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ANTIBIOTIC RESISTANCE THREATS IN PATIENTS WITH INDWELLING
URINARY CATHETERS: BACTERIAL SPECTRUM, INFECTION RATES AND
THE EMERGENCE OF MULTIDRUG RESISTANT AND EXTENSIVELY DRUG

RESISTANT STRAINS

Milan B. Poti¢'?, Aleksandar Skaki¢?, Miodrag Djordjevic¢l3

The extent of antimicrobial resistance has become a global threat and according to the
World Health Organization latest reports on this issue, 21 century could mark the end of the
antibiotic era. Catheter-associated urinary tract infections are the leading cause of healthcare-
associated bacteremia and a major source of resistant gram-negative organisms. This paper
focuses on antibacterial resistance of bacterial species isolated from the urine samples of
bacteriuric patients. In this study we examined urine cultures of patients with indwelling
urethral catheters hospitalized for operative treatment who are at a higher risk for the
emergency due to difficult to eradicate pathogens. We assessed underlying primary health
conditions, comorbidities and infection risk factors in an attempt to relate them with rates of
resistance. The results of susceptibility testing among positive urine isolates revealed high rates
of resistance to B-lactamase inhibitors, third-generation cephalosporins, fluoroquinolones and
trimethoprim-sulfamethoxazole alongside with combined resistance to third-generation cepha-
losporins, fluoroquinolones and aminoglycosides. Multi-drug resistant strains were isolated
regardless of clinically apparent symptoms and signs of the infection with catheterization
duration being the dominant factor in comparison to the severity of primary disease and
comorbidities. Administration of empirical therapy failed to address resistance patterns of
detected pathogens. Catheterization due to strictly defined indications, reduction of catheter
presence duration and choice of therapeutic agent in accordance with susceptibility testing are

currently best available strategies both for prevention and therapy.
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Introduction

Hospital-acquired urinary tract infection is one
of the most common healthcare-acquired infections
and 70% to 80% of these infections are attributable
to the use of an indwelling urinary catheter (1).
Duration of catheterization is the most important
determinant of bacteriuria. The term catheter-asso-
ciated urinary tract infection (CA-UTI) refers to UTIs
occurring in a person whose urinary tract is currently
catheterized or has been catheterized within the
90

past 48 hours. A single insertion of a catheter into
the urinary bladder in ambulatory patients results in
urinary infection in 1-2% of cases (2, 3).

Indwelling urinary catheters facilitate coloni-
zation with uropathogens by providing a surface for
the attachment of host cell binding receptors recog-
nized by bacterial adhesions (4). The most common
infecting organism is Escherichia coli, Enterococcus
spp., coagulase-negative Staphylococcus, Pseudo-
monas aeruginosa and other non-fermenters (5).
Bacterial resistance has major implications for urolo-
gical practice, particularly in relation to catheter-
associated UTIs and infection complications following
prostate biopsy or urological surgery (6). Catheter-
associated urinary tract infection has been asso-
ciated with increased morbidity, mortality, hospital
costs and length of hospital stay (7).

Patients and methods
A prospective study was performed during a

one-year period in the Urology Clinic, Clinical Center
NiS. A total of 217 patients admitted for operative
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treatment were studied. The inclusion criteria were
restricted to patients with indwelling urinary catheter
present for more than two days prior to admission.
The patients undergoing catheterization for diagnos-
tics or complicated urinary drainage procedures (ne-
phrostomy, urinary stents) were excluded. Duration
of catheter presence was considered to be short-
term catheterization (STC) if they were in situ for up
to 29 days or less and long-term catheterization
(LTC) when they were in situ for 30 or more days.

The analysis was performed on the following
collected data: urine samples taken on admission,
on the 5% day of hospitalization, on the 5% post-
operative day and after removal of the catheter. All
urine samples were sent to microbiology laboratory
and assessed for the presence of pathogens and
their antimicrobial susceptibility in accordance to the
European Committee on Antimicrobial Susceptibility
Testing standards. All positive urine cultures were
cross-linked with antibiotics from different classes to
obtain a resistance percentage of isolated micro-
organisms. Multidrug-resistant (MDR) strains were
defined as non-susceptibility to at least one agent in
three or more antimicrobial categories and exten-
sively drug-resistant (XDR) as non-susceptibility to
at least one agent in all but two or fewer anti-
microbial categories. In order to assess general re-
sistance multiple antibiotic resistance (MAR), in-
dexes were calculated by dividing the number of
antibiotics isolate is resistant to with a number of
antibiotics it is tested against. Empirical therapy was
considered adequate if isolates were tested sensitive
to administered antibiotics.

