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ABSTRACT

INTRODUCTION  Recurrent urinary tract infections (UTls) are a frequent health problem and a common
reason for treatment resistance.

0BJECTIVES The purpose of the study was to evaluate the etiology of community-acquired lower recur-
rent UTI and bacterial antibiotic susceptibility.

PATIENTS AND METHODS A total of 796 microbiological urine cultures from 332 patients (280 women
and 52 men) treated in a single nephrology outpatient department in central Poland in years 2016 to
2018 were analyzed. The most frequent species responsible for recurrent lower UTI were identified and
the susceptibility of all the microbes to specific antibiotics was assessed. The patients’ kidney function
and inflammation parameters were evaluated.

RESULTS The median (interquartile range [IQR]) age of the patients was 65 (59-77) years (women,
69 [57-78] years; men, 67 [62—77] years), median (IQR) glomerular filtration rate was 56.6 (40.2—
81.3) ml/min/1.73 m? with median (IQR) C-reactive protein concentration of 3.2 (1.5-7.0) mg/I. There
were 43 bacterial species identified: 24 gram-positive and 19 gram-negative. The analyzed urine cultures
contained 977 microbial samples (563 gram-negative bacteria, 408 gram-positive, 6 fungi). The most
common bacteria was Escherichia coli (39.6%) which showed 100% susceptibility to carbapenems, 98.9%
to amikacin, 96.5% to piperacillin/tazobactam, and 94.3% to gentamicin. With regard to oral antibiot-
ics, its highest susceptibility was to fosfomycin 95.5%, nitrofurantoin 85.5%, and cefuroxime 82.3%. In
39.9% of cases, E. coli was resistant to fluoroquinolones and in 46.6% to trimethoprim/ sulfamethoxazole.
concLusions  The most frequently occurring bacteria causing recurrent lower UTI are characterized
by significant resistance to the antimicrobial therapy recommended as the first-line treatment: fluoro-
quinolones and trimethoprim/ sulfamethoxazole. It seems that the first choice in the treatment of lower
UTls should be: fosfomycin, nitrofurantoin, or cefuroxime.

INTRODUCTION  Urinary tract infections (UTIs)
are the most common reason for workplace ab-
senteeism and attending general practitioner
(GP) appointments.' There is little statistical
data available regarding the frequency of UTIs;
however, it is estimated that they are respon-
sible for about 20% of hospital acquired infec-
tions and 40% to 50% infections acquired out-
side the hospital setting.? Moreover, 20% to 40%
of patients with lower UTI experience recur-
rent infection.?

The etiology of UTIs is predominantly bacte-
rial. They are caused most frequently by Esch-
erichia coli, 70% to 95% of cases, less often by
Staphylococcus saprophyticus 5% to 10% of cas-
es, Proteus mirabilis, Klebsiella species (spp.), En-
terococcus spp. in 5% or less of cases, and occa-
sionally Staphylococcus aureus.*

The appearance of symptoms of lower UTI
such as dysuria, frequent urination, pain in
the suprapubic region, or urinary incontinence
is a common reason for antimicrobial empiric
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WHAT'S NEW?

Our study showed that fosfomycin, nitrofurantoin, and cefuroxime should
be recommended as the first-line therapy in community-acquired lower uri-
nary tract infection (UTI) including recurrent UTI. Bacteria that are the most
common causes of lower UTls are characterized by significant resistance to
the most commonly used antimicrobial therapy recommended as the first-line
treatment (ciprofloxacin and trimethoprim/sulfamethoxazole). Based on our
findings, it seems reasonable to conduct local analyses of changing etiology
and antibiotic susceptibility of microorganisms causing UTls and to accord-
ingly modify the treatment recommendations.
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therapy, which due to various etiology factors of
UTIs and constantly increasing resistance of mi-
croorganisms, is ineffective in some patients.*®
In case of an uncomplicated UTI, the follow-
ing are recommended as the first-line treat-
ment: nitrofurantoin (it is unavailable in Po-
land; another available substance is furazidi-
num), trimethoprim / sulfamethoxazole (cotri-
moxazole), trimethoprim, or fosfomycin. Al-
ternatively, if contraindications to the above
substances are reported, treatment with an an-
tibiotic belonging to the group of fluoroquino-
lones is recommended.*

