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Negligible in vivo growth of enterococci and high-level dispersion of data have led to inaccurate estimations of antibiotic phar-
macodynamics (PD). Here we improved an in vivo model apt for PD studies by optimizing the in vitro culture conditions for
enterococci. The PD of vancomycin (VAN), ampicillin-sulbactam (SAM), and piperacillin-tazobactam (TZP) against enterococci
were determined in vivo, comparing the following different conditions of inoculum preparation: aerobiosis, aerobiosis plus mu-
cin, and anaerobiosis plus mucin. Drug exposure was expressed as the ratio of the area under the concentration-time curve for
the free, unbound fraction of the drug to the MIC (fAUC/MIC) (VAN) or the time in a 24-h period that the drug concentration
for the free, unbound fraction exceeded the MIC under steady-state pharmacokinetic conditions (fT>MIC) (SAM and TZP) and
linked to the change in log10 CFU/thigh. Only anaerobiosis plus mucin enhanced the in vivo growth, yielding significant PD pa-
rameters with all antibiotics. In conclusion, robust in vivo growth of enterococci was crucial for better determining the PD of
tested antibacterial agents, and this was achieved by optimizing the procedure for preparing the inoculum.

Enterococci are commensal organisms in the gastrointestinal
tracts of many species, from insects to humans (1), but are also

the third leading cause of hospital infections (2, 3). They display
intrinsic and acquired resistance to almost all antibiotics in clini-
cal use, and no single agent is able to kill more than 3 log10 CFU/g
in vivo (4). Animal models of infection are invaluable tools for
anti-infective pharmacology, and numerous in vivo enterococcal
models have been used to test old and new drugs, but their vali-
dation for assessing the efficacy of antimicrobial agents is fre-
quently not reported (5). The enterococcal endocarditis rabbit
model is perhaps used the most, but it is also more expensive,
cumbersome, and centered on a tissue with complex pharmaco-
kinetics (i.e., cardiac valves), limiting its relevance for other sys-
temic infections (6). Additionally, the usual lack of a full dose-
response curve hinders the determination of pharmacokinetic/
pharmacodynamic (PK/PD) indices necessary to translate the
results to humans (5, 7). Moreover, the bacterial growth in all
enterococcal models is either not quantified (e.g., peritonitis
model) (8), poor (�1 log10 CFU/g), or even negative (e.g., thigh
infection) (9, 10), and the variability is high (e.g., rabbit endocar-
ditis models) (11), particularly with vancomycin (VAN)-resistant
enterococcus (VRE) strains (12). Negligible growth and high-level
dispersion may lead to inaccurate estimations of antibiotic PD, as
has been the case with daptomycin (13).

We optimized the in vitro culture conditions for enterococci by
using anaerobic incubation and mucin supplementation, aiming
to enhance the in vivo growth of vancomycin-susceptible entero-
coccus (VSE) and VRE strains and to determine its impact on the
PD of three antibiotics: VAN, ampicillin-sulbactam (SAM), and
piperacillin-tazobactam (TZP).

(Different aspects of this work were presented at the 3rd ASM
International Conference on Enterococci and at the 51st and 53rd
ICAAC [14–16].)

MATERIALS AND METHODS
Bacterial strains, antibiotics, and susceptibility testing. The wild-type
strains Enterococcus faecalis ATCC 29212 and E. faecium ATCC 19434 and

the vancomycin-resistant strains E. faecalis ATCC 51299 (VanB) and E.
faecium ATCC 51559 (VanA) were used from vials stored at �70°C. VRE
strains were tested after optimizing the experimental conditions with
VSE. We determined the MICs of VAN (Vancocin CP; Baxter, Brazil),
SAM (Unasyn; Pfizer, Italy), and TZP (Tazocin; Wyeth Lederle, Italy) by
broth microdilution following CLSI methods (17). Although the studied
strains were beta-lactamase negative, ampicillin (AMP) and piperacillin
(PIP) were used as combinations with beta-lactamase inhibitors.

Inoculum preparation. Strains were stored at �70°C and recovered
by two successive streaks on brain heart infusion (BHI) agar (Becton
Dickinson) with 5% sheep blood, followed by incubation for 24 h at 37°C
under ambient air (aerobic groups) or by placing the plates within a sealed
anaerobiosis bag (GazPak EZ; Becton Dickinson) in a 10% CO2 incubator
(anaerobic groups). The GazPak EZ system provides an atmosphere with
�1% oxygen and �13% CO2 within 24 h. We named this step “phase 0.”

