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Abstract

Data from two internet-based studies on NAUTI in hospitalized urological patients are presented together:
the Pan European Prevalence (PEP) study, which was a 1-day prevalence study in November 2003; and the
Pan Euro-Asian Prevalence (PEAP) study, which was carried out in November 2004. Overall, 93 and 101
hospitals from the two studies, respectively, completed the hospital questionnaires and provided patient
information for the present study. NAUTI was diagnosed according to the Centres for Disease Control and
Prevention (CDC) criteria in 727 of the 6033 patients hospitalized on study days in urological departments.
The most commonly reported pathogen was Escherichia coli (31%), followed by species of Pseudomonas
(13%), Enterococcus (10%), Klebsiella (10%), Enterobacter (6%) and Proteus (6%). Candida spp. and
Pseudomonas spp. occurred significantly more frequently as causative agents in urosepsis than in other types
of infections. The resistance of E. coli, Klebsiella and Proteus spp. was below 45% for the most commonly
used antibiotics. Enterococcus spp. and Pseudomonas spp. however, had resistance rates above 70% to most
antibiotics. A total of 56% of the hospitalized urological patients were receiving antimicrobial therapy on the
study day; 46% for prophylaxis, 26% for microbiologically proven UTI, 21% for only clinically suspected
UTI and 7% for other infections. The most commonly used antibiotics were fluoroquinolones (35%),
cephalosporins (27%), penicillins (16%), aminoglycosides (15%), and co-trimoxazole (9%). Differences
between countries and regions were highly significant. There is an urgent need for continuous surveillance of
NAUTI and improvement of antibiotic policy to counteract the widespread increase of antimicrobial
resistance.
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1. Introduction

Urinary tract infections (UTIs) are among the most common community-acquired infection; the types of
pathogens and the susceptibility of pathogens are well described [1]. In some regions, however, a rising
resistance rate is a cause of concern [2]. UTIs are also the most common nosocomially acquired infection [3],
[4]. The spectrum and susceptibility of these infections is different from that of community-acquired
infections and they are more difficult to treat. Most published data of UTIs are in patients in intensive care
units [5]. Nosocomially acquired UTIs (NAUTI) occurring in urological departments may be even more
difficult to treat due to complicating factors such as urinary tract obstruction, stones, and reduced kidney
function. Although UTIs may occur as a complication of any type of surgery, the detrimental effect on the
outcome of surgery is of particular importance in urology. Little is known about the spectrum and the
susceptibility of pathogens in urology departments in an international perspective. Pathogens may spread
between patients, and health personnel may act as carriers [6]. Since pathogens do not respect national
boundaries, and the transport of patients and health personnel is increasing, we decided to study this on an
international level [7]. The aim of this paper is to present the data on pathogens, susceptibility, and use of
antibiotics from the Pan European Prevalence (PEP) and the Pan Euro-Asian Prevalence (PEAP) studies.
More detailed results on the internet application, the data collection, and the prevalence of NAUTI in regard
to clinical aspects, regions and countries are reported elsewhere [8].

2. Materials and methods

2.1. Protocol and organisation

The studies were initiated and organized by the board of the European Society of Infections in Urology
(ESIU), which is a scientific section within the European Association of Urology (EAU). Both studies were
fully sponsored by the EAU. Both studies were carried out in collaboration with the European Study Group
on Nosocomial Infections (ESGNI), a working group of the European Society of Clinical Microbiology and
Infectious Diseases (ESCMID); the International Society of Chemotherapy for Infection and Cancer (ISC);
the Federation of European Societies for Chemotherapy and Infection (FESCI); and the Asian Association of
UTI/STD (sexually transmitted diseases) in the PEAP study.

The study protocols were prepared by the board of the ESIU and accepted by the EAU and the collaborating
associations. The studies were announced during ESIU and EAU meetings, through European Urology
Today (The newspaper of the EAU), through mass mailings to members of the collaborating organisations
and personal E-mails.

The question of ethical approval was the responsibility of each study centre. Since all patient data were
reported anonymously to the study database, no investigator decided to ask for a formal approval of the
protocol by the regional ethical committees.

The first study (PEP-study) was carried out as a 1-day prevalence study on one of two Wednesdays in
November 2003. The investigators were free to choose the study day that best fitted themselves. The second
study (PEAP-study) was carried out as a 1-day prevalence study on one of three Wednesdays in November
2004. The study organizers wanted the registration to take place in the middle of a regular working week.
Several study days could be chosen because of national variations in terms of scientific meetings and
holidays.

The PEP and PEAP-studies used the definitions of NAUTI worked out by the Centres for Disease Control
and Prevention (CDC) in the USA [9].

2.2. Data assembly and Internet application

Patients with NAUTI were identified by local urologists or microbiologists. Hospital characteristics, risk
factors and use of antibiotics were registered and reported according to two questionnaires; one
characterizing the hospital and another characterizing each patient with NAUTI. Details on risk factors are
elaborated elsewhere [8]. Risk factors such as urinary catheters were only registered if present on study days.



All microbiological cultures were analysed in the local laboratories. Colony counts and standards used for
susceptibility testing are presented in the results section.