Infections were classified as present on ad-
mission (POA) and hospital-acquired urinary tract
infection (HAUTI). Hospital-acquired urinary tract
infection is defined as a microbiologically confirmed
or symptomatic UTI with the date of onset. The day
one of infection window period (IWP) was the day of
admission to the urology clinic regardless of patient
transfer from intensive care unit or another ward.
Catheter-associated urinary tract infections were
defined as positive urine culture with at least one
bacterial species isolated at quantitative counts
> 10° CFU/ml in patient with indwelling urinary ca-
theter for >2 days prior to infection or symptoms
and signs suggestive of UTI (fever > 38 °C, lower
abdominal/flank pain or leukocytosis with no other
recognized cause). Catheter-associated asymptoma-
tic bacteriuria (CA-ABU) was defined as at least one
bacterial species isolated from urine culture at
quantitative counts < 10° CFU/ml in a patient with
an indwelling urinary catheter for > 2 days without
symptoms and signs of UTL.

Urinary tract infection risk factors considered
were: an indwelling urinary catheter for > 2 days,
extended duration of catheterization, previous his-
tory of UTI, urinary tract obstruction or reflux, uri-
nary stones, antibiotics or corticosteroids treatment
within previous three months and hospitalization
within previous six months. These factors were not
analyzed separately and were expressed as a total
number of factors simultaneously present (minimum
one; +1 for LTC). The underlying primary disease

was classified with McCabe and Jackson score.
Comorbidity severity level was assessed by Carlson
Comorbidity Index (CCI). Additional data of interest
collected were: baseline characteristics, duration of
catheter presence prior to admission, indications for
catheters usage, administration of antibiotics, dura-
tion of antibiotic therapy and the total length of
hospital stay (LOS).

Statistics: Pearson correlation test, Kruskal-
Wallis analysis of variance (ANOVA) followed by
Man-Whitney U test have been used. SPSS 11
(Chicago, IL, USA). P-values < 0.05 were considered
to be statistically significant.

Results

Out of 217 patients included in the study,
there were 154 (71%) male patients and 63 (29%)
female patients with a median age of 65 years
(range 21-84). Long-term catheterization was pre-
sent in 58 (27%) patients (median catheter time in
situ 63.5 days, min 30, max 459) and short-term
catheterization in 159 (median 6 days, min 2, max
29). In 126 patients (58%) indication for catheteri-
zation was surgery, acute obstruction in 80 (37%)
and hematuria or trauma in remaining 11 (5%)
patients. The open-drainage system was present in
36 (16%) patients. The most common type (94%)
of urinary catheter used was Foley silicone-coated
catheter.

Sixty-eight (31%) urine cultures taken on
admission were positive for at least one bacterial
species. Among these patients six had a fever on
admission with accompanying symptoms and signs
suggestive of UTI and they were identified as CA-
UTI. Of all patients with POA infection, change of
causative pathogen occurred in 19 (30%) cases and
HAUTI was considered. Of 149 urine samples sterile
on admission, 97 (65%) were positive for bacterial
presence on the fifth hospital day and stratified as
follows: 16 (16.6%) patients had symptoms and
were classified as CA-UTI, 25 (25.7%) patients were
asymptomatic with bacterial growth < 10> CFU/mL
and were classified as CA-ABU and 56 (57.7%) pa-
tients were asymptomatic with bacterial growth >
105 CFU/mL and classified as HAUTI. In patients
with HAUTI, change of pathogen occurred in 26
(39%) cases on the next sampling. In four of HAUTI
patients, infection deteriorated to the level of sepsis.
Ratios of organisms isolated from urine samples are
presented in Figure 1. Most frequently isolated spe-
cies present on admission were E. Coli (49%),
Pseudomonas spp. (16.5%) and Proteus mirabilis
(14%). Among hospital-acquired pathogens most
common were E. Coli (40%), E. Faecalis (16%),
Pseudomonas spp. and Klebsiella spp. (12.5% both).
The most common changes of isolated bacteria were
in a favor of Klebsiella (p < 0.001) with consequent
reduction of E. Coli (p < 0.05). The spectrum of
causative organisms was virtually identical in LTC
and STC patients (higher but not significant pre-
sence of P. Mirabilis was found in LTC).

