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ABSTRACT

Introduction: Hospital-acquired Urinary tract infections make 35% of all the hospital-acquired infections, and about 80% of them are related to
the catheterization of the urinary bladder. Purpose: To determine clinical characteristics and dominant etiologic factors of Urinary Tract Infections
associated with urinary catheter (C-UTls). Methods: Determined clinical characteristics of C-UTls were prospectively analyzed on 38 hospitalized
patients in the Clinic for Infectious Diseases at the University Clinical Centre Tuzla, from January 1t 2011 to December 31t 2011. The control group
constituted of 200 patients with community-acquired Urinary Tract Infections (Co-UTIs) hospitalized in the same period. Results: It was registered
on 22 (57.89%) of symptomatic infections, 14 (36.84%) asymptomatic bacteriuria and 2 (5.26%) other C-UTIls. Dominant etiologic factors were:
E. coli, caused 14 (36.84%), Extended-Spectrum Beta-lactamase producing (ESBL) Klebsiella pneumoniae 7 (18.42%), Enterococcus faecium and
Candida spp. 3 (7.89%) of C-UTlIs. E. coli was significantly most common etiologic factor of C-UTls in younger women (p=0.04). E. coli from C-UTIS
showed significantly higher resistance to antimicrobial drugs. Inadequate antimicrobial therapy was significantly more common prescribed to
patients from C-UTIs. Lethal outcome was significantly most common associated with certain clinical and laboratory findings. Conclusion: Initial

antimicrobial therapy of those serious infections should be based on data from those research.
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1. INTRODUCTION

Hospital-acquired Urinary Tract Infections (H U'TI) pres-
ent the UTI-s acquired in the hospital environment at least
forty eight hours after the patient admission. It usually appears
as a consequence of the invasive diagnostic and therapeutic
treatments of the urinary tract (1). Those infections make 35%
of all the hospital-acquired infections, and about 80% of them
are associated to the catheterization of the urinary bladder,
which is why they are also often named as a catheter-associated
UTI (C-UTIS).

Urinary tract catheterization increases the risk of bacteri-
uria, because of the bacteria’s tendency to adhere to artificial
materials. Intraluminal infection direction is found in 23% of
the C-UTT, as a consequence of the reflux of a numerous bac-
teria from the drainage bag. Extra luminal infection direction
usually appears during the catheter placement, when bacteria
from the periurethal area, or from the staff hands, impresses
into the urinary bladder (3), or it can appear later when the
bacteria migrates within the space between the catheter and
urethral mucosa, which has been found in 35% of the patients
(4). Prevalence of the infection increases with the catheteriza-
tion period, if the catheterization period is short, it appears with
10-50% of the patients, and when the catheterization period is
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longer it appears with practically all the patients (5).

Only eight hours after the catheterization process, the inner
and outer catheter surfaces contain a biofilm with bacterial
cells, their polysaccharide glycocalyx, Tamm-Horfsfall pro-
teins, struvite and apatite crystals and fibrin exudates of the
damaged cells. Bacterias most frequently isolated within the
biofilm are: Staphylococcus epidermidis, Enterococcus faccalis,
E. coli, Proteus mirabilis, Pseudomonas aeruginosa and fungi
(6). Uropathogenic E. coli which belongs to the fimbriac Type
3, is more frequently present in the biofilm (7). Bacteria in the
biofilm change their phenotype, their cell involucre structure
is different from other bacteria, their procreation is slower, an-
timicrobial therapy cannot effect them and the patient cannot
defend from them (8).

Antimicrobial resistance of the etiologic factors related to
this infection, continuously increases, and it is different in some
parts of the world, in some parts of one country, even in dif-
ferent sections of one hospital. However, those general recom-
mendations for a their treatment should be in accordance with
the local situation (9). Taking into account all the information
previously mentioned the aim of those study was to analyze clini-
cal characteristics and dominant etiologic factors of C-UTIs in
the Clinic for Infectious Diseases Tuzla.
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2. PATIENTS AND METHODS

The research was conducted as a prospective study, which in-
cluded 38 medically treated patients in the Clinic for Infectious
Diseases Tuzla, in the period between 1st July 2010 and 31st
December 2010. All the patients acquired the UTT during the
hospitalization, and the infection was associated to the urinary
catheter placement. Control group consisted 200 patients who
acquired the UTTs outside the hospital (community-acquired
UTTIs, Co-UTIs) and were medically treated in the Clinic for
Infectious Diseases Tuzla in the same period. The urine for
microbiological examination was taken from the urine cath-
eter using the classical procedure, following all the sepsis and
antisepsis principles. Identification of the etiological factors for
UTI was completed using standard microbiological methods.