According to the guidelines, in an uncomplicat-
ed UTL, it is not necessary to perform microbio-
logical urine examination, therefore information
about the etiology, especially about antibiotic sus-
ceptibility of bacteria prevalent in specific popu-
lations, is relevant in order to choose an antibiot-
ic with the highest probability of effectiveness in
the empiric treatment,’ in view of the treatment
having become increasingly hindered by growing
antibiotic resistance. Resistance to trimethoprim
has been reported as higher than 20%. Also resis-
tance to cotrimoxazole is widespread, particular-
ly in developing countries, where it has been re-
ported to be as high as 64%. Identification of re-
sistant urinary isolates is often associated with
previous exposure to antibiotics.®

Although the GP’s office is usually the first
point of contact for the patients with lower UTI,
the majority of microbiological urine examina-
tions are carried out in the nephrology outpa-
tient department, where the patients are referred
to for the diagnosis of recurrent UTIs and com-
plicated infections.

The aim of this study was to analyze microbio-
logical urine assessments carried out in patients
referred for diagnosis and treatment to a nephrol-
ogy outpatient department in central Poland from
2016 to 2018, mostly due to recurrent lower UTI,
with particular emphasis on the bacteria antibi-
otic susceptibility.

PATIENTS AND METHODS  Retrospective analysis
included all microbiological urine examinations
done over 3 years, from 2016 to 2018, in adult
Caucasian patients, diagnosed/ treated mostly be-
cause of recurrent UTIs in one nephrology outpa-
tient department of a university hospital in central
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Poland. All the samples came from the outpatients
presenting with clinical symptoms of lower UTIs.
The analysis did not include urine cultures (UCs)
from patients with estimated glomerular filtration
rate (eGFR) of less than 15 ml/min/1.73 m?, C-re-
active protein (CRP) value higher than 20 mg/1,
and those with a Foley-type catheter. The type of
microorganisms and their antibiotic susceptibili-
ty were analyzed. As a part of standard diagnos-
tic process of recurrent UTI,s all the patients once
underwent an ultrasound examination in the ra-
diology department at the hospital, with the use
of the same equipment, but carried out by differ-
ent radiologists. On the basis of available medical
documentation, including anthropometric data,
patient’s history and the results of ultrasound ex-
amination of the urinary system, UTI was classified
as uncomplicated or complicated. Complicated UTI
was defined as UTI in a person with urinary tract
defect, reflux nephropathy, stasis within the pel-
vicalyceal system, nephrolithiasis, congenital ne-
phropathy (polycystic kidney disease), or with func-
tional changes in the form of neurogenic bladder.
We also took into consideration concomitant dis-
orders such as diabetes mellitus or treatment with
immunosuppressive therapy. Information about
the serum level of creatinine and CRP values ob-
tained at the same appointment as UCs was tak-
en from the patients’ medical history. The results
of UCs were also obtained from medical records.
Kidney function was assessed by calculating eGFR
using the CKD-EPI (Chronic Kidney Disease Epi-
demiology Collaboration) formula.’