Before in vivo experiments, we standardized the in vitro growth kinet-
ics under aerobic and anaerobic incubation conditions in broth to define
the time and optical density at 580 nm (OD580) (Spectro 22H; Labomed
Inc., Culver City, CA) required to reach �8 log10 CFU/ml in the log phase
(data not shown). For all strains, 3 to 5 colonies from phase 0 were sus-
pended in 10 ml of broth, serially diluted 4 times (1:10), and incubated
overnight at 37°C, keeping the atmosphere the same as in the previous
step (phase 1). The most diluted tube with complete turbidity was se-
lected, diluted further (1:100) in fresh broth, and incubated using the
same atmosphere as that from phase 1, until it reached an OD580 corre-
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sponding to �8.0 log10 CFU/ml (phase 2). The broths used in phases 1
and 2 were BHI (Becton Dickinson) for the aerobic groups and thiogly-
colate USP (a reducing medium from Oxoid, United Kingdom) for the
anaerobic groups. Bacteria from phase 2 were diluted in the correspond-
ing medium to the desired final inoculum size, which varied from 5 to 8
log10 CFU/ml according to the experiment. In some in vivo experiments
(described below), the inoculum from phase 2 was supplemented with
mucin just before inoculation by mixing autoclaved 10% (wt/vol) porcine
stomach mucin (Sigma-Aldrich) with the culture broth (BHI or thiogly-
colate) in equal volumes, obtaining a final mucin concentration of 5%
(18).

Animal model. The University of Antioquia Animal Experimentation
Ethics Committee reviewed and approved the experimental protocol. Six-
week-old murine-pathogen-free female mice of the strain Udea:ICR(CD-
2), weighing 23 to 27 g, were rendered neutropenic (�100 neutrophils/
mm3) by intraperitoneal injection of two doses of cyclophosphamide
(Endoxan; Baxter, Germany), given 4 days (150 mg/kg of body weight)
and 1 day (100 mg/kg) before infection (19). Sixteen hours later, isoflu-
rane (Isorane; Abbott, Argentina)-anesthetized animals were infected in-
tramuscularly in each thigh with 0.1 ml of the selected inoculum. During
the standardization of the model, mice were separated into four experi-
mental groups (n � 10 animals/group) according to the inoculum condi-
tions used, as follows: aerobiosis (nonsupplemented broth), aerobiosis
plus mucin (incubated under an aerobic atmosphere in broth supple-
mented with 5% porcine mucin), anaerobiosis (nonsupplemented
broth), and anaerobiosis plus mucin (incubated under an anaerobic at-
mosphere in broth supplemented with 5% mucin). A minimum of two
animals per group were picked from their cages at random and sacrificed
immediately after inoculation (0 h), at five or more time points (1, 2, 4, 6,
8, 10, 12, 14, and/or 18 h), and by the end of the model (26 h after infec-
tion). Thighs were aseptically removed, homogenized (PRO200 tissue ho-
mogenizer; ProScientific), diluted, and automatically plated (DS� spiral
plater; Interscience, France). Bacterial counting (Scan 500 automatic col-
ony counter; Interscience, France) was done after 20 h of incubation at
37°C in ambient air. Earlier experiments showed that there was no signif-
icant difference in bacterial counts for thigh samples plated on BHI agar
incubated under aerobiosis or anaerobiosis conditions (data not shown).
All experiments were performed at least twice. If not specified otherwise,
each symbol in all figures represents the geometric mean of results for
both thighs from one mouse.

To control for the potential effect of the broth supplement on the
animals, a group of 10 neutropenic mice were injected in the thighs with
sterile 5% mucin and examined daily for signs of local or systemic toxicity
for 10 days.

To elucidate further the contribution of mucin to the development of
the model, groups of immunocompetent mice were infected with E. faeca-
lis ATCC 29212 prepared under anaerobiosis or anaerobiosis-plus-mucin
conditions. To reduce the number of animals used in this case, the mice
were sacrificed only 0, 1, 2, 14, and 26 h after infection.

