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ABSTRACT

Objectives: Staphylococcus saprophyticus (S. saprophyticus) is the second most common bacteria causing
uncomplicated urinary tract infections (UTIs). It is considered non-susceptible to mecillinam, with no
defined breakpoint and only few available minimal inhibitory concentration (MIC) observations. How-
ever, this consideration does not correlate with clinical outcome. With this study, we aimed to provide
a comprehensive MIC distribution analysis of mecillinam for S. saprophyticus, which could be useful for
determining potential breakpoints.
Methods: We studied 112 isolates of S. saprophyticus from human urine samples from 4 European coun-
tries. The broth microdilution and MIC test strip methods were used to determine mecillinam MIC.
Results: Broth microdilution MICs ranged from 4 to > 256 mg/L, with a binary clustering at 32 to 64 and
> 256 mg/L. The MICs were duplicated for each isolate with similar results. The MIC distribution from
the test strip method aligned well with the results from the broth microdilution method. Disc diffusion
test yielded an 8 mm inhibitory zone in three isolates with MIC of 32 mg/L.
Conclusions: Considering mecillinam concentration in the urine usually reach 200 mg/L in conventional
treatment, the clinical success frequently seen with pivmecillinam treatment for UTIs caused by S. sapro-
phyticus may be explained by the MIC cluster of 32 to 64 mg/L. This cluster might be identified by an
8 mm inhibitory zone in disc diffusion tests. Clinical studies with MIC data are needed to examine po-
tential breakpoints. As of now, clinicians should not switch empirical pivmecillinam treatment to other
antibiotics based solely on the presence of S. saprophyticus. © 2025 The Author(s). Published by Elsevier
Ltd on behalf of International Society for Antimicrobial Chemotherapy.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Staphylococcus saprophyticus (S. saprophyticus) is a Gram-
positive coccus that predominantly is isolated from uncomplicated
lower urinary tract infections (UTIs) [1]. It is considered the sec-
ond most common pathogen (after Escherichia coli) in UTIs, caus-
ing about 5% to 10% of all cases [1]. However, there are currently
no defined minimum inhibitory concentration (MIC) breakpoint or
epidemiological cutoff values (ECOFFs) in the European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST) for mecillinam
for S. saprophyticus. As of April 2024, only 25 MIC observations ex-
ist for mecillinam in the EUCAST database of MIC distribution for
S. saprophyticus. Considering that a UTI is very common and that
pivmecillinam is one of the major recommended and widely used
empirical treatment option for UTIs in Scandinavia [2-6], there is
a need to clarify the clinical breakpoints and mecillinam MIC dis-
tribution for S. saprophyticus. The absence of such knowledge may
cause unnecessary overtreatment in an UTI caused by S. saprophyti-
cus (e.g. clinicians switch to other oral antibiotics from empirical
pivmecillinam treatment due to growth of S. saprophyticus in the
urine sample) or potentially under-treatment, that is, if pivmecil-
linam treatments cannot achieve sufficient mecillinam concentra-
tions (time over MIC) for S. saprophyticus.

Clinical data of the effect of pivmecillinam on UTI caused by S.
saprophyticus is very sparse [7-10]. However, recent clinical stud-
ies on pivmecillinam empirical efficacy for UTIs have shown the
drug to be effective [9] and also superior to placebo [8] in the
subpopulations with S. saprophyticus as the causative agent. This
could be explained by the pharmacological properties of pivmecil-
linam: high bioavailability and rapid accumulation of mecillinam in
the urine causing very high concentrations (about 200 mg/L) with
conventional pivmecillinam therapies [11,12].

Considering this, we aimed to investigate the mecillinam MIC
distribution in S. saprophyticus isolated in human urine samples.
We hypothesized that there could be a population with MICs be-
low mecillinam urine concentration, as suggested by the few avail-
able MIC observations [13], which could be an explanation to the
high cure rates seen in clinical settings.

Materials and methods

The study included 112 isolates of S. saprophyticus. The isolates
had been obtained from human urine samples collected in four dif-
ferent European countries, as previously described [14]. These iso-
lates had been preserved in glycerol stock and stored at -80 °C.
The isolates were thawed and revived for the purpose of this study.

Antimicrobial Susceptibility Testing: Media preparation and an-
timicrobial susceptibility testing against mecillinam was performed
using standardized methods according to EUCAST [15,16]. The MIC
of mecillinam was determined using these 2 different approaches
on the 112 clinical S. saprophyticus isolates:

Broth Microdilution Method: The MIC was determined using the
broth microdilution technique following the guidelines outlined by
EUCAST [16]. Mecillinam concentrations ranging from 0.125 mg/L
to 256 mg/L were tested in duplicates.