Cumulative percentages of resistance toward
antibacterial category representatives and additional
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data are summarized in Table 1. In 74% of cases
antibacterial therapy was empirical with the ade-
quacy of 19%. Twenty-six percent of patients were
treated in accordance with antibiogram and in one
case treatment was considered non-adequate. Mean
duration of antibiotics treatment was 6.5 days

(SD = 4.1, max 17). In a total of 351 susceptibility
tests performed resistance rates from 68.7% to
100% were found to second-generation cephalo-
sporins, fluoroquinolones and trimethoprim-sulfa-
methoxazole (TMP-SMX).

Urine culture results LTCn =58 STCn = 159
Pathogen POA, n = 68 33 (57%) 35 (22%)
Sterile on admission 25 (43%) 124 (78%)
Symptomatic on admission 0 6 (3.7%)
103-10° CFU/mI (POA) 15 (26%) 16 (10%)
> 10° CFU/ml, ABU (POA) 18 (31%) 19 (11.9%)
Sterile to positive on 2" sampling 25 (100%) = 72 (58%) /=
Symptomatic HAUTI 5(20%) <~ 19 (26%) <~

mE_coli

u Pseudomonas spp

= Proteus mirabilis
Enterobacter spp

mKlebsiella spp

Change of isolated
strains:

POA --> 19 (30%)

HAUTI --> 26 (39%)

= E_coli

u Pseudomonas spp

m Proteus mirabilis
E faecalis

mKlebsiella spp

m Cther = Cther
Change to Klebsiella
. (p <O.
POA spp- (< 0.001) HAUTI
Abbreviations: LTC- long-term catheterization; STC- short-term catheterization; POA- present on admission;
ABU-asymptomatic bacteriuria; HAUTI- hospital-acquired urinary tract infection.
Figure 1. Urine culture results and bacterial spectrum of positive isolates
Table 1. Isolated pathogen resistance to commonly used antimicrobials
Antibiotic resistance percentages (%)
Antibacterial agent E. Coli Pseudomonas P. Mirabilis Klebsiella spp. | Enterobacter
n =152 spp. n = 48 n =37 n =42 spp. n = 22
Amoxicillin-clavulanate 38.6 73.2 35.7 70.8 84.1
Piperacillin-tazobactam 23.5 43.5 0.0 6.3 9.1
Cefuroxime 47.5 74.1 42.9 82.3 83.8
Ceftriaxone 36.7 65.3 51 59.5 50.9
Cefotaxime 35.3 51 26.7 55.2 56.7
Ceftazidime 33.4 39.8 49 57.8 66.7
Cefepime 14.3 24.5 0.0 32.2 33.6
Ciprofloxacin 68.7 95.7 72.5 88.9 82.4
Gentamicin 45.7 61.3 56.3 89.3 76.5
Amikacin 26.6 38.3 25 57.1 52.9
Trimethoprim/sulfamethoxazole 95.3 100 96.3 100 93.8
Type of resistance
MDR 21 (13.8%) 9 (18.7%) 5 (13%) 11 (26%) 6 (27%)
XDR 7 (4%) 14 (29.1%) no 7 (16%) 4 (18%)
POA/HAUTI ratio 0.8 0.91 0.98 0.4 3.0