Impact of culture conditions on systemic dissemination. To mea-
sure the impact of inoculum preparation on systemic dissemination, we
sacrificed at least 7 neutropenic mice from two independent experiments
to quantify bacterial dissemination to the blood and spleen 26 h after
infection with E. faecium ATCC 19434 prepared under conditions of aer-
obiosis, aerobiosis plus mucin, or anaerobiosis plus mucin. Each spleen
was homogenized and diluted to 1 ml in sterile saline before plating; blood
(0.1 ml) was plated directly on the agar. The limits of detection were 1
log10 CFU per ml of blood and 2.3 log10 CFU per gram of spleen.

Impact of inoculum conditions on antimicrobial pharmacodynam-
ics. Neutropenic mice were infected with E. faecium ATCC 19434 (VAN
and SAM) or E. faecalis ATCC 29212 (TZP) prepared under conditions of
aerobiosis, aerobiosis plus mucin, or anaerobiosis plus mucin. Subcuta-
neous treatment (0.2 ml) started at 2 h postinfection, allocating 2 mice per
dose and encompassing at least 6 doses from no effect to maximal effect.
The doses ranged from 2.34 to 600, 18.75 to 2,400, and 18.75 to 4,800

mg/kg/day for VAN, SAM, and TZP, respectively, in all cases divided every
3 h (q3h). At the end of treatment, the thighs of each mouse were dissected
aseptically, homogenized independently, serially diluted, plated, and in-
cubated overnight at 37°C. The limit of detection was 100 CFU/thigh,
which in this model was equivalent to 2 log10 CFU/g. In addition, we
included six untreated control mice per experiment; these received 0.2-ml
subcutaneous injections of sterile saline q3h and were sacrificed and pro-
cessed in the same way as the experimental groups at 3 time points: just
after inoculation (�2 h) and at the onset (0 h) and end (24 h) of therapy.

Statistical analysis. Bacterial counts were stored in an Excel database
(Microsoft, Seattle, WA) for subsequent analysis. In vivo growth (G) was
established by use of an empirical equation and as a parameter derived
from nonlinear regression (NLR). In the former case, the net growth
(�G26�2) was defined simply by subtraction of the mean number of bac-
teria observed 2 h after infection from that reached at 26 h (19, 20). In the
latter case, in vivo growth-time curves were fitted using an NLR analysis
described by a modified Gompertz equation (see Table S1 in the supple-
mental material) (21). The magnitudes of the parameters derived from
this equation were compared by curve-fitting analysis (CFA; Prism 6.04)
(22, 23). A successful in vivo model was defined as one that attained the
following four criteria: (i) net growth (�G26�2) of �1.5 log10 CFU/g, (ii)
significant parameters derived from Gompertz’s equation that fulfilled
the homoscedasticity and normality assumptions, (iii) a difference be-
tween the maximal and minimal predicted bacterial counts of �2 log10

CFU/g (see the Auctus column in Table S1), and (iv) a standard error of
the estimate (Sy�x) of �0.5 log10. Dissemination data for the blood and
spleen at 26 h postinfection were compared by analysis of variance
(ANOVA) for normally distributed data (see Fig. S1 in the supplemental
material); otherwise, the Kruskal-Wallis (KW) test was used.

For PD data, the net antibacterial effect (dependent variable) of each
product’s dose (independent variable) was calculated by subtracting the
number of CFU/g for untreated controls at 24 h from the number of
CFU/g remaining in treated mice. Hill’s equation was fitted to these data
to describe the sigmoid dose-response relationship and to estimate the
primary PD (PDP) parameters maximum effect (Emax), 50% effective
dose (ED50), and Hill’s slope (N), as we have described elsewhere (23, 24).
A parameter was considered invalid if the nonlinear regression failed any
of the presumptions of normality, homoscedasticity, or nonmulticolin-
earity. Additionally, the secondary parameters bacteriostatic dose (BD)
and maximal kill dose (MKD) were calculated (23). For PK analysis, we
used data from our previous studies of infected ICR mice treated with
VAN, piperacillin, and ampicillin (24–26), fitted with Pmetrics by using
the nonparametric adaptive grid (NPAG) algorithm, to obtain the popu-
lation PK parameters (27). For PK/PD analysis, the area under the con-
centration-time curve for the free, unbound fraction of the drug (fAUC)
between 0 h and 24 h (VAN) and the time in a 24-h period that the drug
concentration for the free, unbound fraction exceeded the MIC under
steady-state pharmacokinetic conditions (fT�MIC) (AMP and PIP) were
calculated using ADAPT 5 (28, 29). For these calculations, we used pro-
tein binding levels in mice of 29%, 20%, and 3% for VAN, PIP, and AMP,
respectively (24, 30, 31). PD parameters were compared by curve-fitting
analysis (23).

