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ABSTRACT

The ARESC (Antimicrobial Resistance Epidemiological Survey on Cystitis) study is an
international survey to investigate the prevalence and susceptibility of pathogens causing
cystitis. Female patients (N = 4264) aged 18-65 years with symptoms of uncomplicated
cystitis were consecutively enrolled in nine European countries as well as Brazil during
2003-2006. Pathogens were identified and their susceptibility to nine antimicrobials was
determined. Escherichia coli accounted for 76.7% of isolates. Among E. coli, 10.3% of the
isolates were resistant to at last three different classes of antimicrobial agents. Resistance
was most common to ampicillin (48.3%), trimethoprim/sulfamethoxazole (29.4%) and
nalidixic acid (18.6%). Fosfomycin, mecillinam and nitrofurantoin were the most active
drugs (98.1%, 95.8% and 95.2% susceptible strains, respectively) followed by
ciprofloxacin, amoxicillin/clavulanic acid and cefuroxime (91.7%, 82.5% and 82.4%,
respectively). Resistance to ciprofloxacin was >10% in Brazil, Spain, Italy and Russia.
Overall, Proteus mirabilis were more susceptible to p-lactams and less susceptible to non-
B-lactams than E. coli, whereas Klebsiella pneumoniae strains, which are intrinsically
resistant to ampicillin, were less susceptible to mecillinam (88.8%), fosfomycin (87.9%),
cefuroxime (78.6%) and nitrofurantoin (17.7%). Resistance was rare in Staphylococcus
saprophyticus, with the exception of ampicillin (36.4%) and trimethoprim/sulfamethoxazole
(10.2%). In Italy, Spain, Brazil and Russia, the countries most affected by antimicrobial
resistance, extended-spectrum B-lactamase (ESBL) enzymes (mainly CTX-M type) were
detected in 48 strains (39 E. coli, 6 K. pneumoniae and 3 P. mirabilis). Despite wide
intercountry variability in bacterial susceptibility rates to the other antimicrobials tested,
fosfomycin and mecillinam have preserved their in vitro activity in all countries investigated

against the most common uropathogens.
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1. Introduction

Uncomplicated urinary tract infections (UTIs) are among the most prevalent infectious
diseases and affect mainly women. Between one-quarter and one-half of all women

experience a UTI during their lifetime [1].

The overall aetiology has not changed in recent years and Escherichia coli remains by far
the most common uropathogen, accounting for >80% of all positive cultures [2]. However,
the management of these infections, generally treated empirically, is becoming

complicated due to the emergence of resistance to several first-line antimicrobial agents in

this primary pathogen [3].

Because there is a close correlation between resistance to antibiotics and the persistence
of E. coliin UTls as well as wide local variations in the susceptibility of uropathogens to
these drugs, recommendation of first-line treatment agents should be supported by

updated epidemiological data [4,5].

The ARESC (Antimicrobial Resistance Epidemiological Survey on Cystitis) study was
conducted in nine countries in Europe as well as Brazil from September 2003 to June
2006 to determine the susceptibility of the major uropathogens circulating in the

community of these geographic areas.

Part of the ARESC data focusing on E. coli, with emphasis on the clinical implications of
the study for empirical antimicrobial therapy, has recently been published [5]. In the
present paper we report the complete set of microbiological results involving all bacterial

pathogens isolated from uncomplicated cystitis.
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2. Materials and methods

2.1. Collaborating centres

Seventy centres were enrolled over a 3-year period (2003—2006) in nine European
countries and Brazil. Sixty-two centres (3 Austria, 6 Brazil, 10 France, 7 Germany, 4
Hungary, 5 ltaly, 6 Poland, 10 Russia, 9 Spain and 2 The Netherlands) provided valuable
strains. All participating laboratories adopted the same protocol for classifying urine
samples as positive and negative in accordance with the Infectious Diseases Society of

America (IDSA) guidelines [6].

Each local site forwarded the strains isolated to the central laboratory (DISCMIT,
Microbiology Section, University of Genoa, Italy) by courier, where the pathogens were re-

identified and stored at —70 °C until susceptibility tests were performed.

