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Abstract

Background: Complicated urinary tract infections (c-UTls) are among the most common nosocomial infections and a
substantial part of the antimicrobial agents used in hospitals is for the treatment of c-UTls. Data from surveillance can be
used to guide the empirical treatment choices of clinicians when treating c-UTls. We therefore used nation-wide surveillance
data to evaluate antimicrobial coverage of agents for the treatment of c-UTI in the Netherlands.

Methods: We included the first isolate per patient of urine samples of hospitalised patients collected by the Infectious
Disease Surveillance Information System for Antibiotic Resistance (ISIS-AR) in 2012, and determined the probability of
inadequate coverage for antimicrobial agents based on species distribution and susceptibility. Analyses were repeated for
various patient groups and hospital settings.

Results: The most prevalent bacteria in 27,922 isolates of 23,357 patients were Escherichia coli (47%), Enterococcus spp.
(14%), Proteus mirabilis (8%), and Klebsiella pneumoniae (7%). For all species combined, the probability of inadequate
coverage was <5% for amoxicillin or amoxicillin-clavulanic acid combined with gentamicin and the carbapenems. When
including gram-negative bacteria only, the probability of inadequate coverage was 4.0%, 2.7%, 2.3% and 1.7%, respectively,
for amoxicillin, amoxicillin-clavulanic acid, a second or a third generation cephalosporin in combination with gentamicin,
and the carbapenems (0.4%). There were only small variations in results among different patient groups and hospital
settings.

Conclusions: When excluding Enterococcus spp., considered as less virulent, and the carbapenems, considered as last-resort
drugs, empirical treatment for c-UTI with the best chance of adequate coverage are one of the studied beta-lactam-
gentamicin combinations. This study demonstrates the applicability of routine surveillance data for up-to-date clinical
practice guidelines on empirical antimicrobial therapy, essential in patient care given the evolving bacterial susceptibility.
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Introduction Another important predictor of treatment failure is antimicro-
) ) ) bial resistance [4,5], highlighting the importance of adequate
Urinary tract infections (UTTs) are among the most common recommendations for empirical treatment that are updated

nosocomial infections and a substantial part of the antimicrobial regularly given the evolving epidemiology and changing bacterial

agents used in hospitals is for the weatment of UTIs [1].  gqceptibility [6,7]. The Dutch Working Party on Antibiotic Policy
Nosocomial UTIs are usually considered complicated infections (Stichting Werkgroep Antibioticabeleid [SWAB]) develops evi-
since hospitalised patients with an UTI have a higher chance of  qepce-hased guidelines for antimicrobial use in Dutch hospitals
sepsis and treatment-failure than patients attending a general (www.swab.nl). The previous SWAB guideline for the antimicro-
practitioner [2,3]. bial treatment of complicated UTI (c-UTI) dates from 2006 [3].

Since then, resistance rates to amoxicillin-clavulanic acid,
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ciprofloxacin and the cephalosporins, which are recommended as
empirical treatment in this guideline, have increased world-wide
[8,9], resulting in an update of the guideline in 2013 [10].

Data from surveillance can be used to guide the empirical
treatment choices of clinicians [6], and to support treatment
guidelines. Guidelines on antimicrobial use attempt to prevent
discrepancies between empirical treatment and causative patho-
gens by recommending the least broad-spectrum agent with
adequate bacterial coverage. Therefore, guidelines also play an
important role in antibiotic stewardship by minimizing the use of
broad-spectrum antimicrobial agents and subsequent ecological
adverse effects of antimicrobial therapy, such as the selection of
drug-resistant organisms [7].

Escherichia coli is the most common causative pathogen in UTIs
worldwide [11]. However, data about the prevalence and
distribution of other pathogens in UTIs are rare. Additionally,
the prevalence of antimicrobial resistance differs greatly per
country [12-14]. In this study, we used data from the Dutch
Infectious Disease Surveillance Information System on Antimi-
crobial Resistance (ISIS-AR) to determine species distribution and
antimicrobial susceptibility of wurine isolates of hospitalised
patients, and evaluated antimicrobial coverage of agents recom-
mended for the empirical treatment of c-UTI in several patient
groups and settings in the Netherlands.