Antibiogram was conducted using the classical disc-diffusion
method on the Muller- Hinton agar for the following antimi-
crobial drug: penicillin, ampicillin, amoxicilline, co-amoxiclav,
piperacillin, ciprofloxacin, norfloxacin, imipenem, meropenem,
vankomycin, cephuroxime, cephotaxime, cephtriaxone, ceftazi-
dime, cefepime, erythromycin, doxycycline, gentamicin, ami-
kacin, co-trimoxazole and nitrofurantoin. This antimicrobial
resistance analysis included resistant or sensitive isolates only,
while those intermediary ones were excluded from the analysis.
Assessment of the antimicrobial resistance was determined by
the ratio of the resistant and tested number of isolates.

Biochemical analysis of blood and urine was conducted by
using standard biochemical methods. UTTs diagnosis was set
according to the medical history of the patients, taken from
them personally, taken after the physical examination, biochemi-
cal and microbiological urine and blood test, echosonographic
test of the urinary system, and other necessary radiologic and
endoscopic examinations. Prevalence analysis of the C-UTI's
etiological factors and their antimicrobial resistance, was com-
pleted according to the sex and age of the patients, since all
these demographic characteristics affect them. The patients
were divided into two groups according to their age: younger age
group (to 65 years old) and older age group (over 65 years old).

Statistical methods

T-test of proportions difference was used for examining
the statistical significance of the
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Etiologic factors CUTls
N %

Escherichia coli 7 18.42
Enterococcus faecium 3 7.89
Klebsiella pneumoniae ESBL-producing 4 10.53
Candida species 3 7.89
Pseudomonas aeruginosa 1 2.63
E. coli + Enterococcus faecium 2 5.26
E. coli + Klebsiella pneumoniae ESBL-producing 3 7.89
E. coli + Candida species 2 5.26
No isolates 13 34.21
Total 38 100

Table 1. Etiologic factors of catheter-associated Urinary Tract
Infections
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Figure 1. Category of catheter-associated Urinary Tract Infections

atic bacteriuria was registered in 14 patients (36.84%), while 2
patients (5.26) were registered for other infections (Figure 1).

Dominant etiologic factors were set in the following order:
E. coli caused 14 (36.84) infections, Extended-Spectrum Beta-
lactamases-producing (ESBL) Klebsiella pneumoniae caused 7
(18.42%) infections, Enterococcus faecium and Candida spp.
caused S (13.15%) C-ITUs (Table 1).

Statistically significant difference in the frequency of domi-

samples’ proportions difference, Klebsiella _ E. coli +
. .~ . . Enterococcus  Candida
while the nonparametric X? test E. coli pneumoniae : Kl pneum.  Other
. . Sex  Age UK ESBL faecium spp. £spL

was used for testing the impor-
tance of distribution differences N % N % N % N % N % N %
in some Samples. Connection <65 10 4 40.0 0 0.0 2 20.0 0 0.0 0 0.0 4 40.0
between the data was established é <65 16 1 63 2 125 1 63 2 125 1 63 9 563
according to the calculation of & UK 26 5 192 2 77 3 115 2 77 1 38 13 500
the correlation coefficient and <65 5 2 400 1 200 0 00 0 00 1 20 1 200
the corresponding significances, 4 <65 7 0 00 1 143 0 00 1 143 1 143 4 571
using the Pearson’s correlation. £ UK 12 2 167 2 167 0 00 1 83 2 167 5 417
The hypotheses testing reached <65 15 6 400 1 67 2 133 0 00 1 67 5 333
the presumedsignificancelevelof  _ <g5 23 1 43 3 130 1 43 3 130 2 87 13 565
5% (p=0.05) inall calculations. = 'y 33 7 184 4 105 3 79 3 79 3 79 18 474
3. RESULTS § F<65 F<65 0.044139  0.255990 0.296305 0.255990  0.428030 0.428030

’ .. . 8 M<65 M<65 0.096695  0.244765 - 0.398103  0.798743 0.227198

Symptomatic infections were £

the most frequently registered S F M 0.850743  0.407604 0.228125 0.946070  0.181559 0.635378
with the patients who have the <65 65 0008784 0535207 0322063 0153655 0.821926  0.170271

C-UTlIs, it was registered with Table 2. Age and sex distribution of dominant etiologic factors of catheter-associated Urinary