The microbiological urine tests were done in
the local hospital microbiological laboratory.
The inoculations were performed according to
the EUCAST (European Committee on Antimi-
crobial Susceptibility Testing) guidelines.'® Test-
ed specimens were inoculated onto the Colum-
bia agar with 5% sheep blood (bioMérieux, Mar-
cy I'Etoile, France), which supports growth of a va-
riety of bacteria, the MacConkey agar with crystal
violet (bioMérieux, Marcy I'Etoile, France), which
allows growth of only gram-negative bacteria, and
the Sabouraud gentamicin chloramphenicol 2 agar
(bioMérieux, Marcy I'Etoile, France), which allows
growth of fungi. The inoculations on the Colum-
bia agar and the MacConkey agar were incubat-
ed (CO2-Incubator, model INC153med, Memmert
GmbH, Heilbronn, Germany) at 35 °C for up to 48
hours, whereas the inoculations on the Sabouraud
agar were incubated at 35 °C for up to 7 days. Bac-
terial and yeast species identification was per-
formed using the VITEK®2 Compact (bioMérieux
Inc., Hazelwood, Missouri, United States). The fol-
lowing reference strains were tested for quality
control: S. aureus the American Type Culture Col-
lection (ATCC) strain 25923, Enterococcus faeca-
lis ATCC 29212, E. coli ATCC 25922 and 35218,
Klebsiella pneumoniae ATCC 700603, Pseudomonas
aeruginosa ATCC 27853, Candida albicans ATCC
90028, and Candida parapsilosis ATCC 22019. Sus-
ceptibility testing was performed using the VI-
TEK®2 Compact with Vitek card YS08 for yeast



TABLE 1 The study group characteristics with the number of urine cultures and the number of bacteria divided into
gram-negative and gram-positive
Whole group Women Men

Patients 332 (100) 280 (84.3) 52 (15.7)

Age, y, median (IQR) 65 (59-77) 69 (57-78) 67 (62-77)

Patients with diabetes 75 (22.6) 64 (22.9) 11(21.2)

Patients with complicated UTI 72 (21.7) 55(19.6) 17 (32.7)

UCs 796 (100) 688 (86.4) 108 (13.6)

UCs per patient, n, median (IQR) 1(1-3) 1(1-3) 1(1-2.5)

eGFR, ml/min/1.73m?, median (IQR) 56.6 (40.2-81.3) 56.5 (40.1-82.2) 57.7 (40.2-75.5)
CRP, mg/l, median (IQR) 3.2(1.5-7) 3.3(1.4-7) 3(1.8-7.1)
Identified bacterial samples, n 97 845 126
Gram-negative bacterial samples, n 563 502 61
Gram-positive bacterial samples, n 408 343 65

Data are presented as number (percentage) unless otherwise indicated.

Abbreviations: CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; IQR, interquartile range; UC, urine

culture; UTI, urinary tract infection

and Vitek 2 AST-PG43 and Vitek 2 AST-N330 for
bacteria. The disk diffusion method was used to
determine drug susceptibility to antibiotics not
included in Vitek cards, for example, fosfomy-
cin, tetracycline, ofloxacin, levofloxacin. Suscep-
tibility to a range of antibiotics was evaluated by
the disk diffusion method on the Mueller-Hinton
agar (Bio-Rad, Marnes-la-Coquette, France) for
gram-negative rods, staphylococci, and entero-
cocci, and Mueller-Hinton agar supplemented
with 5% defibrinated horse blood and 20 mg/1
NAD (Bio-Rad, Marnes-la-Coquette, France) for
streptococci. Minimum inhibitory concentrations
were determined by the VITEK®2 Compact and,
in addition, by antibiotic gradient strips, Etest
(bioMérieux, Marcy I'Etoile, France). In addition,
M.LC.E strips (Oxoid Limited, Hampshire, Unit-
ed Kingdom) were used for extended-spectrum
B-lactamase (ESBL)-producing strains.

For this type of a retrospective study, formal
patient consent and the approval of an institu-
tional review board were not required.

Statistical analysis Nominal data are presented
as numbers with percentages; numerical data are
presented as medians with interquartile range.
Lack of normality was assessed based on visual
inspection of histograms. All calculations were
done using the Microsoft Excel software.