Abbreviations: MDR-Multidrug-resistant. XDR-Extensively drug-resistant. POA-Present on admission.
HAUTI-Hospital-acquired urinary tract infection. MAR-Multiple Antibiotic Resistance index.
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Sixty percent of POA pathogens and 87.2% of
HAUTI were resistant to empirically administered
fluoroquinolones, with a higher resistance rate of
hospital strains (p < 0.001). Resistance rates from
33%-66.7% were recorded to cephalosporins of the
third generation along with resistance to cefepime
over 30% among Klebsiella species and Entero-
bacter species. In regard to cephalosporins, isolated
causative pathogens shared similar rates of resist-
ance to the particular antibacterial drug, from mo-
derate 70.3% among Pseudomonas and Proteus to
97.6% for E. Coli and Klebsiella spp. None of the
isolates were resistant to carbapenem group (imipe-
nem, meropenem). Highest numbers of MDR strains
were found among Klebsiella (26%) and Entero-
bacter (27%) with Pseudomonas spp. being the
most prominent pool of XDR pathogens (29.1%). E.
Faecalis resistance rates are not given in the Table 1
due to data consistency and are presented in the
text. Isolated strains of E. Faecalis (n = 50) showed
the highest resistance to TMP-SMX (98%), ciproflo-
xacin (90%) and doxycycline (68.4%) along with
susceptibility to carbapenems (100%) and amino-
glycosides (amikacin 100%, gentamicin 85%).

There was one single vancomycin-resistant
isolate of E. Faecalis.

Mean MAR index of POA pathogens was 0.62
(SD = 0.25) and in HAUTI mean MAR index was
0.65 (SD = 0.18). In the cases of same species
isolated on the next successive sampling, MAR index
increased from average 0.42 to 0.57. With the

occurrence of pathogen species exchange, mean
MAR indexes changed from 0.52 to 0.61 respectively
(p < 0.05). The most frequently isolated pathogen
E. Coli change of resistance rates in accordance with
the time of isolation is presented in Figure 2.

Based on the duration of catheterization, MAR
values were as follows: in LTC mean MAR value was
0.63 (SD = 0.22) and in STC mean MAR value was
0.54 (SD = 0.26) with the signifficant difference be-
tween groups p < 0.05. In respect to primary di-
sease evaluated by McCabe and Jackson score,
patients with LTC had a nonfatal condition in 60% of
cases, fatal within 5 years in 30% and life-
threatening within 6 months in 10 % of cases. Pa-
tients with STC had a nonfatal condition in 52% of
cases, fatal within 5 years in 41% and life-threa-
tening within 6 months in 7 % of cases. Significant
correlation between severity of primary disease and
bacterial resistance was found (p < 0.05). Mean
Carlson index in LTC was 3.43 (SD = 2.45) and in
STC mean Carlson index was 3.48 (SD = 2.42). The
relation of pathogen resistance and comorbidity was
not significant. A weak positive correlation existed
between a number of predisposing factors and
occurrence of infection p = 0.06. Regarding length
of hospital stay (LOS) in LTC patients, mean value
was 26.8 days (SD = 20.5) and in STC was 18.9
days (SD = 9.4). The correlation between resistance
rates and LOS in both groups of patients was not
significant.

A-Clavulanate**

100%
90% |
80% |

Tmp-Smx*

Ciprofloxacin

Amikacin *

Gentamicin

Pip-Tazobac***

Cefuroxime

Cefotaxime

Ceftazidim

Cefepime

—o—E.coli POA

——E.coli HAI

Abbreviations: Tmp-Smx*: Trimethoprim-sulfamethoxazole, A-clavulanate**: Amoxicilin-clavulanate,

Pip-Tazobac***: Piperacillin-Tazobactam

Figure 2. Resistance pattern between present on admission and hospital-acquired strains of E. Coli
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Discussion