The study was carried out electronically by means of Uroweb, the Internet portal of the EAU. The Internet
application and the system for data assembly have been reported previously [7]. The study application has a
predefined workflow. After registration, the respondent fills in the ‘hospital report form’. When this form has
been submitted, the ‘patient reply form’ becomes available. The system allows the investigators to fill in only
a part of the ‘patient report form’, save the patient information, and come back at a later time to complete
their work before submitting the forms. Investigators were also given the opportunity to submit handwritten
report forms, which were later entered into the study database by the study organizers. Handwritten forms
were only submitted by three investigators.

2.3. Evaluation of patients, specimens and countries

On the study day, the urological investigator evaluated all hospitalized patients in the urology department for
NAUTISs, according to the CDC criteria, i.e. infections not present at the time of the patient's admission to
hospital [9]. Patient data were not reported to the study database until all results of culture tests were
available. Deadline for data entry was the last day of the corresponding study year.

Investigators from 216 hospitals registered for the PEP study, Investigators from 93 hospitals completed the
registration form and were included in the study. Investigators from 210 hospitals registered for the PEAP
study. Investigators from 101 hospitals filled in the registration form and were included in the study. Data
from 194 hospitals, 42 of which were included in both studies, were eligible for the final analysis that
comprised of 727 cases of NAUTI. When calculating the antibiotic usage of all hospitalized patients in the
urology departments, each department was only included once. For departments that participated in both the
PEP and PEAP studies, only data from the PEAP study were used. Overall, 4706 patients from a total of
6033 patients hospitalized on the study day in all departments were included in the analyses. This was done
to avoid regimes of departments participating in both studies and thereby weighing more than those
departments participating in one only study. The regional recruitment of investigators is listed in the

Appendix. In order to obtain groups of hospitals suitable for regional comparisons, the countries with the
greatest recruitment, such as Turkey, Hungary, Germany and Russia, were considered as separate units, while
the Asian countries were assembled in one group called ‘Asia’, and the other European countries were
assembled in another group called ‘Europe’.

2.4. Data processing and statistics

Study data were imported from the web-based survey into Microsoft Access. They were reorganized and
imported into SPSS 13.0. The data were then coded and analysed in SPSS 13.0. This article mainly presents
observed frequencies. Where dichotomous data are compared, the odds ratios (OR) and 95% confidence
intervals (CI) have been computed alongside P-values from Chi-square tests and Fischers exact tests. When
comparing other categorical data, the Chi-square test is used. To assess the most important risk factors for
infections with the different pathogens, a logistic regression was used. To compare continuous variables for
different regions and hospital types, ANOVA with Bonferroni as post-hoc test was used.

3. Results

3.1. Pathogens

3.1.1. Types of pathogens and numbers of colony forming units (CFU)/mL in urine

A total of 727 cases with NAUTI were reported, of which 527 (74%) were declared by the investigators to be
microbiologically proven. The diagnosis of microbiologically proven infections in these 527 patients was
based on 495 urine cultures (91%), 38 blood cultures (7%) and 12 cultures from other sources (2%).
However, only in 486 patients were urinary pathogens specified. In 83/486 patients (17%), a second
pathogen was also reported. The amount of bacteriuria (CFU/mL) reported for the first pathogen was 105/mL



for 79% of pathogens, 104/mL for 13%, 103/mL for 6% and 102/mL for 2%, and for the second pathogen,
the amount of bacteriuria was 105/mL for 73%, 104/mL for 17%, 103/mL for 4% and 102/mL for 5% of
pathogens. The most common pathogen was E. coli followed by species of Pseudomonas, Enterococcus,
Klebsiella, Enterobacter and Proteus. Candida sp. and coagulase-negative staphylococci (CNS) were mainly
found in mixed cultures. The relative distribution of the pathogens is shown in Table 1.

Species Germany Hungary Russia Turkey Europe® Asia Total

N(%) N(%) N(%) N(%)  N(%) N(%) N(%)
Escherichia coli ~ 20(27) 49(30) 35(36) 22(49) 25(21)  2435) 175(31)
Pseudomas 5(7) 24(15) 17(17)  5(11) 15(12)  9(13) 75(13)
Enteroccus 8(11) 20(12) 33) 409) 18(15)  6(9) 59(10
Klebsiella 7(10) 10(6) 12(12)  7(16) 12(10)  8(12) 56(10)
Enterobacter 8(11) 12(7) 33) 1(2) 4(3) 5(7) 33(6)
Proteus 3(4) 9/6) 20(20) 1(2) 1(1) 1(1) 35(6)
CNS® 6(8) 13(8) 0(0) 2(4) 54 1(1) 27(5)
Candida 4(5) 6(4) 0(0) 0(0) &7 4(6) 87(15)
Others 12(16) 20(12) 8(8) 3(7) 33(27)  11(16)  87(15)
TOTAL 73(100) 153(100) 98(100) 45(100) 121(100) 69(100) 569(100)
b ONS,conpulae negaive saphylocoec

Table 1. Distribution of microbial species in various regions and countries in 486 patients with nosocomially
acquired urinary tract infection (83 patients had two urinary pathogens)

3.1.2. Pathogens and risk factors

All 727 (100%) patients with the diagnosis of NAUTI were considered for determining the frequency of risk
factors. However, the odds ratios were only calculated from the 486 patients where pathogens were reported.
This was done to counter the fact that a causative pathogen was reported significantly more often in patients
with risk factors than in those without.