RESULTS
Impacts of the atmosphere of incubation, mucin supplementa-
tion, and immune status on in vivo growth. Figure 1 illustrates
that anaerobiosis-plus-mucin conditions were required with E.
faecalis 29212 (�5 log10 CFU/g) to achieve a successful in vivo
model (as defined in Materials and Methods) in neutropenic (Fig.
1a) and immunocompetent (Fig. 1c) mice. The net growth under
aerobiosis-plus-mucin conditions was enhanced in neutropenic
mice (Fig. 1b) (mean �G26�2 	 2.07 log10 CFU/g), but the regres-
sion failed the assumption of homoscedasticity (no fit to Gomp-
ertz’s equation). In immunocompetent mice (Fig. 1c), anaerobi-
osis without mucin led to exponential decay of the bacterial count
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(below the limit of detection), with complete clearance of infec-
tion after 14 h. Due to the low growth, high error, and high simi-
larity to aerobiosis encountered with the anaerobiosis condition
(see Table S1 in the supplemental material), it was not tested any-
more.

The comparison of immunocompetent and neutropenic mice for
anaerobiosis plus mucin (inoculum of �4 log10 CFU per thigh) in-
dicated that neutropenia enhanced the �G26�2 by 1.26 log10 CFU/g.
The results with other strains are summarized in Table S1 in the sup-
plemental material.

The animals injected with 5% sterile mucin had swelled thighs
without signs of systemic illness during the first day, after which
the inflammation resolved completely. On day 10 after mucin
injection, all mice were alive and healthy.

Impact of mucin on systemic dissemination of E. faecium
ATCC 19434. Taking into account the similar levels of in vivo
growth reached in mice inoculated with E. faecium 19434 under
anaerobiosis-plus-mucin versus aerobiosis-plus-mucin condi-
tions (see Table S1 in the supplemental material), we compared
the levels of dissemination to distant organs 26 h after infection.
Higher bacterial burdens in the spleen (P � 0.001 by ANOVA)
and blood (P 	 0.0002 by KW test) were observed for anaerobiosis
plus mucin (see Fig. S1 for details).

Antimicrobial pharmacodynamics. The MICs of VAN and
SAM against E. faecium 19434 were 1 and 2 mg/liter, respectively;
against E. faecalis 29212, the MIC of TZP was 2 mg/liter. The PK
parameters of VAN, AMP, and PIP on infected neutropenic mice
are shown in Table 1, and the PD parameters of VAN, SAM, and
TZP obtained using different inoculum conditions are shown in
Table 2. In all cases, mucin supplementation led to high in vivo
growth (�G26�2 � 1.85 log10 CFU/g) and yielded significant PD
parameters (adjusted R2 � 0.94). In contrast, the aerobiosis group
displayed minimal net growth (�G26�2 � 0.41 log10 CFU/g) and
did not fit Hill’s equation with VAN (adjusted R2 	 0.25) and TZP
(adjusted R2 	 0.31), showing erratic PD profiles (Fig. 2a and b).
For SAM (adjusted R2 	 0.84), aerobiosis (Fig. 2c) displayed in-
valid parameters with a high multicolinearity (variance inflation
factor [VIF] of �166 for the bacteriostatic dose).

Regarding the pharmacodynamics of VAN against E. faecium

19434 (Fig. 2a), there were statistically significant differences in the
primary parameters (Emax, ED50, and N) between the aerobiosis-
plus-mucin and anaerobiosis-plus-mucin groups (P � 0.0001 by
global CFA). Moreover, it was not possible to estimate a valid MKD
under aerobiosis-plus-mucin conditions due to high multicolinearity
(VIF 	 30).

Similar to the case for VAN, the PD of TZP against E. faecalis
29212 (Fig. 2b) changed depending on the group tested, and there
were significant differences (P � 0.0001 by global CFA) in PD
parameters (Table 2) in comparing aerobiosis plus mucin and
anaerobiosis plus mucin. Specifically, the magnitude of the expo-
sure required for stasis was significantly lower for aerobiosis plus
mucin than for anaerobiosis plus mucin (BD 	 23.5% versus
32.0% in terms of fT�MIC).