The urine of patients with indwelling catheters
is a source of extended-spectrum beta-lactamase
(ESBL) and carbapenem-resistant (CRE) Entero-
bacteriaceae in both acute and long-term facilities
(8, 9). The species isolated in our study demon-
strated a high level of resistance to B-lactamase
inhibitors, third-generation cephalosporins and com-
bined resistance to cephalosporins, fluoroquinolones,
and aminoglycosides. None of these showed re-
sistance to the carbapenem group of antibiotics.
European Centre for Disease Prevention and Control
(ECDC) report on ABR in 30 countries of EU/EEA
warned that the resistance to carbapenems sig-
nificantly increased from a population-weighted of
6.2% in 2012 to 8.1% in 2015. Resistance to
carbapenems was frequently reported in K. Pneumo-
niae invasive isolates from countries in Southern and
South-Eastern Europe than other parts of Europe.
The vast majority of the resistant isolates had addi-
tional resistance to fluoroquinolones, third-genera-
tion cephalosporins and aminoglycosides (10). The
isolated pathogens we had are showing a similar
pattern of combined resistance to that described in
ECDC report, suggesting the possibility of ABR ex-
pansion to carbapenems. Moreover, observed high
correlations of susceptibility/resistance rates among
the isolates of different species to particular anti-
biotic raises the question of the possible cause of
this finding.Indwelling catheters with open-drainage
systems result in bacteriuria in almost 100% of
cases within 3-4 days (3). More than a half of urine
cultures of patients with LTC in our study were posi-
tive on admission and all of previously sterile be-
come bacteriuric on the day 5 of hospital stay. A
large percent of urine cultures obtained from STC
patients (58%) became positive during hospitaliza-
tion. In both groups, symptomatic cases appear with
delayed response to therapy and serious complica-
tions including sepsis. Part of these findings could be
attributed to the presence of open-drainage sys-
tems, underlying primary disease and comorbidities
potential to alter host defense mechanisms. Another
determinant in our case is the unavailability of
catheters with additional protective features.

Most hospital-acquired UTIs are associated
with catheterization and most occur in patients with-
out signs or symptoms referable to the urinary tract
(11, 12). Infections originate from one species of
bacteria and as the duration of catheterization
lengthens, more bacterial species are usually de-
tected (these tend to be gram-negative bacteria
such as Proteus mirabilis and Pseudomonas aerugi-
nosa) (13).

The risk of infection reduced from 97% with
an open drainage system to 8-15% when a sterile
closed system was employed. The risk of using
antibiotics as a form of prophylaxis is that it may
lead to an increase in resistance which, in turn, may
reduce the available treatments for patients with
clinical infections in the future (14).

Among hospitalized patients with an indwel-
ling catheter 60-80% receive antimicrobials usually
for indications other than urinary tract infection (15).
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This intense antimicrobial exposure promotes
antimicrobial-resistence of pathogens frequently iso-
lated from the urine of catheterized individuals.
Bacteria colonizing the drainage bags of catheterized
patients have been reported to be a source for out-
breaks of resistant organisms in acute care facilities
(15).

According to the ECDC reports on high ABR
rates in South Eastern Europe, we examined the
results of the past and recent studies in geogra-
phically close regions. A significant high combined
resistance was seen in Bosnian surveillance study of
urinary intrahospital infections (16). The setting of
this study was confined to the Clinic of Obstetrics
and Gynecology and differ both in the choice of the
target population and some definitions of standards.
Nevertheless, the spectrum of pathogens and high
percentages of their resistance to multiple antimicro-
bial groups alongside with susceptibility to carbape-
nems and fourth-generation cephalosporines were
similar to our findings. A large study of community-
acquired UTIs in South Croatia back in 2003 con-
cluded that Enterobacteriaceae had become less
susceptible to commonly used antibiotics and that
uropathogens were showing a slow but steady in-
crease in resistance (17). The summary of latest
reports by ECDC with Croatia as EU member in-
cluded, confirmed the persistence of aforementioned
trends (18).

In a more recent study at the University
Clinical Center of the Republic Srpska, the ABR and
MDR isolates obtained from different wards were
compared. They found that highest percent of MDR
isolates from urine samples were comprised of
Pseudomonas spp. and Acinetobacter spp. The
leading sources of infections were intensive care
units and surgical wards (19). None of the Acineto-
bacter spp. was isolated from samples we obtained
at urology ward only.

Microbiological laboratory analysis of the iso-
lates we collected demonstrated highest ABR among
hospital-acquired species with Klebsiella and Proteus
being a leading source of MDR strains. Once again
duration of catheterization proved to be a decisive
factor in the appearance of infection and pathogens
harder to eradicate in patients with otherwise similar
underlying pathology, comorbidities and risk factors.