RESULTS A total of 796 UCs from 332 patients
(280 women and 52 men) were analyzed. Seventy-
-five patients had diabetes mellitus, 9 were diag-
nosed with autoimmune diseases (6 had systemic
lupus erythematosus, 3 had rheumatoid arthritis)
and were treated with immunosuppressive thera-
py. Abdominal ultrasound detected nephrolithi-
asis without any signs of stasis in 41 of the pa-
tients; 21 patients were diagnosed with chron-
ic obstructive nephropathy and 10 patients with
polycystic kidney disease. Complicated UTIs were
diagnosed altogether in 72 patients (21.7%). In

other patients, imaging did not show significant
deviations from normal, except for single simple
cysts. The characteristics of the study group along
with the number of UCs and the number of iso-
lated bacteria are presented in TABLE 1.

According to all identified microorganisms in
the analyzed UCs, infections in the study group
were caused most often by bacteria (99.2%) and
seldom by fungi (0.4%) or mixed flora (0.4%).
Among the bacteria, 58% were gram-negative
and 42% were gram-positive. The most frequent-
ly identified gram-negative bacteria were: E. coli
(39.6% of all microorganisms), K. pneumoniae
(6.4%), and P. mirabilis (5.1%). The most frequent
gram-positive bacteria were: E. faecalis (11.3%),
Streptococcus mitis (6.1%), and S. aureus (5.9%).
The etiology of UTIs in the whole study group
and separately in women and in men are illus-
trated in TABLE 2.

All identified bacteria in the assessed UCs and
the percentage distribution of individual species
are depicted in FIGURES 1 and 2.

Among the identified bacteria, the number of
microorganisms belonging to particularly resis-
tant strains was calculated: ESBL-producing E.
coli constituted 9% of all cases of a given species,
and respectively: ESBL-producing K. pneumoni-
ae 30.2%, ESBL-producing P. mirabilis 6%, high-
-level aminoglycoside resistance E. faecalis 28.2%,
methicyllin-resistant S. aureus 24.1%.

The most common bacteria found in UCs
from patients with complicated UTI were E. coli
(33.6%), E. faecalis (11.4%), and S. aureus (10%).

There were 202 patients (60.8%) aged 65 years
and older. Among those, the etiology of recur-
rent UTIs was similar to that of the entire group;
the most frequent microorganisms were E. coli
(44.2%), E. faecalis (10.5%), and K. pneumoniae
(8.1%).

E. coli, the most frequent gram-negative bac-
teria in the study group, presented 100% sus-
ceptibility to intravenous antibiotics such as
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TABLE 2  Etiology of lower urinary tract infections in the whole study group and separately in women and men

Bacteria Samples in whole group Samples in women Samples in men
Escherichia coli 387 (39.6) 359 (42.4) 28 (21.5)
Enterococcus faecalis 110(11.3) 94 (11.1) 16 (12.3)
Klebsiella pneumoniae 63 (6.4) 51 (6) 12(9.2)
Streptococcus mitis 60 (6.1) 54 (6.4) 6 (4.6)
Staphylococcus aureus 58(5.9) 46 (5.4) 12 (9.2)
Proteus mirabilis 50 (5.1) 50 (5.9) 0

Data are presented as number (percentage). Percentage was calculated in respect to the number of microbial samples.

FIGURE 1
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Gram-negative bacterial species in the study population (19 species)

carbapenems, that is, imipenem and meropen-
em, 98.9% to amikacin, 96.5% to piperacillin with
tazobactam, 94.3% to gentamicin. With regard to
oral antimicrobial drugs, its highest susceptibility
was to fosfomycin 95.5%, nitrofurantoin 85.5%,
and cefuroxime 82.3%. In 39.9% of cases, E. coli
was resistant to fluoroquinolones and in 46.6%
to cotrimoxazole. The most frequently occurring
gram-positive bacteria, E. faecalis, was susceptible
to imipenem, linezolid, and vancomycin in 100%,
and with regard to oral medications, to ampicil-
lin and amoxicillin in 100%, to nitrofurantoin in
97.3%, and to amoxicillin with clavulanic acid in
80%. E. faecalis was resistant to ciprofloxacin in
93.2%, to cotrimoxazole in 98.9%, and to cefu-
roxime and gentamicin in 100%.