The following risk factors were correlated with the presence of specific pathogens: UTI during the previous
12 months; urinary tract obstruction; urinary stones; antibiotic therapy during the previous 3 months;
hospitalization during the previous 6 months; and urinary catheter.

3.1.3. UTI during the previous 12 months

Overall, 312 patients (44%) were reported as having a previous UTI as a risk factor. For patients having had
a UTI during the previous 12 months, there was a significantly increased risk of having a Klebsiella sp. as a
causative pathogen (P = 0.03, OR 1.9; 95% CI 1.1-3.5).

3.1.4. Urinary tract obstruction

A total of 353 patients (49%) were considered as having a significant urinary tract obstruction at any level
according to evaluation by the local urologist. For patients with a significant urinary tract obstruction, there
was a significantly reduced risk of having a Proteus sp. as a causative pathogen (P = 0.01, OR 0.39; 95% CI
0.19-0.82).

3.1.5. Urinary stones

In total, 143 patients (20%) were reported as having a urinary stone as a risk factor for developing NAUTI.



For the group as a whole, there were no significant differences in the occurrence of pathogens. For patients
having stones in the ureter, there was an increased risk of having a Pseudomonas sp. as a causative pathogen
(P=10.02,0R 2.4,95% CI 1.1-5.5).

3.1.6. Antibiotic therapy during the previous 3 months

A total of 307 patients (43%) had received antibiotics for any reason during the previous 3 months. For these
patients, the risk of having a Candida sp. (P = 0.05, OR 2.6; 95% CI 1.0-6.4) or a Klebsiella sp. (P = 0.04,
OR 1.8; 95% CI 1.0-3.3) as causative pathogens was increased, while the risk of having E. coli as a
causative pathogen was reduced (P = 0.05, OR 0.67; 95% CI 0.46-0.98).

3.1.7. Hospitalization during the previous 6 months

Overall, 323 patients (45%) had been hospitalized for any reason during the previous 6 months. For these
patients, there was a significantly increased risk of having a Klebsiella sp. (P = 0.004, OR 2.5; 95% CI 1.4—
4.5) as well as a Pseudomonas sp. (P = 0.02, OR 1.8; 95% CI 1.1-3.0) as causative pathogens, and a reduced
risk of having E. coli as a causative pathogen (P = 0.04, OR 0.66; 95% CI 0.46-0.97).

3.1.8. Urinary catheter

A total of 537 patients (74%) had some kind of urinary catheter on study day. The median duration of
catheter use was 6 days for urethral catheters, 9.5 days for suprapubic catheters, 11 days for ureteral and 13
days for nephrostomy tubes. For patients with urinary catheter of any type, there was a significantly
increased risk of a Pseudomonas sp. as a causative pathogen (P = 0.02, OR 2.7; 95% CI 1.2-6.0). There was
an increased risk of a Proteus sp. as a causative pathogen in patients with suprapubic catheter (P = 0.05, OR
2.4; 95% CI 1.0-5.5), and an increased risk of a Candida sp. as a causative pathogen in patients with ureteral
stent (P = 0.03, OR 3.2; 95% CI 1.2-8.7).

The duration of catheter use was divided into three categories: no catheter use; use <5 days; and use >6 days.
The duration of catheter use resulted in a significant linear increase in the occurrence of Candida sp. (P =
0.05), Enterococcus sp. (P = 0.04) and Proteus sp. (P = 0.02), and a significant linear decrease in the
occurrence of E. coli (P = 0.02) and an Enterobacter sp. (P = 0.02).

3.1.9. Multiple risk factors

In total, 65 patients had none of the risk factors listed above. However, 119 patients had one risk factor, 146
had two, 121 had three, 260 had more than three and 16 patients had missing data. For patients having more
than three risk factors, there was a significantly increased risk of having a Candida sp. as a causative
pathogen (P = 0.02, OR 2.8; 95% CI 1.2-6.8) as well as Klebsiella (P = 0.008, OR 2.2; 95% CI 1.2-3.8) and
a Pseudomonas sp. (P =0.01, OR 2.0; 95% CI 1.2-3.2), when compared to those patients with three or less
risk factors.

3.1.10. Relation to type of urological intervention and contamination status

A surgical intervention was reported to have aetiological importance for the development of NAUTI in 588
patients (81%). The surgical intervention could have taken place at any time during the present hospital stay.
Overall, 27 patients underwent more than one procedure. The most common interventions were endoscopic
procedures (38%) and open surgery (30%). A total of 43% of all procedures were clean, and 28% were
contaminated or infected. More details concerning surgical interventions are presented elsewhere [8]. There
was no significant association between the type of surgery or the contamination status and the distribution of
any bacterial species.

3.1.11. Logistic regression analysis of risk factors and pathogens

A logistic regression analysis was used to assess the most important risk factors for detecting a certain
causative pathogen. The findings for each pathogen were analysed with forward logistical regression. Risk
factors, contamination status of surgical intervention, age and gender were included in the analysis.

The only significant risk factor for detecting E. coli was catheter duration category (no catheter; <5 days; >5
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days) (P =0.17, OR 0.72; 95% CI 0.54—0.94 per level). The occurrence of E. coli as a causative pathogen
decreased with the period of catheterization. The odds of having an infection with E. coli was reduced by
0.72 for each level of increased catheter duration compared to no catheter.