MIC Test Strip Method: The test strip method, as recommended
by the manufacturer (Liofilchem™, Roseto degli Abruzzi, Italy),
was also used to determine the MIC values of mecillinam. This
method (which is the same as the Epsilometer test/Etest method)
provides a gradient of antibiotic concentration on a solid medium
for MIC determination [17].

Disc diffusion test: To further assess mecillinam susceptibility, a
disc diffusion test was conducted using 10 pg mecillinam Thermo
Scientific™ Oxoid™ discs on 6 routine urine sample isolates from
the Department of Clinical Microbiology, Hvidovre University Hos-
pital, Hvidovre, Denmark. Disc diffusion tests were conducted on
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three isolates from each MIC cluster (i.e. 3 isolates with MIC of 32
mg/L and 3 isolates with MIC > 256 mg/L) to explore whether disc
diffusion test could differentiate isolates from each cluster. Mecil-
linam MIC test strips/Epsilometer tests were performed to deter-
mine MICs on these isolates.

Statistics: Statistical analysis using the paired t test was con-
ducted to compare the MIC values obtained from the test strip and
broth microdilution methods. P < 0.05 was defined as statistical
significance.

Results

The study included 112 isolates from human UTI sources in Eu-
rope (Denmark = 91; Portugal = 12; Spain = 8; and Poland = 1).
Fig. 1 and Table 1 show the MIC distribution of mecillinam in these
isolates determined by broth microdilution and test strips. The
broth microdilution tests yielded MICs for mecillinam that ranged
from 4 to > 256 mg/L, with a binary clustering around 32 to 64
(57 isolates, 51%) and > 256 mg/L (42 isolates, 38%), respectively.
All isolates were tested in duplicates with similar results.

We found no statistical difference between the results from the
test strips and the broth microdilution methods (P = 0.099). Only
one isolate in the broth microdilution test and one isolate in the
test strip were below the currently considered breakpoint (8 mg/L)
of mecillinam for Enterobacterales [18]. Fig. 2 shows the disc diffu-
sion test with mecillinam, which yielded small but sharp inhibitory
zones (8-9 mm) for isolates with MICs of 32 mg/L (n = 3) but no
bacterial growth inhibition at > 256 mg/L (n = 3).

Discussion

The study found a binary clustering of mecillinam MIC dis-
tributions, including one likely mecillinam susceptible population
clustering around an MIC of 32 to 64 mg/L and one likely resis-
tant population with an MIC of > 256 mg/L. The duplications with
broth microdilution method yielded similar MIC distribution, and
the results from the MIC test strip method correlated well with
those of the broth microdilution method, showing no significant
difference between the two methods (P = 0.099).

The finding of binary clustering of mecillinam MIC distribu-
tion in S. saprophyticus represents new knowledge that could have
useful clinical implications. Pivmecillinam treatment for UTIs are
given as 400 mg or 200 mg tablets [9]. Following the intake of a
400 mg pivmecillinam tablet, the urine concentration of mecilli-
nam reaches ca. 200 mg/L during the first 6 hours [12], surpass-
ing the MIC in the 32 to 64 mg/L cluster but not the > 256 mg/L
cluster. Therefore, it is possible that the clinical success frequently
observed following pivmecillinam treatment for UTI caused by S.
saprophyticus [7-9] could be explained by the binary clusters of
mecillinam MICs observed in our study. However, clinical studies
are needed to examine this hypothesis, because the current knowl-
edge on treatment outcome with MIC data is sparse and inconclu-
sive regarding pivmecillinam treatment for UTI caused by S. sapro-
phyticus [7-10]. For example, in a recent study, which included 12
cases of UTIs caused by S. saprophyticus treated with pivmecilli-
nam, we found no correlation between MIC and treatment out-
come [9]. Moreover, only one isolate in the broth microdilution test
and one isolate in the test strip method were below the currently
considered breakpoint (8 mg/L) of mecillinam for Enterobacterales
[18]. Therefore, before clinical studies have determined whether
clinical outcomes correlate with MIC, a breakpoint of mecillinam
for S. saprophyticus cannot be suggested at this point; however, it
may potentially lie within the observed 32 to 64 mg/L cluster.