Materials and Methods

Setting

ISIS-AR collects interpretations of antimicrobial susceptibility
(i.e. susceptible, intermediate resistant and resistant), including
underlying MIC values and disk zone diameters (if available), and
patient data (i.e. age, gender, sample site, patient setting,
department and date of admission in case of hospitalisation) of
all routinely cultured bacterial species of participating medical
microbiology laboratories located in various regions of the
Netherlands [15]. In 2012, 32 laboratories (i.e. 65% of laboratories
in the Netherlands) participated in ISIS-AR. These laboratories
serve tertiary referral centres, teaching- and community hospitals,
outpatient clinics, long-term care facilities, and general practition-
ers. Over 50% of the Dutch population is covered by ISIS-AR and
its antimicrobial susceptibility data are considered representative
for the Netherlands.

Definition of c-UTI

ISIS-AR lacks clinical data and only collects antimicrobial
susceptibility data of bacterial isolates with limited patient
background data. We therefore defined a c-UTI as a positive
urine sample (i.e., cultured uropathogen irrespective of the value of
colony forming units (CFU)/ml since ISIS-AR does not collect
information on CFU/ml) from a hospitalised patient since
uncomplicated infections are rare in the hospital setting
[2,10,16]. Due to the lack of patient data, we were not able to
distinguish asymptomatic bacteruria (ASB) from a clinical UTT.
However, it is not recommend to screen for ASB in the
Netherlands [10]. We defined a c¢-UTT as hospital-associated if
the urine sample was collected after the second day of hospital
admission, otherwise the c-UTI was considered community-onset.

Isolate selection

We included the first isolate per patient of urine samples of
patients aged > = 18 years hospitalised from January to December
2012. Isolates from patients admitted at Intensive Care Units
(ICU) were excluded since ICU-patients are usually more ill,
receive more antimicrobials and often have urinary catheters.
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Additionally, rates of antimicrobial resistance at ICUs are higher
than at non-ICU hospital departments [17,18]. Urine samples
from which only coagulase negative staphylococci (CoNS) were
cultured (n=428) or from which more than two pathogens were
1solated were considered to represent contamination (n=1530)
and no infection [19].

Antimicrobial susceptibility and antimicrobial coverage

For Enterobacteriaceac and other gram-negative bacteria, we
reinterpreted the available MIC values of isolates for amoxicillin,
amoxicillin- clavulanic acid, piperacillin-tazobactam, cefuroxime,
ceftazidime, cefotaxime/ceftriaxone, ciprofloxacin, imipenem,
meropenem, trimethoprim-sulphamethoxazole, nitrofurantoin
and gentamicin as susceptible or non-susceptible using the
European Committee for Antimicrobial Susceptibility Testing
(EUCAST) 2012 (version 2.0) guidelines (www.eucast.org). For
gram-positive bacteria, MIC values were unavailable for the
majority of isolates. We therefore used antimicrobial susceptibility
interpretations as reported by the participating laboratories. For
the most common uropathogens, we determined to proportion of
isolates non-susceptible for each antimicrobial agent separately, for
the third generation cephalosporins as a group (3GC; non-
susceptible to either ceftazidime, cefotaxime or ceftriaxone), for
the carbapenems as a group (CARB; non-susceptible to either
meropenem or imipenem), and for some specific antimicrobial
combinations used for empirical treatment (i.e., amoxicillin,
amoxicillin-clavulanic acid, cefuroxime or 3GC combined with
gentamicin; non-susceptible to both agents).

To assess the probability of inadequate antimicrobial coverage,
we calculated a weighted average of non-susceptibility for all
uropathogens combined and for the gram-negative bacteria only.
A weighted average implies that the distribution of species in urine
samples was taken into account. For example, of the 14,022 E. colz,
45.6% is resistant to agent A (0.456%14,022), resulting in 6,394
resistant E. coli); of the 2,361 Proteus mirabilis, 22.9% is resistant to
agent A (0.229%2,361) resulting in 541 resistant P. mirabilis. The
weighted average of resistance of these two pathogens to agent A
would be (14,022+2,361 = 16,383, of which 6,394+541=6,935
isolates are resistant) 6,935/16,383 =42.3%, implying that in
42.3% of patients, the antimicrobial coverage of agent A is
expected to be inadequate. When assessing the probability of
inadequate coverage for a specific antimicrobial agent, we adjusted
for pathogens that are considered intrinsically resistant to that
agent (e.g., these pathogens were considered as resistant),
according to the EUCAST expert rules [20].