The factors that significantly predicted a Candida sp. were laparoscopic intervention (P = 0.010, OR 9.5;
95% CI 1.7-53.1) and having an increased number of risk factors (P = 0.011, OR 1.5; 95% CI 1.1-2.1 per
risk factor).

The only significant factor predicting an Enterobacter sp. was catheter duration category (P = 0.027, OR
0.58; 95% CI 0.36—0.94 per level). The odds of having an infection with an Enterobacter sp. was reduced by
0.58 for each level of increased catheter duration compared to no catheter.

Endoscopic intervention (P = 0.034, OR 0.51; 95% CI 0.27-0.954) was the only significant factor predicting
an Enterococcus sp. Hospitalization during the last 6 months (P = 0.011, OR 2.2; 95% CI 1.2-4.1) was the
only significant factor predicting a Klebsiella sp.

The factors that significantly predicted a Proteus sp. were hospitalization for any reason within the last 6
months (P =0.012, OR 3.6; 95% CI 1.3-9.8), suprapubic catheter (P = 0.019, OR 2.9; 95% CI 1.2-7.1),
other catheter types, i.e. not urethral, suprapubic, ureteral stent or nephrostomy catheters (P = 0.038, OR 5.9;
95% CI 1.1-31.3), and increasing number of risk factors (P < 0.001, OR 0.52; 95% CI 0.36-0.74).

The factors that significantly predicted a Pseudomonas sp. were catheter of any kind (P = 0.032, OR 4.9;
95% CI 1.1-20.6) and increasing number of risk factors (P = 0.010, OR 1.3; 95% CI 1.1-1.5 per risk factor).

3.1.12. Relation to clinical presentation of the NAUTI

The clinical diagnosis of a urogenital infection was given to 686 of 727 (94%) patients with NAUTI.
Asymptomatic bacteriuria was the most common type of NAUTI, accounting for 29%, followed by cystitis
(26%), pyelonephritis (21%), urosepsis (12%) and others (12%).

A Candida sp. occurred significantly more frequently as a causative agent in patients with urosepsis (13%)
than in those with other types of infections (2—5%) (P = 0.05). The distribution of causative pathogens in
patients with urosepsis was most similar to those causing asymptomatic UTIs. The occurrence of pathogens
for each clinical diagnosis is presented in Table 2.

Type of NAUTI E. coli Pseudo Entero Klebsiel Proteus Enterobac Candida
monas coccus la -ter
N®&) N®) N) NG®o) N() N() N (%)
Asymptomatic (N =157) 56 (36) 26 (17) 22(14) 11(7) 15(10) 6(4) 7(5)
Cystitis (N = 127) 49(39) 15(12) 15(12) 12(9) 8(6) 12 (9) 3(2)
Pyelonephritis (N =97)  35(37) 16(17) 9(9) 17(18) 7(7) 7(7) 303)
Urosepsis (N = 61) 19(31) 14(23) 10(16) 9(15) 2(3) 2(3) 8(13)
Others (N = 39) 12(31) 4(10) 1(3) 5(13) 3(8) 4 (10) 1(3)
Unknown (N =5) 2(40) 0(0) 2(40) 1(20) 0(0) 1(20) 0(0)
Total (N = 486) 173 75(15) 59(12) 55(1) 35(7) 32(18) 22 (5)
(36)
E. coli, Escherichia coli.

Table 2. Distribution of the most common microbial species related to the clinical diagnosis of nosocomially
acquired urinary tract infection (NAUTI) in 486 patients (83 patients had two urinary pathogens)



3.1.13. Comparison between regions and countries

When all types of infections were considered together, the distribution of E. coli varied from 21% in Europe
to 49% in Turkey, but the differences were not significant. The most significant difference in regional
distribution was seen for Proteus sp., which was reported in 20% of cases in Russia and in only 1-6% of
cases in the other regions studied (P < 0.001). Enterococcus sp. was the causative agent in 3% of cases in
Russia and varied from 9% to 15% in the other regions (P = 0.032). Candida sp. was seen in 7% of cases in
‘other European countries’, but was not seen at all in Russia or Turkey (P = 0.009). The relative occurrence
of the most important pathogens is shown in Table 1. When the different regions were added to the list of risk
factors in the logistical regression analysis, a significant effect of the regions was observed on the occurrence
of Enteroccous sp. and Proteus sp. There was a significant difference between regions in the reported
frequency of a second pathogen, varying from 24% in Europe, 22% in Germany, to 10% in Turkey.

The proportion of microbiologically proven infections, based on a first pathogen count of 105/mL, varied
from 70% in Russia to 83% in Hungary. For a pathogen count of 104/mL this proportion varied from 10% in
Hungary to 20% in Turkey. A pathogen count of 103/mL was reported in 11% of cases from Russia, 8% in
Turkey and 7% in Asia. In Europe, 5% of cases had a pathogen count of 102/mL. A pathogen count of <103/
mL was rarely (<5% of the cases) used in the other regions. No significant statistical differences were found
between regions in the use of pathogen counts.

3.2.Susceptibility

Information about the standard used for susceptibility testing was provided for 451 of the 486 cases with
reported susceptibility results. The National Committee for Clinical Laboratory Standards (NCCLS) was
used in 69% of cases, the Deutsches Institut fiir Normung (DIN) standard in 25% and ‘other standards’ in 6%
of cases. DIN was most frequently used in Germany (69%) but was not used in Russia. NCCLS was most
frequently used in Russia (99%) and Turkey (92%) and least frequently in Germany (18%). ‘Other standards’
were described as ‘quantified’, ‘automated’ or ‘bioassay’.