22 patients (57.89%). Asymptom- Tract Infections

Mater Sociomed. 2013 Sep; 25(3): 182-186 * ORIGINAL PAPER

183



Chateter-associated Urinary Tract Infections in Adults

grnut;rzlcroblal E. coli KI. pneumonae ESBL  Enterococcus faecium
N % N % N %
Penicillin - - - - 5 100.0
Ampicillin 14 100.0 - - 5 100.0
Amoxicillin -+~ 13 9229 7 1000 - -
Co-amoxiclav 12 857 7 100.0 5 100.0
Norfloxacin 3 214 7 100.0 5 100.0
Ciprofloxacin =~ 2 143 7 1000 5 100.0
Imipenem - - 0 0.0
Meropenem - - 0 0.0 -
Teicoplanin - - - - 0 0.0
Vancomycin =~ - - - - 0 0.0
Linezolid - - - 0 0.0
Cefuroxime 4 286 7 100.0 - -
Cephotaxime 3 214 7 100.0 - -
Cephtriaxone 3 214 7 100.0 - -
Ceftazidime 1 7.2 7 100.0 - -
Cefepime 0 0.0 3 100.0 - -
Erythromycin - - - - 5 100.0
Gentamicin =~ 3 214 - - 4 80.0
Amikacin 0 0.0 0 0.0 - -
tfi(r)noxazole 13 29 - ) )
Nitrofurantoin 1 7.2 ) ) )
Lf)slta‘igs 14 1000 7 1000 5 100.0

Table 3. Antimicrobial resistance of dominant etiologic factors of
catheter-associated Urinary Tract Infections.

E;ﬂe”d"a - UTls ¢ UTs mirretg;‘ze
anut;rgmrobml N % N 5 D
Ampicillin 96 750 14 100.0 0.035292
Amoxicillin 70 547 13 929  0.006718
Co-amoxiclav 17 13.3 12 857 0.000000
Cephuroxime 8 6.3 4 28.6 0.005020
Cefixime 12 9.4 4 28.6 0.233192
Cephotaxime 9 7.0 3 21.4 0.068065
Cephtriaxone 6 47 3 21.4 0.015899
Ceftazidime 6 4.7 1 7.2 0.687626
Cefepime 0 0.0 0 0.0 -
Ciprofloxacin 11 8.6 2 143 0.484375
Norfloxacin 13 102 3 214 0.207462
Gentamycin 8 6.3 3 214 0.045604
Amikacin 0 0.0 0 0.0 -
Co-trimoxazole 64 50.0 13 929  0.002688
Nitrofurantoin 6 4.7 1 7.2 0.687626
Isolates number 128 100 14 100

Table 4. Antimicrobial resistance of E. coli in community-
acquired and catheter-associated Urinary Tract Infections

nant etiologic factors according to sex was not registered. En-
terococcus faccium was not registered as an etiologic factor of
C-UTT in male. It has been established that, according to the
age, E. coli was significantly more often as an etiologic factor
in younger female (p=0.44139), as well as the total number of
younger patients (p=0.008784). A significant difference in the
frequency of other dominant etiologic factors related to sexand
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Difference
Importance

N % N % p

Co-UTls C-UTls

Antimicrobial therapy

Adequate antimicrobial g0 1900 5 1579 0,000196
monotherapy

Adequate combined 40 2000 3 789 0076701
antimicrobial therapy

Inadequate antimicrobial 33 1650 19 50.00 0.000007
therapy

Inadequate combined 29 1450 10 2632 0.072531

antimicrobial therapy

Total 200 100 38 100

Table 5. Adequacy of subscribed antimicrobial therapy of
community-acquired and catheter-associated Urinary Tract
Infections

age of the patient has not been registered (p>0.05), (Table 2).

E. coli was not resistant to amikacin and cefepime (resistance
0%), its resistance to ceftazidime and nitrofurantoin was 7.2%,
ciprofloxacin 14.3%, while the resistance to other antimicrobial
drugs amounts 21.4-100%. ESBL Klebsiclla pneumoniae was
resistant to all the antimicrobial drugs except to imipenem, me-
ropenem and amikacin (resistance 0%). Enterococcus faecium
was not resistant to teikoplanin, vankomycin, and linezolid
(resistance 0%), however it was 100% resistant to other antimi-
crobial drugs. When it comes to Candidaalbicans, antibiogram
for it has not yet been conducted (Table 3).

E. coli from the C-UTIs showed a significantly higher
antimicrobial resistance to ampicillin, amoxicilline, co amoxi-
clav, cefuroxime, ceftriaxone, gentamicin and co trimoksazole
(p<0.05), comparing to the E. coli from Co-UTis (Table 4).

The adequate antimicrobial monotherapy and adequate
combined antimicrobial therapy was applied significantly more
common in the Co-UTTIs, while the inadequate antimicrobial
monotherapy and inadequate combined antimicrobial ther-
apy were applied significantly more common in the C-UTIs,
p<0.05,(Table 5).