2.2. Patients

This was a prospective, multicentre, multinational, observational epidemiological survey.

Written consent was obtained from all patients.

Healthy women between 18 years and 65 years of age with symptoms of uncomplicated
lower UTI were eligible for inclusion. Detailed inclusion/exclusion criteria have been
reported previously [5]. Briefly, besides women with uncomplicated cystitis, patients with
recurrent UTI (=3 episodes in the last year) as well as pregnant and diabetic women were

included. Patients with upper UTI, concomitant or prophylactic antimicrobial treatment
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within 15 days before inclusion in the study, history of renal impairment, and anatomical

and functional urinary tract abnormalities were excluded.

2.3. Bacteria

All strains isolated (N = 3018) were identified by local laboratories employing their routine
methods and were re-identified by the central laboratory using the API system

(bioMérieux, Milan, ltaly).

2.4. Susceptibility testing

All bacteria were assayed against the following antimicrobial agents: ampicillin;
amoxicillin/clavulanic acid; cefuroxime; ciprofloxacin; trimethoprim/sulfamethoxazole;
fosfomycin; mecillinam; nalidixic acid; and nitrofurantoin. The compounds were obtained
from their respective manufacturers or from commercial sources. The minimal inhibitory
concentrations (MICs) of the antimicrobials were assessed by the broth microdilution
method in cation-adjusted Mueller—Hinton broth as suggested by the Clinical and
Laboratory Standards Institute (CLSI) [7]. The MICs of mecillinam and fosfomycin were
determined by the agar dilution method in Mueller—Hinton agar, supplemented with
glucose-6-phosphate at a concentration of 25 mg/L when fosfomycin was studied.

Escherichia coli ATCC 25922 was included in each run as a control.

Strains were defined as susceptible, intermediate-resistant or resistant according to CLSI
recommendations [7]. To determine susceptibility/resistance rates for the whole spectrum
of uropathogens isolated, E. coli breakpoints were used for all organisms when specific

figures were not available.
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Multiresistance was defined as simultaneous lack of susceptibility to at least three different

classes of antimicrobial agents.

Cross-resistance was defined as resistance to two or more antimicrobial agents within the
same class of antibiotics and was considered to be due to a common genetic mechanism.
Associated resistance was defined as resistance to two or more antimicrobial agents of

different drug classes and was considered to be due to unrelated mechanisms.

The double-disk synergy test to detect extended-spectrum B-lactamase (ESBL)-producing
E. coli, Klebsiella pneumoniae and Proteus mirabilis strains was performed as a standard

disk diffusion assay on Mueller—Hinton agar (Oxoid, Milan, ltaly).

Disks containing aztreonam, ceftazidime, cefepime, ceftriaxone and cefotaxime (30 pg
each) were placed at a 30 mm distance (centre-to-centre) around a disk containing
amoxicillin (20 ug) plus clavulanic acid (10 ug). Enhancement of the inhibition zone
towards the amoxicillin + clavulanic acid disk, indicating synergy between clavulanic acid
and any one of the test antibiotics, was taken as presumptive evidence of ESBL
production. The synergistic activity of clavulanic acid with both ceftazidime and cefotaxime
was confirmed by means of Etest strips (AB BIODISK, Solna, Sweden) containing
ceftazidime/ceftazidime plus clavulanic acid and cefotaxime/cefotaxime plus clavulanic
acid. Production of ESBL was assumed when clavulanic acid caused at least three two-

fold decreases in the MICs of the abovementioned antimicrobial agents.

Page 7 of 30



2.5. Molecular characterisation of extended-spectrum [-lactamase determinants

The 51 phenotypic putative ESBL-producers and their transconjugants were screened for
the presence of blatem, blaspy and blactx-v genes by polymerase chain reaction (PCR)

using primers and conditions described previously [8].

2.6. Statistical analysis

Statistical analysis was performed using Fisher’s exact test and y? test. The threshold for

statistical significance was P < 0.001.