The susceptibility rates of all bacterial pathogens (Candida sp. and other fungi were excluded) to the most
commonly used antimicrobials are shown in Table 3. These rates varied from 79% in Turkey (resistance to
co-trimoxazole) to 17% in Germany (resistance to ampicillin/amoxicillin + B-lactamase inhibitor). In
general, there were higher resistance rates in Europe, Asia and Turkey than in either Germany, Hungary or
Russia. This was particularly the case for ampicillin/amoxicillin and co-trimoxazole.

Country/region N Escherichia coli N Total bacterial spectrum

S%) 1(%) R (%) S (%) I (%) R (%)
A. Ampicillin/amoxicillin + B-lactamase inhibitor
Germany 11 6(55) 5@5 0(0) 35 21 (60) 8(23) 6(17)
Hungary 35 24(69) 2(6) 9(26) 97 59(61) 4@4) 34 (35)
Russia 35 16(46) 13(37) 6(17) 77 30(39) 28(36) 19(25)
Turkey 11 208 109 8(73) 25 4 (16) 3(12) 18 (72)
Europe® 11 873 109 2(18) 44 19(43) 2(5 23 (52)
Asia 23 11(48) 3(13) 9@39) 49 17(35) 6(12) 26 (53)
Total 126 67 (53) 25(20) 34(27) 327 150 (46) 51(16) 126 (39)

B. Susceptibility to cefuroxime (or second generation cephalosporins)

Germany 17 16(94) 0(0) 1(6) 47 33(70) 2(4) 12 (26)
Hungary 37 31(84) 2(5) 4(l) 98  59(60) 3(3) 36 (37)
Russia 29 14(48) 9(31) 6(21) 59 24(41) 21(36) 14(24)

Turkey 17 8(47) 0(0) 9(53) 25 936  1(4) 15 (60)




Europe® 19 14(74) 2(11) 3(16) 45 2249) S5(11) 18 (40)
Asia 11 4(36) 436) 3(27) 28 725  7(25)  14(50)
Total 130 87(67) 17(13) 26(20) 302 154(51) 39(13) 109 (36)

C. Susceptibility to cefotaxime/cetriaxone (or third generation cephalosporins)

Germany 10 10 0(0) 0(0) 36 28(78) 1(3) 7(19)
(100)
Hungary 33 29(88) 2(6) 2(6) 86 54(63) 6(7) 26 (30)
Russia 33 26(79) 5(15) 2(6) 76 46(61) 10(13)  20(26)
Turkey 13 6@6) 0(0) 7(54) 29 9@31)  0(0) 20 (69)
Europe® 14 1179 1(7) 214 48 22(46) 3(6) 23 (48)
Asia 18 11(61) 2(11) 5(28) 46 24(52) 6(13)  16(35)
Total 121 93(77) 10(8) 18(15) 321 183(57) 26(8)  112(35)

D. Susceptibility to ciprofloxacin

Germany 14 12(86) 0(0) 2(14) 50  34(68) 2(4) 14 (28)
Hungary 42 29(69) 2(5) 11(26) 120 78(65) 6(5) 36 (30)
Russia 34 24(71) 6(18) 4(12) 93 40(43) 18(19) 35(3%)
Turkey 16 2(13) 1(6) 13(81) 35 8(23)  2(6) 25 (71)
Europe® 20 14(70) 0(0) 6 (30) 70 32(46) 4(6) 34 (49)
Asia 21 6(29) 3(14) 12(57) 49  1224) 7(14)  30(61)
Total 147 87(59) 12(8) 48(33) 417 204(49) 39(9) 174 (42)

E. Susceptibility to co-trimoxazole

Germany 19 13(68) 2(11) 4(21) 58 42(72)  3(5) 13 (22)
Hungary 35 28(80) 1(3) 6(17) 82  48(59) 3(4) 31 (38)
Russia 29 8(28) 13 (45) 8(28) 55 11(20) 22(40) 22 (40)
Turkey 13 3(@23) 0(0) 10(77) 29 4(14)  2(D) 23 (79)
Europe® 20 10(50) 1(5) 9(45) 77 27(35) 5(6) 45 (58)
Asia 16 2(13) 0(0) 14(88) 39 923 2(5 28 (72)
Total 132 64 (48) 17(13) 51(39) 340 141 (41) 37(11) 162 (48)

A.Other European countries; N, total number of strains, S, susceptible; I, intermediate, R, resistant.

Table 3. Susceptibility of Escherichia coli and of the total bacterial spectrum to the most commonly used
antibiotics

For the most commonly used antimicrobials, Russia and Asia had a significantly higher proportion of
reported intermediate resistance than the other regions/countries, indicating a difference in practice among
microbiological laboratories.

The most favourable sensitivity for all bacterial pathogens when taken together was for imipenem, with rates
of 98% in Russia, 92% in Turkey, 91% in Hungary, 89% in Germany, 84% in Asia and 83% in Europe.