Statistical analysis

Proportions of non-susceptibility and probability of inadequate
coverage were calculated as described as above. Fleiss Quadratic
Approximation was used for the calculation of 95% confidence
intervals (95% CI). To assess the generalizability of or our results
we performed similar analyses for various patient groups and urine
sample types, namely 1) community-onset versus hospital-associ-
ated c-UTT; 2) spontaneously passed midstream urine versus urine
originating from catheters; 3) male patients versus female patients;
4) urine samples from all patients versus urine samples from
patients with a blood sample with an identical species submitted
within 7 days of the urine sample with that species (i.e., c-UTI
versus urosepsis [median time between urine and blood sample
collection: 0 days, mean time: 0.17 days and standard deviation
0.74 days]).

Finally, similar analyses were performed for different hospital
settings, namely 1) community hospitals; 2) teaching hospitals; 3)
university hospitals/tertiary referral centres. All three settings have
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their own specific patient population with university hospitals
usually having the highest rates of antimicrobial resistance due to
the more complicated nature of its patients. To assess regional
differences, hospital settings were defined for each participating
laboratory and analysis were repeated for each participating
laboratory separately.

All data analyses were performed using SAS/STAT software,
SAS System for Windows 9.3, SAS Institute Inc., Cary, NC, USA.

Ethics statement

The data of the bacterial isolates and their susceptibility results
used in this study belong to the microbiological laboratories
participating in ISIS-AR and was obtained as part of routine
clinical care in the past. Written or verbal consent of patients was
therefore not obtained. Furthermore, all patient identifiers had
been previously removed and data were analysed anonymously.
According to the Dutch Medical Research Involving Human
Subjects Act (WMO) this study was considered exempt from
review by an Institutional Review Board.

Results

Pathogen distribution

We included 27,922 isolates from 23,357 patients. The most
predominantly found pathogens were: E. coli (13,178; 47.2%),
Enterococcus spp. (4,206; 15.1%), P. mirabilis (2,113; 7.6%), Klebsiella.
pneumoniae (1,869; 6.7%), Pseudomonas aeruginosa (1,400; 5.0%), B-
haemolytic streptococci group B (813; 2.9%), Staphylococcus aureus
(751; 2.7%), K. oxytoca (607; 2.2%), Enterobacter cloacae (588; 2.1%),
and Morganella morganii (284; 1.0%). The remaining 2.113 (7.6%)
isolates were uncommon pathogens each accounting for less than
1% of the total number of isolates.

Figure 1 shows the distribution of pathogens per type of urine
sample and various patient groups. E. coli were less frequently
identified in hospital-associated c-UTT than in community-onset c-
UTI (45.4%; 95% confidence interval [CI] 44.2%46.7% versus
54.1%; 95%CI 53.0%—-55.2%), while Enterococci, P. mirabilis, P.
aeruginosa, and FE.cloacae were more frequently found in hospital-
associated c-UTI than in community-onset c-UTI. In urine
samples from patients representing urosepsis (i.e., a positive blood
sample with the same species), the top three pathogens was
substantially different from samples of patients considered to have
a c-UTI without a bloodstream infection. In samples from patients
with urosepsis, F. coli was far more frequently isolated (67.8%;
95%CI 65.5%-70.0% versus 51.1%; 95%CI 50.5%-51.7%),
while Enterococcus spp. were only isolated in 0.8% (95%CI 0.4—
1.3%) versus 16.3% (95%CI 15.8-16.8%) urine samples.

Antimicrobial coverage

Table la shows the percentage of non-susceptibility and
probability of inadequate coverage for each antimicrobial agent
of the most common pathogens isolated from urine samples.
Table 1b shows the overall probability of inadequate coverage for
gram-negative bacteria only. For all species combined, including
both gram-negative and gram-positive pathogens, the probability
of inadequate coverage was less than 5% for gentamicin,
amoxicillin or amoxicillin-clavulanic acid combined with genta-
micin and the carbapenems (Table 1a). When focussing on gram-
negative bacteria, the probability of inadequate coverage of a
second or a third generation cephalosporin in combination with
gentamicin was less than 5% as well. A high probability of
madequate coverage was found for antimicrobial agents for which
many of the pathogens are intrinsically resistant, such as
amoxicillin or amoxicillin-clavulanic acid and cefuroxime. Also
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for trimethoprim-sulphamethoxazole there was a high probability
of inadequate coverage. For ciprofloxacin, the probability of
madequate coverage was 11% (table la) and 14.8% (table 1b).