3. Results

Between September 2003 and June 2006, 4264 eligible patients aged 18—65 years with
symptoms of acute uncomplicated UT| were enrolled in the survey. Uropathogens with
colony counts of >10*/mL were cultured from 3181 patients (74.6%). In 3060 patients
(96.2%) the infection was monomicrobial and a mixed infection was found in 121 patients

(3.8%).

Of the 3181 patients with bacteriuria, causative agents (n = 3018) from 2927 patients were

sent to the central laboratory for further evaluation.

Among the organisms cultured, E. coli was the predominant pathogen (2315/3018;
76.7%), ranging from 68.1% in Austria to 83.8% in France (Table 1), followed by
Staphylococcus saprophyticus (108/3018; 3.6%), K. pneumoniae (107/3018; 3.5%) and P.
mirabilis (104/3018; 3.4%). Other Enterobacteriaceae (Enterobacter spp., Citrobacter spp.,

Serratia spp., Klebsiella spp., Pantoea spp., Salmonella spp., Morganella morganii and
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Hafnia alvei) were responsible for only 2.9% of infections. The number of non-
Enterobacteriaceae isolated was very limited, and in particular in this group only six strains
of Pseudomonas aeruginosa were found (0.2%). All other species represented <7% of the

isolates (Table 1).

Infections caused by K. pneumoniae appeared to be most common in Brazil (6.1%),

Austria and Italy (both 5.5%), whilst S. saprophyticus was more frequently responsible of
UTlIs in The Netherlands and Brazil (5.6% and 4.9%, respectively). In contrast, infections
due to K. pneumoniae were seldom encountered in France (1.0%), whilst in Hungary and

Italy no isolate of S. saprophyticus was found.

Proteus mirabilis was significantly more common in the elderly (>50 years) (P < 0.001),
whilst S. saprophyticus was mostly recovered from younger patients (<30 years) (P <

0.001) (data not shown).

Table 2 shows the susceptibility patterns of all E. coli strains analysed. Globally,
fosfomycin and mecillinam emerged as the most active drugs tested (98.1% and 95.8%
susceptible strains, respectively) followed by nitrofurantoin (95.2%) and ciprofloxacin
(91.7%). Ampicillin and trimethoprim/sulfamethoxazole were active against a reduced
number of isolates (45.1% and 70.6% susceptible strains, respectively). Almost 20% of all
E. coli had reduced susceptibility to amoxicillin/clavulanic acid, cefuroxime and nalidixic

acid.

Not all sites had the same susceptibility profile, with some countries being less affected by
resistance problems than others (Table 3). For instance, in France only the activity of

ampicillin was dramatically reduced (60.9% susceptible strains).
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In Germany, Hungary, Poland and The Netherlands, >90% of the strains were susceptible
to fosfomycin, mecillinam, nitrofurantoin and ciprofloxacin. The susceptibility rates varied
widely between countries for ampicillin (32.7-65.5%), amoxicillin/clavulanic acid (51.9—

93.5%), cefuroxime (73.0-93.0%) and trimethoprim/sulfamethoxazole (54.5-87.8%).

For Italy, Spain and Russia, only fosfomycin, mecillinam and nitrofurantoin were
characterised by percentages of susceptibility >90%. Resistance rates to ciprofloxacin
exceeded 10%. In Italy and Spain, ampicillin, trimethoprim/sulfamethoxazole, cefuroxime

and amoxicillin/clavulanic acid were all characterised by susceptibility rates <80.9%.

The MIC distributions of all antibiotics tested for each country were also analysed. The
highest MIC of fosfomycin was 512 mg/L (one strain isolated in Spain), whilst the highest
MIC value of nitrofurantoin was 256 mg/L and was observed for strains isolated in Brazil,
Germany, Russia and Spain. Cefuroxime MIC values >128 mg/L were recorded in Brazil,
France, Italy, Russia and Spain. Amoxicillin/clavulanic acid MICs reached 128 mg/L in
Brazil, France, Hungary, ltaly, Poland and Spain. For the other drugs, the ranges of MIC

values did not vary greatly among different countries (data not shown).