3.2.1. Individual pathogens

The susceptibility of E. coli, Klebsiella sp. and Proteus sp. to the most commonly used antimicrobials
showed resistance rates below 45% for most antibiotics. However, Enterococcus sp. and Pseudomonas sp.
had resistance rates that were greater than 70% to most antibiotics, with the exception of Enterococcus sp.,
which had a resistance rate of 25% to ampicillin/amoxicillin. The number of cultures that were tested for
susceptibility to a specific antibiotic varied from 147 (for E. coli susceptibility to ampicillin) to 14 (for
Enterococcus sp. susceptibility to ampicillin + B-lactamase inhibitor) cultures. The average number of
cultures tested was 49.

Detailed information on the susceptibility of E. coli and the other pathogens was obtained from 121 to 147
and 14-51 cultures, respectively, from the different regions. Thus, only data for E. coli allowed for a
stratification of susceptibility between regions. However, for individual countries, the numbers of samples
were still rather small, i.e. the number of samples tested for co-trimoxazol was only 13 in Turkey.
Nevertheless, the differences between countries and regions were highly significant (P < 0.001). For most
antibiotics tested, there seems to be an increasing resistance as one moves from west to east in the
regions/countries studied, as illustrated by the lowest (6%) resistance to cefuroxime in Germany and the
highest (88%) resistance to co-trimoxazol in Asia for E. coli. Turkey and Asia had the highest resistance rates
to all of the most commonly used antimicrobials. The regional susceptibility for E. coli and for the total
bacterial spectrum is shown in Table 3.

3.3. Use of antibiotics

3.3.1. Patients receiving antibiotics on study day

Of the 4706 hospitalized patients on study day, 2617 were receiving antibiotics (56%). There were no
significant differences between the hospitals in terms of the percentage of patients receiving antibiotics on
study day. The percentage of patients receiving antibiotics in Turkey was 70%, followed by 66% in Asia,
59% in Russia, 55% in the rest of Europe, 49% in Hungary and 47% in Germany. The use of antibiotics in
Turkey was statistically different from that of Hungary and Germany (P < 0.001).

Of the 2617 patients receiving antibiotics on study day, 26% of the antibiotic use was for a microbiologically
proven UTI, 21% for a clinically suspected, but not microbiologically proven UTI, 7% for other infections,
and 46% for prophylaxis. Comparison between regions and countries showed significant differences, with
53% of patients in Russia receiving antibiotics for a suspected UTI, compared to 13% in Germany and 11%
in Turkey. While 59% of Asian patients and 58% of Turkish patients received antibiotics for prophylaxis,
only 19% of Russian patients received antibiotics for this reason. Details are shown in Table 4.

Indication Region (N)
Germany Hungary Russia  Turkey Europ K Asia Total
(496) (354) (276) (301) (1044) (146) (2617)
Proven UTI 27 32 26 26 26 17 26
Suspected UTI 13 25 53 11 18 17 21
Other infections 9 3 2 6 8 7 7
Prophylaxis 51 39 19 58 48 59 48
Total 100 100 100 100 100 100 100
a. Other European countries; UTI, urinary tract infection

Table 4. Indications for use of antibiotics on study day in percent of all hospitalized patients receiving
antibiotics per region

When antibiotic use was evaluated by considering the regimen of each department, and by doing the



calculation based on the percent of patients given each regimen, Turkish urology departments used
antibiotics for prophylaxis significantly more often than urologists in the other regions except Asia (P < 0.05,
ANOVA with Bonferoni as post-hoc test). Russia used antibiotics for suspected UTI significantly more often
than all other regions and countries (P < 0.03, ANOVA with Bonferoni as post-hoc test).

In total, 367 of 673 (55%) patients were receiving antimicrobials at a time when a culture was also taken.
There were significant differences between the regions in the frequency of antibiotic use when cultures were
taken, ranging form 64% in Asia, 57% in Russia and Hungary, 55% in Turkey, 54% in the rest of Europe to
37% in Germany (P = 0.01). 282/367 (77%) cultures were positive with one or two pathogens specified. In
total 250 cases of susceptibility testing on the pathogens found in the 367 patients were done on the same
antimicrobials given at the time of culture. 103 (41%) were sensitive for the antimicrobials, 29 (12%) were
intermediate and 118 (47%) were resistant.

3.3.2. Antibiotics given for treatment of the current episode of NAUTI

Antibiotics given for the treatment of the current episode of NAUTI were reported for 681 of the 727 (94%)
patients with NAUTI. For these 681 patients, the most commonly used antibiotics were fluoroquinolones in
35% of cases, followed by cephalosporins, which were administered in 27% of the cases. First generation
cephalosporins were only used in 4% of cases while second and third generation cephalosporins were used in
12% and 14% of the cases, respectively. Sixteen percent of the patients received penicillins, of which
aminopenicillins with B-lactamase inhibitor were the most commonly used. Aminoglycosides were used in
15% of patients and co-trimoxazol in 8%. Trimethoprim alone was given in less than 1% of cases. Other
antibiotics given were imipenem (6%), vancomycin (2%), antifungal drugs (2%) and tetracyclins (2%).

Combinations of antibiotics were most frequently used in Russia, where fluoroquinolones were given to 42%
of patients. Aminoglycosides were also most frequently used in Russia (26%), while cephalosporins were
mostly used in Asia (53%). Only 5% of German patients received aminoglycosides for treatment.
Differences between countries were highly significant. Details of antibiotic usage are shown in Table 5.