Since gram-negative bacteria represent the majority of causative
pathogens, in particular in patients representing urosepsis
(figure 1), we assessed the generalizability of our results for the
gram-negative bacteria only, and found only minor variations in
results among different patient groups and urinary sample types
(table 2). In general, isolates from male samples were more
resistant than isolates from female samples, with the largest
differences in probability of inadequate coverage found for
amoxicillin-clavulanic acid, cefuroxime, ceftazidime, third gener-
ation cephalosporins and ciprofloxacin. Resistance was lower in
community-onset c-UTT than in hospital associated c-UTI, in
particular for 3GC. However, for all patient groups and sample
types the probability of inadequate coverage was below 5% for
amoxicillin-clavulanic acid, cefuroxime, or a third generation
cephalosporin in combination with gentamicin, and the carbape-
nems.

There were variations in the probability of inadequate coverage
between the different hospital settings (table 3) and different
laboratories (data not shown) for gram-negative isolates. The
probability of inadequate coverage for amoxicillin-clavulanic acid,
third generation cephalosporins, ciprofloxacin, gentamicin, and
combinations of amoxicillin-clavulanic acid and third generation
cephalosporins with gentamicin were higher in university hospi-
tals. Inadequate coverage for almost all hospital settings and
laboratories was below 5% for amoxicillin-clavulanic acid,
cefuroxime, and third generation cephalosporins in combination
with gentamicin, and the carbapenems.

Discussion

This study provides current information regarding the distribu-
tion of pathogens and their antimicrobial susceptibility patterns in
urine samples from hospitalised patients in the Netherlands.
Furthermore, we show that routinely collected surveillance data on
antimicrobial resistance are useful for developing guidelines on
antimicrobial therapy.

The large amount of patient data in our study, enabling sub-
analyses for different patients groups, distinguishes this study from
previous studies on UTT in the Netherlands that found . coli in
72% of urine samples of female general practice patients [11], or
international studies that focussed on one specific patient group,
such as patients with urinary catheters, ICU patients or outpatients
only [21-23]. Therefore, this study provides additional informa-
tion on resistance in UTI than is currently available. Studies that
have the power to assess results for different patient groups are
especially beneficially for the development of a national guideline
since they provide information on the generalizability of data, but
also on specific patient groups that might need tailored recom-
mendations. We found some variations in the distribution of
pathogens between different patients groups and urine sample
types. For instance, in the majority of the urine samples from
patients representing urosepsis, gram-negative bacteria were the
most commonly isolated pathogens, while enterococci, which are
the second most commonly isolated pathogens when including
samples from all hospitalised patients, were hardly identified,
suggesting that the coverage of enterococci in empirical therapy is
questionable due to their low prevalence in severe c-UTI, such as
urosepsis [24]. The probability of inadequate coverage also
showed some small variations between different patient groups
and hospital settings and resistance was lowest in community-onset
infections and in infections among female patients, potentially
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Figure 1. Pathogen distribution of various urine sample types and patient groups, ISIS-AR, the Netherlands, 2012. *We considered an
infection to represent urosepsis when a blood specimen was submitted from the same patient, with the same pathogen within 7 days of a urinary
specimen with that pathogen **We considered a UTI community onset if the urine sample was collected within two days after hospital admission ***
We considered a UTI hospital associated if the urine sample was collected after the second day of hospital admission.

doi:10.1371/journal.pone.0086634.g001

affecting antimicrobial therapy choices when considering single
agents. For example, resistance to ciprofloxacin is lower among
female patients than male patients and resistance to 3GC as a
single treatment agent is lower among community-onset c-UTI
than hospital-associated c-UTI due to the lower prevalence of P.
aeruginosa and  Enterobacter spp. However, when considering a
percentage of 5% as the upper limit for inadequate coverage that is
often used for decision making on empiric therapy for life-
threatening infections [25], there were no substantial variations
among suitable agents. Differences in the probability of inadequate
coverage for the cephalosporins when considering all uropatho-
gens combined versus gram-negative uropathogens only were
mainly contributed to the FEnterococcus spp since they are
intrinsically resistant. This resulted in a higher probability of
inadequate coverage with cefuroxime or 3GC in combination with
gentamicin when compared to amoxicillin-clavulanic acid in
combination with gentamicin. However, when only gram-negative
uropahogens are considered there are no clinically relevant
differences in probability of inadequate coverage for amoxicillin-
clavulanic acid in combination with gentamicin and the cepha-
losporins in combination with gentamicin.