Resistance to any agent was associated with increased resistance to the other agents
tested. The only exception was the absence of an association between fosfomycin and
ciprofloxacin resistance. The difference in the rate of ciprofloxacin resistance between
fosfomycin-resistant and -susceptible E. coli was not statistically significant (P = 0.5). Of
2315 E. coli isolates from 10 countries, less than one-half were fully susceptible to the
agents investigated (850/2315; 36.7%). Overall, 458 isolates (19.8%) were resistant only

to one agent, which was most commonly either ampicillin (13.6%) or
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trimethoprim/sulfamethoxazole (2.8%), and 228 (9.8%) were resistant to two
antimicrobials, generally represented by ampicillin and trimethoprim/sulfamethoxazole
(7.3%). Multiresistance (resistance to at least three different classes of antimicrobial

agents) was observed in 239 (10.3%) of 2315 isolates (data not shown).

The resistance pattern ampicillin/trimethoprim/sulfamethoxazole was the most represented
(333/2315; 14.4%), followed by the profile ampicillin/nalidixic

acid/trimethoprim/sulfamethoxazole (6.8% of the total isolates) (data not shown).

Resistance to cephalosporins, as measured by cefuroxime testing, was seen in 55 of the
E. coli isolates. Thirty-nine E. coli strains were ESBL-positive by the double-disk synergy
test and quantitative Etest. Molecular characterisation by PCR showed that of the 39
putative ESBL-producers (and their transconjugants), 28 carried a blactx-w gene, 7 a
blasny gene and 4 a blatem gene. The remaining 16 cefuroxime-resistant strains were

found to be also cefoxitin-resistant (data not shown).

Although not statistically significant, with the exception of ciprofloxacin (P < 0.001), the
percentages of antimicrobial resistance were generally higher among isolates recovered

from patients suffering from recurrent UTIs (Table 4).

Despite the large number of patients enrolled in this study, the number of isolates of
species other than E. coli did not permit country-wise analysis of the data. Table 5 shows

the overall antimicrobial resistance in K. pneumoniae, P. mirabilis and S. saprophyticus.

Against K. pneumoniae, which is intrinsically resistant to ampicillin, amoxicillin/clavulanic

acid and ciprofloxacin showed susceptibility percentages >90%. For fosfomycin and
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mecillinam ca. 88% of the strains were susceptible, whilst nitrofurantoin was characterised
by the lowest percentage of susceptible strains (18%). Approximately 80% of the K.
pneumoniae isolates were susceptible to nalidixic acid and trimethoprim/sulfamethoxazole.
As expected, nitrofurantoin was not active against P. mirabilis. Fosfomycin and mecillinam
inhibited >85% of these isolates. Remarkable is the high trimethoprim/sulfamethoxazole,
ampicillin and nalidixic acid resistance (>20%) in P. mirabilis. By the same token, the first

two drugs had the lowest rates of susceptibility in S. saprophyticus.

Resistance to cefuroxime was seen in 6.5% and 4.8% of K. pneumoniae and P. mirabilis
isolates, most of which produced ESBLs. Molecular characterisation by PCR of these last
strains and of their transconjugants showed that all the P. mirabilis isolates carried a
blactx-m gene whilst 7 K. pneumoniae carried blasny (5), blactx-m (1) and one blatem (1)

genes.

4. Discussion

Uncomplicated cystitis in females is among the most frequent infections in the community.
The ARESC study has assessed the epidemiology and susceptibility patterns of common
uropathogens to standard antimicrobials used in the treatment of uncomplicated lower UTI
(cystitis). The clinical implications for empirical antimicrobial therapy in nine European

countries and Brazil have been published elsewhere [5].

Adoption of the same strict criteria to enrol patients and to classify microbiological infection
in all 62 centres as well as the uniformity of the method employed for identification to
species level and susceptibility testing in a single laboratory guarantee homogeneity and

validity to the results.
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As far as the aetiology of UTls is concerned, as expected E. coli was the most prevalent
pathogen (on average 76.7%), ranging from 68.1% in Austria to 83.8% in France. These

data agree with the range (70-95%) reported in the literature [4,9,10].