It has been established that certain clinic-laboratory param-
eters of the patient with C- UTTs correlate the lethal outcome.
Risk factors such as diabetes, mellitus and other metabolic
diseases (r=0.8287) as well as functional abnormalities of the
urinary system (r=0.6642) considerably (p=0.000) correlate
with the lethal outcome. According to the laboratory tests, it has
been established that hypoproteinemia (r=0.7916), increased
values of Lactat-dehidrogenase (r=0.7246), increased values
of C-reactive protein (r=0.6299) and creatinine (r=0.5768)
are in a significant correlation with the lethal outcome. When
it comes to etiologic factors of the C-UTIs, Candida spp.
significantly correlates with the lethal outcome (r=-0.4899;
p=0.002), (Table 6.).
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Risk factors, laboratory Alive Deceased Total Eger:‘?ilggstn iams:; nnccee
findings and etiologic factors ~ (28) (10) (38) P P
No risk factors 2 0 2 0.1409 0.399
Opstructive diseases 3 6 9 -0.5105 0.001
Catheters and other foreign ) 10 30 -0.3086 0.059
figures

Diabetes and other metabolic 3 10 13 0.8287 0.000
diseases

Functlpnal abnormalities of 7 10 17 0.6642 0.000
the urinary system

Inya5|ve procedures in the 2 0 2 0.1409 0.399
urinary system

Antimicrobial therapy during 2 10 7 02588 0117
the last 3 months

Immunosupression 1 2 3 -0.2683 0.103
Accelerated sedimentation 26 10 36 -0.1409 0.399
Leukocytoss with 36 19 01195 0475
neutrophilia

Incree_\sed values of C-reactive 8 10 18 06299 0.000
protein

Anemia 17 9 26 -0.2774 0.092
Hypoproteinemia 1 8 9 -0.7916 0.000
Increased values of liver 6 6 2 03654 0.024
enzymes

Increased values of urea 7 8 15 -0.4960 0.002
Increased values of creatinine 5 8 13 -0.5768 0.000
Increased values of lactate- 0 6 6 07246 0.000
dehydrogenasis

!ncreased values of lactate 0 2 2 03944 0.014
in serum

E. coli 5 2 7 -0.0243 0.885
Klebsiella pneumoniae ESBL 4 0 4 0.205 0.217
Enterococcus faecium 3 0 3 0.175 0.293
Candida species 0 3 3 -0.4899 0.002
Pseudomonas aeruginosa 0 1 1 -0.2751 0.095
E. coli + Enterococcus faecium 2 0 2 0.1409 0.399
E. coli + Klebsiella

pneumoniae ESBL 2 1 3 -0.0467 0781
E. coli + Candida species 0 2 2 -0.3944 0.014
Isolates free 12 1 13 0.0949 0.571

Table 6. Correlation risk factors, laboratory findings and
etiologic factors of Urinary tract Infections with lethal outcome

4.DISCUSSION

The most frequently present category of C-UTIs was the
symptomatic C-UTTs, found in 22 of our patients (57.89%).
Asymptomatic bacteriuria was found in 14 (36.84) patients.
The results are in a close accordance with the results of other
researchers, and they reported that, within the units of intensive
care, 30% of the patients with urinary catheter had asymptomat-
ic bacteriuria, 26% had the cystitis symptoms, and 20% of them
had pyelonephritis symptoms (46% symptomatic UTTs) (10).

Prevalence of the C-UTTs etiologic factors is not the same
in the whole world. It varies geographically and temporary.
Amongst other factors it also depends on the age and sex of the
patient, and it is necessary to continually evaluate the ctiologic
factors within some regions (9). Since patients in the Clinic for
Infectious Diseases Tuzla come from all over the Tuzla canton,
the results of the etiological factors prevalence, presented in this
rescarch, are applied to this region. Gram-negative bacteria still
dominate the infections etiology, they are acquired in the hospi-
tal environment (11), but Candida species is more frequent, so
the more adequate name for these infections is microburia, and
not bacteriuria (2). Dominant etiologic factors of our patients,
who suffer from C-UTTs, belonged to the Gram-negative bac-
teria, Gram-positive bacteria and fungus, Candida spp. E. coli
caused 14 (36.84), Klebsiella pneumoniae caused 7 (18.42%)
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and Enterococcus faecium and Candida spp. caused 3 (7.89%)
C-UTT-s. The research showed that, during the past 10 years,
Candida spp. was more often being isolated as an etiologic fac-
tor of those infections, 20 to 44.4% (12, 13).