Antibiotic susceptibility of the most frequent
gram-negative and gram-positive bacteria caus-
ing UTIs is presented in detail in TABLES 3 and 4.

Susceptibility of the most commonly identified
bacteria (all cases from each species, including
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W Escherichia coli, 387 (68.7%)

W Klebsiella pneumoniae, 63 (11.2%)

M Proteus mirabilis, 50 (8.9%)

W Pseudomonas aeruginosa, 15 (2.7%)

M Enterobacter cloacae, 10 (1.8%)

W Morganella morganii, 8 (1.4%)

W Klebsiella oxytoca, 6 (1.1%)

W Citrobacter koserii, 5 (0.9%)

W Providencia stuartii, 4 (0.7%)

W Acinetobacter baumanii, 3 (0.5%)

W Proteus hauseri, 2 (0.4%)

W Serratia marcescens, 2 (0.4%)

W Providencia rettgeri, 2 (0.4%)

W Citrobacter braakii, 1 (0.2%)
Citrobacter freundii, 1 (0.2%)

W Acinetobacter calcoaceticus, 1 (0.2%)
Pseudomonas putida, 1 (0.2%)
Enterobacter aerogenes, 1 (0.2%)

Pantoea agglomerans, 1 (0.2%)

particularly resistant strains) to the most fre-
quently used antibiotics, including those recom-
mended as the first-line treatment in UTI? is sum-
marized in TABLE 5.

The susceptibility of the most frequent bac-
teria in the study group (E. coli, K. pneumoniae,
P. mirabilis, E. faecalis, S. mitis, S. aureus), consti-
tuting 74.5% of all identified microorganisms, is
presented in FIGURE 3.

DISCUSSION  Our research confirmed that low-
er UTIs are diagnosed much more frequently in
women than in men (84.3% women, 15.7% men),
and in the elderly."

The most common pathogen identified in
the study population was E. coli, constituting
39.6% of all found bmicroorganisms, which is
less common than reported in other studies; how-
ever, the analyzed UCs were taken mainly from
patients with recurrent UTL. Stefaniuk et al,'? in
a multicenter analysis conducted in the Polish



M Enterococcus faecalis, 110 (27%)

W Streptococcus mitis, 60 (14.7%)

W Staphylococcus aureus, 58 (14.2%)

W Staphylococcus epidermidis, 38 (9.3%)

W Corynebacterium urealyticum, 36 (8.8%)

W Streptococcus agalactiae, 31 (7.6%)

W Streptococcus anginosus, 25 (6.1%)

W Staphylococcus hominis, 12 (2.9%)

M Enterococcus faecium, 6 (1.5%)

W Staphylococcus haemolyticus, 5 (1.2%)

W Streptococcus sanguinis, 4 (1%)

W Staphylococcus saprophyticus, 4 (1%)

W Staphylococcus simulans, 3 (0.7%)

W Streptococcus parasanguinis, 2 (0.5%)

W Corynebacterium pseudodiphtheriticum, 2 (0.5%)

W Staphylococcus lugdunensis, 2 (0.5%)

W Streptococcus constellatus, 2 (0.5%)

W Streptococcus gordonii, 2 (0.5%)

W Streptococcus gallolyticus, 1 (0.3%)

W Streptococcus uberis, 1 (0.3%)
Streptococcus intermedius, 1 (0.3%)

W Streptococcus bovis, 1 (0.3%)
Streptococcus ovis, 1 (0.3%)
Corynebacterium amycolatum, 1 (0.3%)

FIGURE 2 Gram-positive bacterial species in the study population (24 species)