The resistance demonstrated to Ciprofloxacin
and TMP/SMX resulted in near zero efficiency of
these antibiotics among our patients. Furthermore,
levels of resistance to amoxicillin-clavulanate, third-
generation cephalosporins and gentamicin (ranges
from 35% to even 84%) were high above proposed
limits for therapeutic efficiency. Infectious Diseases
Society of America Guidelines on the treatment of
uncomplicated UTIs recommended that the resist-
ance percentage of causative micro-organisms must
be < 20% to consider an agent suitable for empirical
treatment of a lower UTI and must be < 10% for the
treatment of an upper UTI (3, 20). Considering the
current resistance percentages of amoxicillin, amoxi-
clav and trimethoprim/sulfamethoxazole, it can be
concluded that these agents are not suitable for the
empirical treatment of pyelonephritis in a normal
host and therefore also not for treatment of all
complicated UTIs. The same applies to ciprofloxacin
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and other fluoroquinolones in catheterized urological
patients (21). Ciprofloxacin resistance in E. Coli iso-
lates is increasing and the use of this antimicrobial
agent as empirical therapy for UTI should be re-
considered (22).

In a broader sense, the emergence of ABR
strains and their resistance rates are showing a
tendency to rise and expand. This is mainly attribu-
ted to incorrectly prescribed therapeutics, subthera-
peutic antibiotic concentrations and lack of new
antibiotics (23). The over-application of antimicro-
bials usually occurs in extreme cases in hospital-
based patients and is relatively controlled. The de-
velopment and implementation of rapid and accu-
rate diagnostics would alleviate this problem (24).

Conclusion

The non-standard procedure of consecutive
urine analysis and susceptibility testing of bacteria
found in all catheterized patients regardless of in-
dicative symptomatology gave us the insight into

antibacterial resistance profile of often omitted
microbes. These bacterial strains demonstrated a
high level of antibiotic resistance and combined re-
sistance to third-generation cephalosporins, fluoro-
quinolones and aminoglycosides. In a management
of UTI in catheterized patients, the choice of thera-
peutic agent should be tailored to the results of
susceptibility testing of isolated pathogens since
empirical therapies often fail to address the frequent
presence of MDR and XDR strains. Asymptomatic
bacteriuria should not be treated in catheterized
patients. Duration of catheterization is the single
independent factor influencing emergence of MDR
and XDR strains.
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Obimnost antibiotske rezistencije predstavija globalnu opasnost i prema najnovijim
izvestajima Svetske zdravstvene organizacije, 21. vek moze da oznadi i kraj antibiotske ere.
Urinarne infekcije povezane sa kateterizacijom vodeci su uzrok nozokomijalnih bakterijemija i
glavni su izvor rezistentnih Gram-negativnih organizama. Ovaj rad se fokusira na antibiotsku
rezistenciju bakterija izolovanih iz urina bakteriuri¢nih bolesnika. U ovoj studiji ispitivane su
urinokulture bolesnika sa permanentnim urinarnim kateterom, hospitalizovanih zbog opera-
tivnog lecenja, kod kojih postoji povecani rizik od pojave rezistentnih patogena. Analizirani su i
primarna oboljenja, komorbiditeti i faktori rizika za nastanak infekcija, u nastojanju da se
dovedu u vezu sa stopama rezistencije. Testovi osetljivosti izvedeni na uzorcima pozitivnih
urinokultura otkrili su visoke stope rezistencije na inhibitore beta-laktamaze, cefalosporine
trece generacije, fluorohinolone i trimetoprim-sulfametoksazol, kao i kombinovanu rezistenciju
na cefalosporine tre¢e generacije, fluorohinolone i aminoglikozide. Multirezistentni sojevi
izolovani su nezavisno od prisustva simptoma i znakova infekcije, pri ¢emu je trajanje
kateterizacije dominantni faktor rizika, u poredenju sa tezinom osnovne bolesti i komorbi-
ditetima. Primenjena empirijska terapija pokazala se neadekvatnom u lecenju izolovanih
patogena. Kriza antibiotske rezistencije je na vrhuncu i zahteva brz i odlu¢an odgovor.
Kateterizacija prema strogo odredenim indikacijama, smanjenje vremena trajanja katete-
rizacije i izbor antibiotika po antibiogramu, trenutno su najbolje strategije, kako u prevenciji
tako i u terapiji.
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