL (60%), and
512 pg/mL (10%).° A more re-
cent retrospective analysis ana-
lyzed 234 ampicillin-resistant
E faecium urine isolates. The MIC
ranged from 32 to 1,024 pg/mL,
with a median MIC of 256 pg/mL.
Only 5 isolates had an MIC value
> 1,000 pg/mL, but each of these
isolates was within 1 dilution of
512 pg/mL.'° Because penicillins ex-
hibit time-dependent killing, an op-
timal response will occur as long as
the urine concentration is above the
MIC for at least 50% of the dosing in-
terval.!! Therefore, therapeutic doses
of amoxicillin are expected to pro-
duce urine concentrations that ex-
ceed the MIC of resistant E faecium
urine isolates. The purpose of this
study was to determine if amoxicil-
lin was a viable treatment option for
ampicillin-resistant E faecium UTIs
based on this in vitro theory.

METHODS

Veterans aged > 18 years with a
positive urine culture for ampicillin-
resistant E faecium who received an-
tibiotic therapy for cystitis at the
Jesse Brown VA Medical Center
(JBVAMC) from January 1, 2005,
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through June 22, 2010, were evalu-
ated in this retrospective cohort
study. Exclusion criteria were the
presence of any other organisms
in the initial urine culture, prostatic
involvement, and the presence of
E faecium in a blood culture. Subjects
treated with multiple antibiotics con-
currently and with sequential treat-
ment of different antibiotics with no
evaluation of efficacy between courses
were also excluded.

All included subjects were evalu-
ated for resolution of symptoms; im-
provement in leukocyte esterase count
and white blood cell (WBC) count
from urine analysis (UA); and eradica-
tion of E faecium from a repeat urine
culture. The response to treatment
was classified as cure, presumed cure,
or failure. The criteria for cure were
based on the following: resolution of
symptoms if present at baseline; repeat
UA indicating improvement from the
initial positive UA (if obtained); and
eradication of E faecium in a repeat
urine culture (if obtained).

At least 1 of the aforementioned
criteria must have been met to be clas-
sified as cure. If more than 1 of the
aforementioned criteria was present,
then each one must have been met to
be classified as cure. To be evaluated
for presumed cure, the subject must
have had symptoms at baseline. No
documentation of ongoing symptoms
in subjects who had an appropriate
follow-up but did not have a repeat
UA or urine culture indicated pre-
sumed cure. Persistence or worsening
of pretreatment symptoms, a repeat
UA without improvement from the
initial positive UA, or a repeat urine
culture demonstrating continued pres-
ence of E faecium indicated failure.
The primary endpoint for the study
was to determine whether amoxicillin
was effective for the management of
ampicillin-resistant E faecium UTlIs.
This study was conducted in compli-

Table. Baseline Characteristics of Subjects Included Per

Protocol
Amoxicillin Nitrofurantoin
500 mg tid, n (%)** | 100 mg bid, n (%)°¢ | Pvalue

Age 82 + 4 years 74 + 9 years .02
Gender 100% male 100% male
Duration of therapy 9 + 3 days 13 + 6 days .03
Benign prostatic hyperplasia 7 (78) 8(73) .01
Chronic kidney disease 9 (100) 5 (45) .01

(stage 3, 4, or 5)
Complicating factors 3(33) 4 (36) .99

Foley catheter 2 2

Urethral/prostatic stent 0 0

Kidney stones 0 1

Nephrostomy tube 0 0

Neurogenic bladder 1 1

lleal conduit 0 0
Treatment

Symptomatic bacteriuria 8 (89) 5 (45)

Asymptomatic bacteriuria 1(11) 6 (55)

a0ne subject was dosed at amoxicillin 500 mg bid.
PN =9.

°Two subjects were dosed at 100 mg qid.

N =11.

ance with the University of Illinois at
Chicago Institutional Review Board
and JBVAMC Human Subjects Re-
search Committee requirements.

RESULTS

This study included 20 positive
urine cultures for ampicillin-resistant
E faecium in 19 subjects. Nine cases
were treated with amoxicillin, and
11 cases were treated with nitrofuran-
toin. At baseline, the mean age was
75 years, mean duration of therapy
was 14 days, and all the subjects were
male. The baseline characteristics of
the 2 groups were similar with the ex-
ception of an older population, shorter
duration of therapy, and increased inci-
dence of chronic kidney disease in the
amoxicillin treatment group, P = .02,
.03, and .01, respectively.