TABLE 3  Antibiotic susceptibility of the most frequent gram-negative bacteria
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Escherichia ~Total 387 989 943 705 447 965 823 907 601 955 855 100 100 53.4
coli Non—ESBL 352  99.1 966 753 497 981 905 996 652 971 864 100 100 555
producing
ESBL producing 35 971 706 229 0O 824 0 179 86 80 771 100 100 324
Klebsiella Total 63 952 905 54 0 672 597 722 452 238 23 100 100 50.8
pneumoniae Non ESBL 44 977 95 75 0 81 86.1 100 651 262 O 100 100 68.2
producing
ESBLproducing 19 895 79 53 0 369 0 0 0 177 10 100 100 105
Proteus Total 50 100 674 88 469 100 94 923 50 359 O 100 100 36
mirabilis Non-ESBL 47 100 721 936 517 100 100 100 532 368 O 100 100 383
producing

Data are presented as percentage unless otherwise indicated.

Abbreviations: ESBL, extended-spectrum B-lactamases

from Russia, 49.1%."* Other identified bacteria in
our population were E. faecalis (11.3%), K. pneu-
moniae (6.4%), S. mitis (6.1%), S. aureus (5.9%),

population in 2013, found that E. coli was respon-
sible for 71.4% of all UTIs. In a California study,
where the etiology of UTIs from 2008 to 2017

was analyzed, E. coli was the cause of UTIs ac-
quired outside hospital in 70%,"* and in a study
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and P. mirabilis (5.1%), which are also mentioned
in other reports as common causes of UTIs, '
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TABLE 4  Antibiotic susceptibility of the most frequent gram-positive bacteria

Amoxicillin/ clavulanic acid
Piperacillin/tazobactam
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Enterococcus Total 110 4.2 0 100 80 100 100 O 6.8 643 973 1.1 100 100 100
faecalis
Without 79 59 0 100 80 100 100 O 8.2 7178 100 O 100 100 100
HLAR
With 31 0 0 100 NE 100 100 O 37 40 903 4 100 100 100
HLAR
Streptococcus mitis 60 NE 0 100 NE 968 NE 983 0 617 0 0 NE 100 100
Staphylococcus  Total 58 80 821 NE 75 NE NE 76 68.4 659 58.2 NE 100 100
aureus
MSSA 4 913 907 NE 100 NE NE 100 861 813 0 69.1 NE 100 100
MRSA 14 429 539 NE 0 NE NE 0 143 1.1 0 231 NE 100 100

Data are presented as percentage unless otherwise indicated.

Abbreviations: HLAR, high-level aminoglycoside resistance; NE, not estimated; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-
-sensitive Staphylococcus aureus
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TABLE 5 Susceptibility of the most common bacteria in recurrent lower urinary tract infections to the most
frequently used antibiotics, including those recommended as the first-line treatment
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Escherichia coli 387 (39.6) NE 70.5 82.3 60.1 95.5 85.5 53.4
Enterococcus faecalis 110(11.3) 100 80 0 6.8 NE 97.3 1.1
Klebsiella pneumoniae 63 (6.4) NE 54 59.7 45.2 23.7 2.3 50.8
Streptococcus mitis 60 (6.1) 100 NE 98.3 0 NE 0 0
Staphylococcus aureus 58 (5.9) NE 75 75.9 68.4 NE 0 58.2
Proteus mirabilis 50 (5.1) NE 88 94 50 35.9 0 36

Data are presented as percentage unless otherwise indicated.

a The number of identified samples and their percentage distribution

Abbreviations: see TABLE 4

but with variable frequency. The percentage dis-
tribution of the most frequent microorganisms
causing UTIs differs depending on the study pop-
ulation; however, in all studies, a significant nu-
merical superiority of gram-negative over gram-
-positive species is emphasized.'?