Among countries enrolling a large number of patients, non-E. coli infections appeared to
be most common in ltaly and Russia (both 27.4%). For Russia, the high incidence of non-
E. coli uropathogens could be ascribed to the high percentage of patients (33.7%)

suffering from recurrent UTls recruited in the study.

Staphylococcus saprophyticus was isolated more frequently among young women (<30
years) than in older ones and was not found in Italy and Hungary, confirming that the
occurrence of this pathogen is strongly influenced by the age of the patient, geographic
location and seasonality [11]. As expected, P. mirabilis, K. pneumoniae and other

Enterobacteriaceae species were recovered more frequently in patients with recurrent UTI.

Classification of susceptibility/resistance depends on the breakpoints adopted and these
may vary in different systems. Using the MIC values reported here, the results can be
adjusted to any interpretive local system. In this study, CLSI methodologies and

breakpoints were employed for comparing results from different countries.

In each single nation, ampicillin and trimethoprim/sulfamethoxazole were the least active
antimicrobial agents against E. coli, whilst fosfomycin was the most active drug in terms of
susceptible strains, followed by mecillinam and nitrofurantoin. This scenario has already

been observed worldwide during recent years. It is alarming that ciprofloxacin-resistant
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strains have been isolated from all countries participating into the study, reaching >10% in

Italy, Spain, Russia and Brazil.

In comparison with the ECO.SENS survey that explored the period January 1999—
December 2000 in 17 European countries [10], the ARESC study shows for some
countries increased figures of resistance to ampicillin, trimethoprim/sulfamethoxazole,
nalidixic acid and ciprofloxacin in E. coli and the emergence of ciprofloxacin resistance in
Austria. Although two different methods and interpretive criteria were used, this trend of
increasing resistance seems real. For Italy, a country that did not participate into the
ECO.SENS survey, previous local data are in agreement with the results of the present

study [12].

A significant increase in antibiotic resistance in all the countries participating in the ARESC
study has also been recorded during the same period (2003—2006) by the European
Antimicrobial Resistance Surveillance System (EARSS) network (http://www.rivm.nl/earss)
among invasive isolates of E. coli, with the exception of Russia and Brazil (these countries
were not included in the EARSS network). As expected, the rates of antibiotic resistance
observed among nosocomial invasive isolates were higher than those observed in our
study, but the ‘ranking order’ of the countries is similar. Moreover, with Russia and Brazil,
comparison of the ARESC data with those of two previous multicentre studies focused on
uncomplicated community-acquired UTIs (UTIAP 1998-2001 and a part of the SENTRY
Antimicrobial Surveillance Program 2003, respectively) showed a substantial increase in
resistance to p-lactams, trimethoprim/sulfamethoxazole, nitrofurantoin and quinolones

[13,14].
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A further threat is represented by the fact that E. coli strains circulating in the community
are often multiresistant and can carry ESBL genes, a feature that has been confirmed by
our data (of the tested microorganisms, >10% were in fact multiresistant and 1.7%

produced ESBLs). ESBL production was also observed in K. pneumoniae (5.6%) and P.

mirabilis (2.9%) [15-17].

This negative trend has been directly linked to the different use of the antimicrobial agents
in diverse geographic areas [18]. Antibiotics employed specifically in UTls (fosfomycin,
mecillinam and nitrofurantoin) exhibited low levels of resistance in all participating
countries both in recurrent and non-recurrent UTls, whilst drugs broadly prescribed for

several types of infections seemingly select resistant mutants more easily.