Symptoms were documented in
8 of 9 (89%) cases at the time of the
positive culture in the amoxicillin

treatment group and 5 of 11 (45%)
cases in the nitrofurantoin treatment
group (Table). The asymptomatic
amoxicillin treatment group case
and 5 of the 6 nitrofurantoin treat-
ment group asymptomatic cases re-
ceived treatment prior to a urologic
procedure in accordance with the
Infectious Diseases Society of Amer-
ica (IDSA) guidelines for the treat-
ment of asymptomatic bacteriuria.
The urologic procedures included
transurethral resection of a bladder
tumor, cystoscopy, urethral dilation,
cystometrogram, and transurethral
resection of the prostate. One asymp-
tomatic subject in the nitrofurantoin
group did not have any documen-
tation to support an appropriate
indication for treatment. All positive
cultures were > 100,000 colonies/mL
except for 1 culture in the nitrofu-
rantoin treatment group, which was
45,000 colonies/mL, but because the
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Figure. Urinary Tract Infection Treatment Results?
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subject was symptomatic, treatment
was administered and a repeat urine
culture was negative.

There were 8 cases classified as
cure, 1 presumed cure, and no fail-
ures in the amoxicillin group. In
the nitrofurantoin group, 7 cases
were classified as cure, 1 presumed
cure, and 3 failures. The presumed
cures were excluded from the sta-
tistical analysis due to inability to
ensure these cases were truly cured.
Also excluded from the statistical
analysis was one of the failures in
the nitrofurantoin group, because
the subject was asymptomatic with
no known indication for treatment.
This left 8 cases classified as cure
and no failures in the amoxicillin
group compared with 7 cases clas-
sified as cure and 2 failures in the
nitrofurantoin group, P = .47 (Fig-
ure). Statistical analysis was per-
formed using the Fisher exact test.

DISCUSSION

There was no statistically significant
difference between amoxicillin and
nitrofurantoin for the treatment of
ampicillin-resistant E faecium UTlIs.
There were no failures in the amoxi-

cillin group despite all isolates dis-
playing resistance based on current
breakpoints, supporting the theory
that higher urine concentrations of
amoxicillin may overcome the MIC
of resistant isolates.

Of the 11 cases treated with nitro-
furantoin, 3 were classified failures.
The first failure in the nitrofurantoin
group was an asymptomatic sub-
ject who did not have a repeat urine
culture but had a repeat UA, which
showed a persistent elevation in
WBC and leukocyte esterase count.
This subject was removed from the
statistical analysis, as treatment was
not indicated per IDSA guidelines.
No reason could be identified for the
second failure, as a repeat culture
demonstrated continued presence
of E faecium. Chronic kidney disease
(CKD) contributed to the third fail-
ure in the nitrofurantoin treatment
group; the subject’s CrCl was about
17 mL/min. After treatment, the sub-
ject had a repeat urine culture, which
indicated the continued presence of
E faecium. The subject was later suc-
cessfully treated with amoxicillin.
Both cultures in the same subject
were included in the final analysis per

protocol, as the subject had an ade-
quate evaluation of efficacy between
courses. Four additional cases with
CKD were treated with nitrofuran-
toin; however, their CrCl ranged from
40 to 55 mL/min, and all were classi-
fied cure or presumed cure.

LIMITATIONS

There were several limitations to
this study. Due to the strict inclu-
sion and exclusion criteria, a limited
number of subjects were evaluated.
Given that this was a retrospective
study, it is possible that symptoms
were reported by a subject but not
appropriately documented. Another
significant limitation of this trial was
that MICs were not determined due
to the retrospective nature of the
study. External validity was also lim-
ited due to a predominately elderly
and male population. Safety data re-
garding different therapies were not
collected, as this study evaluated only
the efficacy of therapies.

CONCLUSION

Although this was a very small ret-
rospective analysis, to the authors
knowledge this is the first clinical
study supporting the in vitro the-
ory that amoxicillin (500 mg every
8 hours) may overcome the MIC
of resistant isolates due to achieve-
ment of higher urinary concen-
trations. Because this was a small
retrospective analysis, more pro-
spective evidence is needed to con-
firm these results. @
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Disclaimer

The opinions expressed herein are
those of the authors and do not
necessarily reflect those of Fed-
eral Practitioner, Frontline Medi-
cal Communications Inc., the U.S.
Government, or any of its agencies.
This article may discuss unlabeled or
investigational use of certain drugs.
Please review complete prescribing
information for specific drugs or
drug combinations—including indi-
cations, contraindications, warnings,
and adverse effects—before admin-
istering pharmacologic therapy to
patients.
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