A study by Zykov et al. [19] demonstrated significant reduc-
tion in bacterial load in a murine UTI model comparing mecilli-
nam (mimicking human doses of 200 mg or 400 mg) and vehicle-
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Fig. 1. Distribution of mecillinam minimum inhibitory concentration (MIC) in 112 clinical Staphylococcus saprophyticus urine isolates determined by broth microdilution and

test strip.

Table 1

Relation between minimum inhibitory concentration (MIC, mg/L) values determined by broth microdilution and test strip for mecillinam in 112 clinical Staphylococcus

saprophyticus urine isolates.

Broth microdilution

MIC, mg/L 2 4 8 16 32 64 128 > 256
Test strip 2 1
4
8
16 3 4
32 1 18 13
64 2
128 1 3 1
> 256 1 1 3 4 1 41
Sum 1 0 6 28 29 6 42 112

treated mice, which had been infected with multidrug resistant En-
terobacterales with mecillinam MIC of up to 64 mg/L. This provides
further support for the hypothesis generated in this study, that is,
that the clinical success observed in humans treated with pivme-
cillinam for UTI caused by S. saprophyticus could be explained by
the MIC clustering around 32 to 64 mg/L in 51 % of the clinical iso-
lates tested by broth dilution. Interestingly, the bacterial reducing
effect in mice (for multidrug resistant Enterobacterales) [19] was
observed irrespective of whether the administered doses correlated
with human doses of 200 mg or 400 mg pivmecillinam, 3 times
daily. A similar study with mecillinam on S. saprophyticus has not
been conducted. However, both a 200 mg and a 400 mg pivmecilli-
nam regimen appear clinically effective for UTI caused by S. sapro-
phyticus [9]. Although no study has compared these two regimens
for UTI caused by S. saprophyticus, a comparative study of different
pivmecillinam regimens may therefore be more clinically relevant
than murine studies. As of now, the observed MIC distribution of
mecillinam together with pharmacokinetic data of pivmecillinam
[12], suggest that 400 mg tablets and three times daily dosing of
pivmecillinam may be the most optimal regimen for UTI caused S.
saprophyticus, to achieve sufficient time over MIC.

A limitation with our study is that it only encompasses 112 S.
saprophyticus isolates from 4 European countries (91 from Den-
mark), potentially limiting the generalizable beyond these spe-
cific regions Studies examine the MIC distributions of mecillinam
in clinical S. saprophyticus isolates from other countries are war-
ranted. Further studies could also examine mechanisms, potentially
differences in penicillin-binding proteins, that could explain the
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findings of two MIC clusters for mecillinam in S. saprophyticus. The
main strength of our findings is the duplication of MIC distribu-
tions determined using two methods.

The disc diffusion test is generally used as a surrogate measure
to MIC in routine screening of resistance [20]. An inhibition zone
diameter < 15 mm around the disc is regarded as equivalent to a
clinical break-point in Enterobacterales and thus considered to sig-
nify mecillinam resistance in the bacteria [18]. Based on the explo-
rative observations in our study, we suggest that, for S. saprophyti-
cus from UTI sources, the interpretation may be a “high level of
resistance” (no clear inhibition zone) and “likely susceptible” (i.e.
a clear inhibitory zone: e.g. > 7 mm). However, our observations
need to be confirmed in larger samples and clinical studies also
have to be done to investigate whether clinical outcomes correlate
with this suggestion.

In conclusion, this study revealed a binary clustering pattern
of mecillinam MICs among clinical S. saprophyticus isolates col-
lected from four European countries. Notably, one of these clus-
ters may explain the clinical success often observed in pivmecil-
linam treatment for UTIs caused by this bacterium. Whereas the
establishment of a definite breakpoint for S. saprophyticus in a UTI
requires further clinical studies with MIC data, a tentative break-
point for mecillinam could be considered at this stage. As of now,
clinicians should not switch empirical pivmecillinam treatment to
other oral alternative based solely on the presence of S. saprophyti-
cus in urine cultures from patients with uncomplicated UTIs, such
decision should instead be based on the clinical response of the
treatment.
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Fig. 2. Disc diffusion of mecillinam (10 pg) in Staphylococcus saprophyticus isolates with minimum inhibitory concentrations (MIC) of 32 mg/L and > 256 mg/L. Legend:
The left isolate had an MIC of > 256 mg/L with no inhibition zone, whereas the right isolate had an MIC of 32 mg/L with a disc diffusion zone of 8 mm (replicated with
three isolates each). The MICs were determined by MIC test strips according to the recommendations by the manufacturer (Liofilchem™, Roseto degli Abruzzi, Italy).
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