Analyzing the frequency of the C-UTTs dominant etiologic
factors, there has not been registered a statistically significant
difference in the frequency of dominant etiologic factors with
regard to sex. Enterococcus faccium was not registered as an
etiologic factorC-UTTIs in the male. When it comes to age, it
has been established that E. coli was a more frequent etiologic
factor in the female of younger age.

The increase of antimicrobial resistance in some C-UTTs eti-
ologic factors isworrying. E. colias one of the dominant C-UTTs
factors was not resistant to amikacin and cefepime (resistance
0%), resistance to ceftriaxone, ceftazidime and nitrofurantoin
was estimated to 7.2%, to ciprofloxacin amounts 14.3%, while
the resistance to other antimicrobial drugs was estimated to the
value 0f 21.4-100%. E. coli resistance to the third generation of
cephalosporins is in some countries estimated to the value of
10%, and 85-100% of this value is the ESBL-producingisolates.
Resistance to fluoroquinolones is above 20% in most of the
European countries (14).

ESBL Klebsiclla pneumoniac is highly resistant to all anti-
microbial drugs (42.9-100%), except to imipenem, meropenem
and amikacin (resistance was 0%). Resistance to carbapenems
is below 1% in most European countries, but in Greece it is
estimated to the value of 43.5% (14).

Enterococcus faecium was not resistant to teiklopamin,
vancomycin and linezolid, but it was 100% resistant to other
antimicrobial drugs. Vancomycin-resistant isolates Enterococ-
cus faecium reach the resistance percentage over 35% in Ireland
and Luxemburg (14).

It was established that E. coli from the C-UTIs group in
comparison to the E: coli from the CO-UTIs group, showed
a significantly higher antimicrobial resistance to ampicillin,
amoxicilline, co-amoxiclav, cefuroxime, ceftriaxone, genta-
micin and co-trimoxazole. Results of other studies had shown
that the hospital-acquired isolates are more resistant than the
ones acquired outside of it (15, 16, 17), because these isolates are
then joined with a more complicated UTT, longer antimicrobial
therapy and the use of urinary catheter (2, 18).

Treatment of the C-UT s is a special task, because it is often
caused by multiresistant kinds of etiologic factors, so it is nec-
essary to administer an adequate initial antimicrobial therapy
which is in accordance with the information about their lo-
cal antimicrobial resistance (9, 19). Inadequate antimicrobial
therapy extends the treatment, and provides a possibility of
complications, recurrence and the disease transformation into
a chronic illness (9).

The results related to adequacy of the initial antimicrobial
therapy, administered with our patients, were not so impres-
sive. Inadequate antimicrobial monotherapy and inadequate
combined antimicrobial therapy were administered with a
total number of 29 (76.32%) patients suffering from C-UTTs,
which underpins the fact that the assessment of possible etio-
logic factors and their antimicrobial resistance was not precise
in most of the cases.

According to some researchers, results of a similarly designed
study, conducted in France, were unsatisfactory, because they
showed that the adequate antimicrobial therapy was adminis-
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tered only with 50.8% of cases, and the administration method
was adequate in 94% of cases and dosed with 70.8% of cases.
The authors of this research emphasize that it is important for
doctors to follow local recommendations related to the treat-
ment of UTI-s based on the local antimicrobial resistance (19).

Ten (26.32%) patients with C-UTTs suffered lethal outcome;
all of them were elderly with background comorbidity. The
results showed that all the 10 patients had a clinic-laboratory
characteristics of urosepsis and septic shock. A statistical analysis
of clinic-laboratory and etiologic factors established that some
of them are significantly associated with the lethal outcome, and
that they can be used to predict those consequences. When it
comes to the risk factors, diabetes and other metabolic diseases
and functional abnormalities of the urinary system, high values
of C-reactive protein; hypoproteinemia, increased values of
creatinine and increased levels of Lactat-dehidrogenase were
significantly associated with the lethal outcome. Regarding the
etiologic factors there was the Candida spp.

Results of similarly designed studies showed that the worse
condition of the patient, longer hospitalization, low serum
albumins, high LDH values (20), Candida spp. (21, 22) and
MBL-producing kinds of Pscudomonas acruginosa (23) are
more frequently associated with mortality, and that an oppor-
tune adequate initial antimicrobial and supstitutional therapy,
especially the adequate oxygenation, would significantly de-
crease mortality of patients (24).

5. CONCLUSION

According to this study the C-UTIs often had a negative
outcome. The results of this research will help doctors how
to choose an adequate initial antimicrobial therapy for those
serious infections.
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