Finally, SAM was highly bactericidal against E. faecium 19434
(Fig. 2c), and anaerobiosis plus mucin was necessary to calculate
the exposure required (in terms of fT�MIC) to kill 4 log bacteria
(MKD) (Table 2). In contrast, aerobiosis plus mucin yielded an
invalid parameter.

DISCUSSION

At least two problems characterize the available animal models of
enterococcal infection: minimal bacterial growth and a high level

FIG 1 Impacts of atmosphere of incubation, mucin supplementation, and immune status on the in vivo growth of E. faecalis ATCC 29212. In all panels, solid lines
represent significant and valid regressions using Gompertz’s equation, and dotted lines indicate that the regression did not fit or failed the presumptions of
normality or homoscedasticity (see Table S1 in the supplemental material). (a) Growth in neutropenic mice infected with inocula prepared under conditions of
anaerobiosis (dotted gray line) or anaerobiosis plus mucin (solid black line). (b) Growth in neutropenic mice infected with inocula prepared under conditions
of aerobiosis (dotted gray line) or aerobiosis plus mucin (black dotted line). (c) In vivo growth curves for immunocompetent animals infected with inocula
prepared under conditions of anaerobiosis plus mucin (solid black line) or anaerobiosis (gray interrupted line). In panel c, data points at 26 h (black) and 14 and
26 h (gray) overlap.

TABLE 1 Pharmacokinetic parameters in infected mice, derived from a
two-compartment model for vancomycin and ampicillin or a one-
compartment model for piperacillina

Parameter

Value

Vancomycin Ampicillin Piperacillin

kel (h�1) 1.67 20.4 3.16
Vc (liters) 0.01 0.01 0.04
kcp (h�1) 3.16 78.2 NA
kpc (h�1) 62.8 15.0 NA
ka (h�1) 2.52 6.45 7.45
a Using data from references 24 to 26. Abbreviations: kel, elimination rate constant; Vc,
volume of the central compartment; kcp, transfer rate constant from the central to
peripheral compartment; kpc, transfer rate constant from the peripheral to central
compartment; ka, absorption rate constant; NA, not applicable.
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of data dispersion (8–13). Here we solved these problems by using
anaerobiosis plus mucin to attain an optimized thigh infection
model suitable for PD studies.

Previously, Safdar et al. evaluated the PD of daptomycin
against Staphylococcus aureus, Streptococcus pneumoniae, and E.
faecium cultured under aerobic conditions without mucin supple-
mentation (13). They concluded that more studies with strains
that grew better were needed because low growth (�G26�2 � 0.4
log10 CFU/g) led to overestimation of the drug’s efficacy against E.
faecium (AUC/MIC for stasis was 0.94 to 1.67) compared to that
with S. aureus (388 to 537) or S. pneumoniae (75 to 237) (13).
Other authors have obtained similarly biased results (9).

Our data demonstrate that only anaerobiosis-plus-mucin con-
ditions yielded high tissue growth and the excellent fit with signif-
icant parameters required to define the exposure-response rela-
tionship. In contrast, the use of aerobiosis plus mucin yielded a
questionably low magnitude of exposure required for stasis with
TZP compared with the values reported for other beta-lactams
(�30% for BD) (32), and in the case of VAN and SAM, it was not
possible to estimate the maximum killing dose.

We have several hypotheses that may explain the importance of
anaerobiosis plus mucin for attaining a successful in vivo model
and that deserve to be tested in the future. Previous studies have
found differential gene expression in enterococci according to the
incubation atmosphere (33). Day et al. showed that there are three
different phenotypic profiles of cytolysin expression in E. faecalis,

based on the atmosphere of incubation (34). We found that E.
faecalis ATCC 29212 corresponds to Day et al.’s phenotype 2 (data
not shown), meaning that beta-hemolysis appears only under an
anaerobic atmosphere. In particular, this toxin in enterococci has
been characterized as a heat-labile, oxygen-stable molecule (35),
suggesting that it is available to induce damage in vivo even after
the atmosphere switches. Regarding mucin, it is a heavily glycosy-
lated cysteine-rich protein that covers the epithelium of the gas-
trointestinal tract and is a potential natural source of amino acids
and sugars for enterococci (36–39).