Although our study benefits from the large amount of data, it is
limited by the lack of clinical information on actual infections and
patient treatment. However, we performed sub analysis on data of
patients with a blood sample and a simultaneous urine sample
both with identical species that are likely to represent life-
threatening infections with the urinary tract as the source of
infection. Results from these sub analysis identified E. coli as the
major pathogen and susceptibility patterns found in this group of
patients identify the same antimicrobial agents with a probability
of inadequate coverage below 5% as found in other patient groups.
Additionally, it is not routine practice to collect urine samples for
microbiological testing in the case of asymptomatic bacteriuria in
the Netherlands [10], suggesting that urine samples are collected
only when infection is suspected. Our results show higher
percentages of resistance for ciprofloxacin and lower percentages
of resistance to gentamicin than reported in previous Dutch studies
on antimicrobial resistance [26,27], which might be explained by

PLOS ONE | www.plosone.org

the specimen selection and the use of non-susceptibility instead of
resistance.

When considering routine surveillance data of urine samples
and when excluding Enterococcus spp., that have a low prevalence in
serious ¢-UTT such as urosepsis, the most suitable empirical
treatment for c-UTT in hospitalized patients should be intravenous
therapy with amoxicillin, depending on the local resistance
patterns with clavulanic acid, or a second or third generation
cephalosporin, all combined with an aminoglycoside that have a
useful additive role in the treatment of serious infections by gram-
negative bacteria, such as ¢c-UTI [28,29]. In many settings a third
generation cephalosporin without an aminoglycoside might be a
good alternative, depending on the local resistance data and
severity of patient symptoms or in case of community-onset c-UTL.
Mono-therapy with a second generation cephalosporin seems no
suitable option due to the high resistance in most patient groups
and hospital settings. Fluoroquinolones are also no suitable first-
line choice for empiric therapy but might be an option for oral
therapy in non-hospitalized patients and less severely ill patients.
After initial empiric therapy, definite antimicrobial therapy should
be directed based on the available antimicrobial susceptibility test
results.

Although we found differences in the pathogen distribution and
antimicrobial coverage between men and women, we do not
recommend separate guidelines for the empirical treatment of c-
UTT in these two patient groups since no major differences were
found among those antimicrobial agents with a probability of
inadequate treatment below 10%. Additionally, we do not
recommend last-resort agents, such as the carbapenems for
empirical treatment since broad-spectrum agents are associated
with the selection of drug-resistant organisms [7,26].

The results from this study are in line with the recommenda-
tions of the recently revised SWAB guideline for empirical
treatment of c-UTI [10], demonstrating the applicability of
routine surveillance data in guideline development and that the
regular analyses of data on resistance allows for the timely
adaptation of guidelines on empirical antimicrobial therapy.
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Table 2. The probability of inadequate coverage (e.g., weighted average) for gram-negative uropathogens (see table 1) in
different groups of patients or urinary specimen types, ISIS-AR, the Netherlands 2012.

CTX/ AMO + AMC+ CXM+ 3GC+
AMX AMC CXM CAZ CRO 3GC CARB CcIp SXT NIT GEN GEN GEN GEN GEN
All patients 53.0 257 213 5.1 12.7 13.2 0.4 148 260 237 5.9 4.0 2.7 23 1.7
Urosepsis* 53.4 19.7 144 7.2 124 9.1 0 20.6 339 2.6 7.1 6.3 3.4 34 24
Community onset** 51.1 18.7 134 4.7 54 57 0.2 159 250 19.1 5.8 4.4 3.0 25 1.6
Hospital associated*** 524 228 16.8 6.7 7.8 8.2 0.7 13.2 24.5 250 6.8 53 3.4 3.1 25
Midstream urine 51.1 18.1 14.0 4.8 5.9 6.2 0.3 14.2 26.2 17.0 5.7 5.0 26 24 17
Catheter urine 54.8 20.0 155 57 6.6 6.9 0.6 166 275 23.0 5.8 49 3.0 2.6 20
Women 48.9 17.2 124 45 5.2 5.6 0.3 125 247 16.1 5.0 4.0 23 19 14
Men 59.0 252 19.2 6.7 8.6 85 0.7 196 287 26.2 8.0 6.6 45 3.8 2.8

*We considered an infection to represent urosepsis when a blood specimen was submitted from the same patient, with the same pathogen within 7 days of a urinary
specimen with that pathogen.

**We considered a UTI community onset if the urine sample was collected within two days after hospital admission.

***We considered a UTI hospital associated if the urine sample was collected after the second day of hospital admission.

AMX: amoxicillin, AMC: amoxicillin-clavulanic acid, CXM: cefuroxime, CAZ: ceftazidime, CTX: cefotaxime, CRO: ceftriaxone, 3GC: 3rd generation cephalosporins, CARB:
carbapenems, CIP: ciprofloxacin, SXT: trimethoprim-sulphamethoxazole, NIT: nitrofurantoin, GEN: gentamicin.

doi:10.1371/journal.pone.0086634.t002
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Delft, Department of Medical Microbiology, Diagnostic Centre SSDZ
(E.E. Mattsson).