Associated resistance involving B-lactams, trimethoprim/sulfamethoxazole and
fluoroquinolones is common in our collection of strains. Similar associated resistance
patterns were observed by Kahlmeter and Menday [19] in the isolates of the ECO.SENS
study. This phenotype is selected for not only by the use of quinolones but also by the use
of ampicillin, amoxicillin, trimethoprim/sulfamethoxazole and sulfamethoxazole. However, it
is reassuring that fosfomycin is active against urinary E. coli irrespective of other
resistance traits [15,20,21], a notion confirmed by our data. The emergence and
dissemination of antibiotic-resistant E. coli might be the result not only of the selection of
different mutant strains generated by local antimicrobial prescription habits but

alternatively or concomitantly by clonal spread.

Some authors have in fact emphasised that the introduction of drug-resistant E. coli clonal
strains into a community plays a greater role in changing the prevalence of drug-resistant

UTls than the usage of drugs or the prescribing habits in that community [17,22].
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It has also been shown that certain clonal groups of trimethoprim/sulfamethoxazole-
resistant and/or ampicillin-resistant E. coli (i.e. ‘clonal group A’ and E. coli O15:K52:H1) as

well as CTX-M ESBL-producers have spread intercontinentally [23—-25].

We did not evaluate clonal relationship among trimethoprim/sulfamethoxazole- and/or
ampicillin-resistant strains but, in another contribution from this laboratory, we have
demonstrated that ca. 50% of the ARESC ciprofloxacin-resistant E. coli strains belong to
two international virulent clones (E. coli O15:K52:H1 and 025:H4-ST131) [26]. Both the
rates and quality of antimicrobial agent consumption and clonal spread have therefore
contributed to the present scenario, at least in some European countries such Italy and

Spain.

Conversely, fosfomycin-resistant E. coli displayed heterogeneous biotypes and

antibiotypes, suggesting no clonal expansion for strains carrying this character.

In conclusion, the resistance patterns of E. coli strains causing uncomplicated UTls may
vary considerably among different countries. As a consequence, no general
recommendations are applicable in the absence of laboratory guidance in single patients.
Particularly for fluoroquinolones and p-lactams, the availability of local epidemiological
data is mandatory for initiating correct empirical therapy. Fluoroquinolone resistance is an
increasing problem in some countries and may worsen because of clonal spread and
selection of resistant mutants that can occur readily given the high rate of circulating
nalidixic acid-resistant strains. These considerations strengthen the recommendation to
employ as first-line agents, when a diagnosis of uncomplicated UTI in a female patient is

firmly based, those antibiotics that, because of their use limited to the therapy of this
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condition, suffer very limited rates of resistance and have therefore a superior chance in

microbiological terms to eradicate the infection.
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Edited Table 1

Table 1

Distribution of pathogens by country

Country Pathogens [n (%)]
Total Escherichia Klebsiella Proteus Staphylococcus Other Others
coli pneumoniae mirabilis saprophyticus uropathogens 2 b

Austria 91(3.0) 62(68.1) 5(5.5) 3(3.3) 2(2.2) 12 (13.2) 7(7.7)

Brazil 506 374 (73.9) 31 (6.1) 19 (3.8) 25 (4.9) 32 (6.3) 25 (4.9)
(16.8)

France 488 409 (83.8) 5(1.0) 15 (3.1) 21 (4.3) 21 (4.3) 17 (3.5)
(16.2)

Germany 317 243 (76.7) 8 (2.5) 15 (4.7) 9 (2.8) 19 (6.0) 23 (7.3)
(10.5)

Hungary 66 (2.2) 52 (78.8) 2 (3.0) 0 (0) 0 (0) 10 (15.2) 2(3.0)

ltaly 329 239 (72.6) 18 (5.5) 10 (3.0) 0 (0) 44 (13.4) 18 (5.5)
(10.9)

Poland 119 90 (75.6) 3 (2.5) 4 (3.4) 5(4.2) 6 (5.0) 11 (9.2)
(3.9)

Russia 416 302 (72.6) 19 (4.6) 10 (2.4) 15 (3.6) 46 (11.1) 24 (5.8)
(13.8)