Region (N)

Germany Hungary Russia  Turkey FEuropea Asia(87)  Total (681)

(81) (200) (123) (78) (112)
Penicillins 22 15 22 5 23 9 16
Cephalosporins 20 20 36 32 12 53 27
Aminoglycosides 5 12 26 12 13 17 15
Fluoroquinolones 33 40 42 32 29 29 35
Co-trimoxazole 17 12 2 6 10 3 9

/Trimethoprim

a Other European countries.

* Based on the 681 patients where antibiotics given were reported. Numbers indicate percent of all patients in each
country/region. Some patients received more than one antibiotic.

Table 5. Use (%) of the most common antibiotics for treatment of the current episode of nosocomially
acquired urinary tract infection (NAUTI)*

Of all the patients known to have an Enterococcus sp. as a causative agent, 31% received a penicillin
derivative as treatment for the current episode, and 28% of those with a Pseudomonas sp. received one of the
fluoroquinolones.

The route of antibiotic administration was reported for 660 of the 681 patients with reported antibiotic use
for the current NAUTI. A total of 53% of all treatments were administered orally, 38% parenterally, and 9%
by both routes. There were highly significant differences (P < 0.001) between regions. Details of
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administration of antibiotics are given in Table 6.

Region (V)
Germany Hungary  Russia Turkey Europe* Asia (82)  Total (660)
(79) (196) (118) (76) (109)
Oral 77 73 26 41 52 35 53
Parenteral 15 22 57 57 41 48 38
Both 8 5 17 3 6 17 9
Total 100 100 100 100 100 100 100
a Other European countries.

Table 6. Routes of administration of antibiotic treatment for current nosocomially acquired urinary tract
infection (NAUTI) per region or country for all 660 patients with reported administration

4. Discussion

4.1. Methods

There are several weak points in the methodology of this kind of Internet-based study, as has been discussed
elsewhere [8]. There was no central laboratory for culturing pathogens. We also did not register in detail the
number of antibiotic courses and the specific agents administered during the previous time period that would
have enabled a more thorough evaluation of antibiotic usage on the rates of resistance between regions. The
two groups ‘Europe’ and ‘Asia’ that were established for comparison are very heterogeneous. Additionally,
local hospitals also had the sole responsibility for the data reported in other studies on NAUTI [4], [5], [10],
[11]. All investigators in our studies used the same definition of NAUTI according to CDC criteria, and most
microbiological laboratories used accepted standards for susceptibility testing. We therefore believe that our
data from 486 patients, from whom pathogens were reported, give a reliable overview of pathogens,
susceptibility and use of antibiotics in nosocomial infections in urology departments in the study areas. To
our knowledge, these studies are the first to be carried out on an intercontinental basis in a single medical
speciality. However, the results presented here should not be interpreted as representative for the
participating countries. In Hungary, Turkey, Germany and Russia, significantly more centres took part in the
studies than in other countries. The infection control is usually better in hospitals where doctors are aware of
the prevalence and resistance rates, so the situation might well be worse in countries with a poor
participation in the PEP and PEAP-studies.

The questionnaires used in the studies asked about ‘first” and ‘second’ pathogen identified by culture. In the
clinical situation, the results of culture are usually not known when treatment is started. Our presentation of
susceptibility data for first and second pathogens is an attempt to mimic the clinical situation. We believe this
information has clinical as well as didactic importance.

4.2. Most important findings

Our most important findings are the regional differences in the distribution of pathogens and the
susceptibility patterns, and the differences in the use of antibiotics for prophylaxis and treatment. The high
proportion of Enterococcus sp., Pseudomonas sp. and Candida sp. as causative agents in asymptomatic
bacteriuria and urosepsis is remarkable. The occurrence of these pathogens is highest in Europe, while the
resistance figures for most pathogens are highest in the eastern regions. A similar distribution of pathogens
was found in the ESGNI-04-study, which compared the situation in the European Union including Eastern
Europe [10].



The pathogens causing NAUTI may come from the patients themselves, from the hospital personnel or
neighbouring patients [6]. Significant regional differences have been reported for the susceptibility pattern in
community-acquired UTIs [1]. This may be explained by differences in national antibiotic policy. In some
countries, antimicrobials are advertised among the public and freely sold over the counter in pharmacies,
often upon the recommendation by poorly educated people. There is no doubt that there is overlap between
populations of pathogens causing community acquired and hospital acquired infections. Our study provides
data about the use of antimicrobials inside urological departments that, to some extent, may explain
differences in resistance rates. Enterococcus sp. and Pseudomonas sp. both have less favourable resistance
figures than more conventional pathogens. Most of these pathogens are probably hospital strains developed
as opportunists under considerable antibiotic pressure over a longer period of time [12], [13] The increased
frequency of these pathogens is a cause of concern and should be monitored on a regular basis.

4.3. Perspectives

Candidal infections are well known in critically ill patients in intensive care units, but have been not
previously reported with such a high frequency in urology departments [3]. We believe that one important
reason is that major urological surgery is being undertaken with increasing frequency in older patients, many
of whom require a longer stay in the intensive care or observation unit. This is supported by the fact that the
risk of Candida sp. increased with the number of risk factors and that Candida sp. was most frequently
reported as a causative pathogen in urosepsis compared with the other types of NAUTI. In the ESGNI-study,
Candida sp. was the causative pathogen in 16.4% of patients with a urinary catheter [10]. Usually, the
diagnosis and susceptibility testing of Candidal infections need more time, the administration of
antimicrobials is more difficult, and the treatment has more side effects. The high frequency of Candidal
infections is also a cause of concern. With Candiduria it is sometimes difficult to differentiate between
infection (treatment) and colonization (no treatment).