Deventer, Department of Medical Microbiology, Deventer Hospital
(F.W. Sebens).

Dordrecht, Department of Medical Microbiology, Albert Schweitzer
Hospital (H.MLE. Frénay, B. Maraha).

Enschede, Laboratory for Microbiology and Public Health (F.G.C.
Heilmann, T. Halaby).

Goes, Department of Medical Microbiology and Immunology, Admiraal
De Ruyter Hospital, (D. Versteeg).

Groningen, Laboratory for Infectious Diseases (R. Hendrix, J.F.P.

Schellekens).

Table 3. The average probability of inadequate coverage, including range, for gram-negative uropathogens (see table 1) in
different hospital settings*, ISIS-AR, the Netherlands 2012.

Community Teaching University

Hospital setting

Average (%) Range (%) Average (%) Range (%) Average (%) Range (%)

AMX 51.8 50.7-53.0 51.8 50.6-52.9 54.3 51.7-56.9
AMC 18.9 18.1-19.8 18.7 17.9-19.5 31.7 29.4-34.2
CXM 14.1 13.4-14.9 15.0 14.2-15.7 15.2 13.4-17.2
3GC 6.3 5.9-6.9 6.5 6.0-7.0 89 7.5-10.4
CARB 0.4 0.2-0.5 0.5 0.4-0.7 0.3 0.1-0.7
CIP 14.8 14.1-15.6 14.9 14.2-15.6 16.0 14.3-18.0
SXT 257 24.8-26.7 257 24.7-26.6 27.8 25.6-30.2
NIT 204 19.6-21.3 19.6 18.7-20.4 13.8 12.1-15.7
GEN 5.5 5.0-6.0 59 5.4-6.4 9.9 85-115
AMX+GEN 4.7 4.2-5.2 53 4.8-5.8 3.6 2.7-4.7
AMC+GEN 2.6 2.3-29 3.0 26-34 53 4.3-6.6
CXM+GEN 23 2.0-26 2.6 2.3-3.0 33 25-44
3GC+GEN 1.6 13-1.9 1.9 1.6-2.2 29 2.1-39

*There were no outliers among individual centers. The average number of patients was 261 for community hospitals (median 257, range 59-616), 523 for teaching
hospitals (median 501, range 172-1020) and 692 for university hospitals (median 692, range 665-719).

AMX: amoxicillin, AMC: amoxicillin-clavulanic acid, CXM: cefuroxime, 3GC: 3rd generation cephalosporins, CARB: carbapenems, CIP: ciprofloxacin, SXT: trimethoprim-
sulphamethoxazole, NIT: nitrofurantoin, GEN: gentamicin.

doi:10.1371/journal.pone.0086634.t003
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Haarlem, Regional Laboratory of Public Health (B.M.W. Diederen).

Heerlen, Department of Medical Microbiology, Atrium MC Parkstad,
(E.ILG.B. de Brauwer, F.S. Stals).

Hilversum, Department of Medical Microbiology, CBSL (L.J. Bakker,
J-W. Dorigo-Zetsma).

Leeuwarden, Izore, Centre for Infectious Diseases Friesland (J.H. van
Zeijl).

Leiden, Department of Medical Microbiology and Immunology,
University Medical Center Leiden (A.T. Bernards).

Nieuwegein, Department of Medical Microbiology, St Antonius
Hospital, (B.M. de Jongh, B.J.M. Vlaminckx).

Nijmegen, Department of Medical Microbiology, Canisius Wilhelmina
Hospital (A. Horrevorts).

Nijmegen, Department of Medical Microbiology, Radboud University
Nijmegen Medical Center, (S. Kuipers).

Roosendaal, Department of Medical Microbiology, Franciscus Hospital
(R.G.F. Wintermans).

Schiedam, Department of Medical Microbiology, Vlietland Hospital (B.
Moftie).

’s-Gravenhage, Department of Medical Microbiology, Haga Teaching
Hospital (R.W. Brimicombe).

’s-Gravenhage, Department of Medical Microbiology, MCH Westeinde
Hospital (C.L. Jansen).

’s-Hertogenbosch, Department of Medical Microbiology and Infection
Control, Jeroen Bosch Hospital (N.H.M. Renders).
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