Spain 650 515 (79.2) 15 (2.3) 28 (4.3) 29 (4.5) 38 (5.9) 25 (3.8)
(21.5)
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The 36 (1.2) 29 (80.6) 1(2.8) 0 (0) 2 (5.6) 2 (5.6) 2 (5.6)
Netherlands
Total 3018 2315 (76.7) 107 (3.5) 104 (3.4) 108 (3.6) 230 (7.6) 154
(5.1)

@ Other Enterobacteriaceae (Enterobacter spp., Citrobacter spp., Serratia spp., Klebsiella spp., Pantoea spp., Salmonella spp.,
Morganella morganii and Hafnia alvei); non-Enterobacteriaceae (Pseudomonas aeruginosa and Burkholderia cepacia); and other
Gram-positive bacteria (Enterococcus faecalis, Enterococcus faecium and Enterococcus spp.).

® Staphylococcus aureus, coagulase-negative staphylococci other than S. saprophyticus and Streptococcus spp.
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Edited Table 2

Table 2

Susceptibility pattern of 2315 Escherichia coli isolated from urinary tract infections

Antimicrobial agent MIC (mg/L) Susceptibility [% (no. of strains)]
Range MICso MICgo S I R
Ampicillin 0.25 to >128 16 >128 45.1 (1045) 6.6 (153) 48.3 (1117)
AMC 0.25/0.12 to >128/64 8/4 16/8 82.5 (1910) 13.7 (316) 3.8 (89)
Mecillinam 2 <0.12 to >128 0.25 2 95.8 (2215) 1.5 (34) 2.8 (64)
Cefuroxime <0.12 to >128 4 8 82.4 (1907) 15.2 (353) 2.4 (55)
Nalidixic acid <0.012 to >128 4 >128 81.4 (1885) —¢ 18.6 (430)
Ciprofloxacin ® <0.015-64 <0.015 1 91.7 (2120) 0.2 (5) 8.1 (187)
SXT° <0.015/0.30 to >16/304 0.25/4.75 >16/304 70.6 (1633) -¢ 29.4 (681)
Nitrofurantoin <0.5-16 16 32 95.2 (2205) 3.1 (72) 1.6 (38)
Fosfomycin <1-512 2 8 98.1 (2272) 1.3 (30) 0.6 (13)

MIC, minimal inhibitory concentration; MICsg,90, MIC for 50% and 90% of the organisms, respectively; S, susceptible; |, intermediate;
R, resistant; AMC, amoxicillin/clavulanic acid; SXT, trimethoprim/sulfamethoxazole.

@ 2313 strains assayed.

P 2312 strains assayed.

© 2314 strains assayed.

4 MIC value for intermediate category does not exist.
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Edited Table 3

Table 3

Susceptibility pattern of 2315 Escherichia coli isolated from different countries to various antimicrobial agents

Country  Susceptibility (%)
AMP AMC MEC CFX NAL CIP SXT NIT FOS
S I R S I R S I R S I R S R S I R S R S I R S I R
Austria 435 8.2 48.3 935 49 16 100 O 0 774 210 16 91.9 8.1 984 0 1.6 71.0 29.0 100 O 0 100 O 0
Brazil 377 59 56.4 79.8 147 55 948 13 39 745 221 34 754 246 892 0 10.8 545 455 943 33 24 971 21 0.8
France 60.9 3.7 354 909 7.7 14 971 0.7 22 893 9.8 0.9 936 6.4 984 02 14 87.8 122 973 1.7 1.0 991 0.7 0.2
Germany 59.2 59 349 886 102 1.2 976 1.2 1.2 93.0 6.6 04 90.5 9.5 96.3 0 3.7 741 259 925 50 25 980 12 038
Hungary 327 3.8 63.5 519 385 96 962 0 38 73.0 251 19 673 327 96.2 O 3.8 59.6 404 981 19 0 100 O 0
Italy 431 3.0 539 715 218 67 941 25 34 777 168 55 736 264 875 08 11.7 712 288 975 25 0 979 21 0
Poland 40.0 20.0 400 86.7 100 33 978 11 1.1 811 167 22 844 156 934 0 6.6 80.0 2000 923 33 44 989 11 O
Russia 420 146 434 831 130 39 972 14 14 857 110 3.3 828 172 864 0.7 129 694 306 947 40 1.3 994 03 0.3
Spain 35.3 4.7 60.0 809 149 42 941 17 42 786 194 20 734 266 893 O 10.7 66.2 338 941 37 22 972 16 1.2
The 655 6.9 276 828 138 34 966 O 34 897 103 O 93.1 6.9 966 O 3.4 79.3 207 100 O 0 100 O 0
Netherlan
ds
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AMP, ampicillin; AMC, amoxicillin/clavulanic acid; MEC, mecillinam; CFX, cefuroxime; NAL, nalidixic acid; CIP, ciprofloxacin; SXT,
trimethoprim/sulfamethoxazole; NIT, nitrofurantoin; FOS, fosfomycin; S, susceptible; |, intermediate; R, resistant.