The resistance rates to the most commonly used antimicrobials observed in our study are strong arguments
for a critical antimicrobial policy as long as there are a limited number of upcoming new antibiotics. Key
questions are: What should be copied from the countries with the best rates?; and What should be omitted in
countries with unwanted distribution patterns and resistance rates? It is not possible to administer all
antibiotics based on culture results. In many cases empiric therapy has to be initiated and then adjusted when
microbilogical results become available, which again is only possible if a culture was taken before. From the
results obtained from patients reveiving antimicrobials whan a culture was taken it can be seen, that in about
half of the cases adjustment would have been necessary; in other words, empiric therapy was only “correct”
in about half of the patients. Therefore, it is necessary to base both prophylaxis and treatment on a
continuous surveillance of pathogens causing NAUTI in each urology department. This means that one
would be able to foresee with greater likelihood which pathogen is the ‘leading pathogen’. In many
departments this would require a significant increase in the number of cultures taken. There was a wide
range between 5.8 cultures per patient admission and 7 cultures per 1000 patient admissions [8]. A close
collaboration between urologists and microbiologists is decisive for good infection control. Facilities for
preliminary culture of pathogens inside the urological ward may provide valuable information on a short
notice [14].

Almost all cases of NAUTI were considered clinically significant and treated with antibiotics. When
antibiotics are administered for treatment there seems to be a good balance between the choice of
antimicrobials and the susceptibility patterns of the most common pathogens in most regions. The high use
of fluoroquinolones is balanced by a low resistance rate in most regions. However, in Turkey, 29.8% of
patients are treated with fluoroquinolones while the reported resistance rate of E. coli to this antibiotic was
above 80%. Furthermore, in Hungary, Russia and Turkey, the profile of antibiotic use for treatment is quite
similar to the profile used for prophylaxis. German urologists give fluoroquinolones to treat a large
percentage of patients, but less often (9%) for prophylaxis. Germany has the lowest resistance rates of E. coli
to fluoroquinolones of all regions. The German practice is in accordance with the recommendations on
prophylaxis given in the EAU-guidelines [13]. Protocols on antimicrobial prophylaxis should be based on a
regular monitoring of resistance in every hospital.

Because of a possible spread of resistant community-acquired strains to hospitals, urologists should also be
concerned with national treatment recommendations for community-acquired UTIs.

The regional differences found in our study should precipitate a new discussion about classification,



reporting of culture results and the use of antimicrobials for prophylaxis and treatment of nosocomial UTIs.

5. Conclusions

In conclusion, 727 cases of NAUTI were reported, of which 527 (72%) were microbiologically proven, and
for 486 patients, the pathogens were specified. In 83 of 486 patients (17%), a second pathogen was also
reported. The most common pathogen was E. coli (31%) followed by species of Pseudomonas 13%,
Enterococcus 10%, Klebsiella 10%, Enterobacter 6%, and Proteus (6%). Candida (9.4%) and Pseudomonas
sp. (23%) occurred significantly more frequently as causative agents in urosepsis (9.4%) than in the other
types of infections.

The resistance of the bacterial pathogens to the most commonly used antimicrobials varied from 75% to
ampicillin/amoxicillin + B-lactamase inhibitor in Turkey, to 16% resistance to cefotaxime in Germany. In
general, there were higher resistance rates in Europe, Asia and Turkey than in Germany, Hungary and Russia.

The resistance of E. coli, Klebsiella sp. and Proteus sp. to the most commonly used antimicrobials was
below 45% for most antibiotics. Enterococcus sp. and Pseudomonas sp., however, had resistance rates to
most antibiotics above 70%, with the exception of 25% resistance of Enterococcus sp. to ampicillins.

Only data for E. coli allowed for a stratification of susceptibility between regions. For most antibiotics tested
there seemed to be increasing resistance as one moves from west to east, as illustrated by the lowest
resistance to cefuroxime in Germany (6%) and the highest resistance to co-trimoxazole (88%) in Asia.
Turkey and Asia had the highest resistance to all of the most commonly used antimicrobials.

In 681 patients, the use of antibiotics for the treatment of the current episode of NAUTI, based on culture
results, was reported. The most commonly used antibiotics for this treatment were fluoroquinolones in 35%
of cases, cephalosporins in 27%, penicillins in 16%, aminoglycosides in 15% and co-trimoxazol in 9%.
Other antibiotics given were imipenem 6%, vancomycin 2%, antifungal drugs in 2% and tetracyclins in 2%
of cases.

Combinations of antibiotics were most frequently used in Russia, where fluoroquinolones were given to 42%
of patients. Aminoglycosides were also most frequently used in Russia (26%), while cephalosporins were
mostly used in Asia (53%). Only 5% of German patients received aminoglycosides for treatment.
Differences between countries were highly significant. Overall, the study demonstrates an urgent need for
continuous surveillance of NAUTI and improvement of antibiotic policy to counteract the widespread
increase of antimicrobial resistance.
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