There has been at least one previous attempt to improve the
enterococcal thigh infection model. Eguchi et al. supplemented
the inoculum with carrageenan, a tissue irritant used in models of
inflammatory pain, enhancing net growth (�G26�2 	 1.41 log) in
neutropenic mice but also increasing the standard deviation
(SD 	 1.04 log10 CFU/g at 26 h) (40). We think that our model
with anaerobiosis plus mucin is better because it enhanced the net
growth of susceptible and resistant strains (�G26�2 � 1.6 log) (see
Table S1 in the supplemental material) without increasing the
dispersion of the data (coefficient of variation of �40%, versus
74% for the work of Eguchi et al.). This is a major point, because
the power of any statistical method for quantitative variables and
the estimation of the sample size are critically dependent on the
standard deviation of the data. As a novelty of our approach, mu-
cin enhanced growth even in immunocompetent mice, probably
by a protective “coating effect” on bacteria (41).

TABLE 2 Pharmacodynamics of VAN, TZP, and SAM against enterococci under different inoculum conditionsa

Parameter

Value

VAN vs E. faecium 19434 TZP vs E. faecalis 29212 SAM vs E. faecium 19434

Aerobiosis
Aerobiosis �
mucin

Anaerobiosis �
mucin Aerobiosis

Aerobiosis �
mucin

Anaerobiosis �
mucin Aerobiosis

Aerobiosis �
mucin

Anaerobiosis �
mucin

Emax (log10 CFU/g) IVP 3.34 
 0.07 3.05 
 0.07 IVP 4.37 
 0.12 4.86 
 0.12 3.75 
 0.26 6.36 
 0.37 6.80 
 0.23
ED50 (mg/kg/day) IVP 18.5 
 0.77 26.0 
 1.62 IVP 215 
 9.94 425 
 19.0 122 
 19.3 259 
 30.9 218 
 10.9
N IVP 3.03 
 0.36 5.27 
 0.91 IVP 4.53 
 0.57 3.64 
 0.41 2.18 
 0.71 2.39 
 0.58 3.53 
 0.46
BD IVP 44.3 
 2.29 52.8 
 2.91 IVP 23.5 
 0.50 32.0 
 0.40 IVP 31.3 
 2.23 28.3 
 0.89
MKD IVP IVP 83.6 
 9.82 IVP 34.2 
 1.77 41.1 
 1.29 IVP IVP 45.7 
 2.16
a Abbreviations: Emax, maximum effect; ED50, 50% effective dose; N, Hill’s slope; BD, bacteriostatic dose in terms of fAUC/MIC (VAN) or fT�MIC (SAM and TZP); MKD, the dose
(exposure) required for maximal killing of 0.8 log (VAN), 2.3 log (TZP), and 4 log (SAM) bacteria in terms of fAUC/MIC (VAN) or fT�MIC (SAM and TZP). All values are
presented as means 
 standard errors. IVP, invalid parameter because it was not possible to fit Hill’s equation to data or the nonlinear regression failed any of the presumptions of
normality, homoscedasticity, and nonmulticolinearity (variance inflation factor of �10).

FIG 2 Pharmacodynamics of vancomycin (a), piperacillin-tazobactam (b), and ampicillin-sulbactam (c) in the following groups: aerobiosis (gray triangles and
lines), aerobiosis plus mucin (red circles and lines), and anaerobiosis plus mucin (black squares and lines). For the aerobiosis group (gray triangles), no antibiotic
fit Hill’s equation in terms of fAUC/MIC (VAN) or fT�MIC (SAM and TZP) against E. faecium ATCC 19434 or E. faecalis ATCC 29212.
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To our knowledge, this is the first in vivo report of the magni-
tudes of the PD index fAUC/MIC of VAN against E. faecium
necessary for stasis (52.8 
 2.91) and maximal bacterial killing
(83.6 
 9.82). In fact, the only previous data regarding the in vivo
PD of VAN came from a retrospective clinical study, which found
that an fAUC/MIC of 87 (adjusted by 30% protein binding) was
necessary for a satisfactory clinical outcome of Gram-positive in-
fections (42). The similarity of these magnitudes between mice
and humans is remarkable and constitutes a case of predictive
validation of our optimized model (5, 43). Although there are no
reports of PD indices of TZP and SAM against enterococci, the
fT�MIC magnitudes found here were similar to those reported for
other penicillins (32, 44). In conclusion, we have validated an
animal model, optimized by preparing the inoculum under anaer-
obic conditions and supplementing it with mucin (5), that is use-
ful for accurately assessing antimicrobial PD against enterococci.
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