@ Minimal inhibitory concentration (MIC) value for intermediate category does not exist.
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Edited Table 4

Table 4

Antimicrobial susceptibility of Escherichia coli isolated from recurrent and not-recurrent urinary tract infection (UTI)

Antimicrobial agent

% (no. of isolates)

Not-recurrent UTI (n = 2062)

Recurrent UTI (n = 253)

S | R S | R
Ampicillin 459 (947) 6.4 (131) 47.7(984) 38.7(98) 8.7 (22) 52.6(133)
AMC 82.6 (1703) 13.9(286) 3.5(73)  81.8(207) 11.9(30) 6.3 (16)
Mecillinam 95.6 (1969) 1.6 (32) 2.9(59) 97.2(246) 0.8(2) 2.0 (5)
Cefuroxime 82.8 (1708) 15.2(313) 2.0 (41)  78.7(199) 15.8 (40) 5.5 (14)
Nalidixic acid 82.5 (1701) -2 17.5 (361) 72.7 (184) 0 27.3 (69)
Ciprofloxacin 92.8 (1910) 0.2 (5) 7.0 (144) 83.0 (210) 0 17.0 (43)
SXT 71.2 (1468) -2 28.8 (593) 65.2 (165) — 2 34.8 (88)
Nitrofurantoin 95.3 (1965) 3.1(64) 1.6(33) 94.9(240) 32(8) 2.0 (5)
Fosfomycin 98.0 (2021) 1.4(29) 0.6(12) 99.2(251) 0.4 (1) 0.4 (1)

S, susceptible; I, intermediate; R, resistant; AMC, amoxicillin/clavulanic acid; SXT, trimethoprim/sulfamethoxazole.

@ Minimal inhibitory concentration (MIC) value for intermediate category does not exist.
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Edited Table 5

Table 5

Susceptibility patterns of the most common uropathogens other than Escherichia coli

Antimicrobial agent Susceptibility (%)

Klebsiella pneumoniae (n = 107)

Proteus mirabilis (n = 104) Staphylococcus saprophyticus (n = 108)

I R I R I R
Ampicillin 0.9 99.1 0 32.7 - 36.4
AMC 6.5 2.8 3.8 1.9 0 0
Mecillinam 2 2.8 8.4 4.8 5.8 -¢ -¢
Cefuroxime 14.9 6.5 1.9 4.8 1.9 1.9
Nalidixic acid 0 17.8 0 21.2 -° -°
Ciprofloxacin 0.9 4.7 29 6.7 0 0.9
SXT =P 23.3 =P 37.5 =P 10.2
Nitrofurantoin 44.9 37.4 57.7 42.3 0.9 0.9
Fosfomycin @ 6.5 5.6 3.9 9.7 - -

[, intermediate; R, resistant; AMC, amoxicillin/clavulanic acid; SXT, trimethoprim/sulfamethoxazole; MIC, minimal inhibitory

concentration.

@ Clinical and Laboratory Standards Institute breakpoints for E. coli have also been used for K. pneumoniae and P. mirabilis.

® MIC value for intermediate category does not exist.

¢ MIC breakpoints for this antimicrobial agent against this pathogen does not exist.
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