According to the guidelines, in case of an un-
complicated UTI, chemotherapeutics are rec-
ommended as the first-line treatment. These
are, for example, nitrofurantoin, cotrimoxa-
zole, trimethoprim, fosfomycin or alternative-
ly fluoroquinolones.” Our analysis showed that
bacteria that are the most common etiological
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factors of recurrent UTI demonstrate signif-
icant resistance to the abovementioned sub-
stances, which is also confirmed in other Eu-
ropean analyses, for example, in one conduct-
ed in Spain,'® and another in Switzerland." In
our study, E. coli was characterized by as much
as 39.9% resistance to ciprofloxacin and 46.6%
to trimethoprim / sulfamethoxazole. Both these
chemotherapeutics are among substances most
frequently prescribed by GPs in the treatment
of UTI, including recurrent UTI, not only in Po-
land.?® A Polish study published in 2016 pres-
ents the susceptibility of E. coli to ciprofloxacin



FIGURE 3  Susceptibility
of the most frequent
bacteria (constituting
74.5% of all identified
microorganisms) to
particular antibiotics

in 65.8% and to trimethoprim /sulfamethoxa-
zole in 65.1% of cases.'? In Spain, in years 2003
to 2004, it was shown to be as much as 81.4%
and 74.1%?”' and in the earlier mentioned stud-
ies 73.8%, 76.1%'® and 88.9%, 85.7%,'’ respec-
tively. Our results confirm a constantly growing
resistance of bacteria to the frequently used che-
motherapeutics. Perhaps the higher percentage
of resistance to fluoroquinolones noted in our
population is due to the fact that the antibiot-
ic susceptibility was assessed several years later
than in the cited studies, and most of our pop-
ulation had specifically recurrent UTI, having
probably already undergone a course of antibi-
otic therapy in the past.'?' Of note, ciproflox-
acin, trimethoprim/ sulfamethoxazole, amox-
icillin, amoxicillin with clavulanic acid and ce-
furoxime are on the list of the most frequent-
ly used antibacterial medications due to differ-
ent indications including community-acquired
respiratory tract infections in 2014 in Poland.??
It may partly account for such a high resistance
of bacteria to this chemotherapeutics causing
UTI in our population. Noteworthy in our stud-
ied group is high susceptibility of E. coli to fosfo-
mycin 95.5% and nitrofurantoin 85.5%, which
is also highlighted in other publications.® %32
Such high susceptibility of E. coli to nitrofuran-
toin in Poland may be due to the fact that the sub-
stance is not available and another substance, fu-
razidinum, having similar properties and belong-
ing to the group of nitrofurans, is in common use.
However, a study performed in Switzerland in
years 2009 to 2015 also revealed significant effec-
tiveness of nitrofurantoin in the treatment of low-
er UT], including recurrent UTI, although this sub-
stance is available and often prescribed by GPs.?®
Despite high susceptibility of E. coli to nitrofu-
rantoin and fosfomycin, these substances pres-
ent low efficacy against other pathogens, espe-
cially gram-positive bacteria, which cause UTIs
(they were the cause of UTIs in our population in
42% of cases). In our study, most frequent gram-
-positive bacteria (S. mitis, S. aureus, with excep-
tion of E. faecalis, which showed 97.3% suscepti-
bility) were resistant to nitrofurantoin in every
case, while resistance to fosfomycin was not es-
timated at all. Cefuroxime, an antibiotic available
in oral form, proved to be highly effective both
against gram-negative and gram-positive bac-
teria. However, it is not on the list of substanc-
es recommended as the first-line treatment in

Susceptibility, %
N P =1
o o o o

uncomplicated UTI. Its effectiveness against 6
of the most frequent bacterial species (consti-
tuting 74.5% of all identified bacteria) was esti-
mated as 77%. E. coli showed 82.3% susceptibili-
ty to cefuroxime in our analysis and 90.1% in an-
other study.'?

After analyzing all our microbiological UCs,
high susceptibility of microorganisms to intra-
venous antibiotics was observed. E. coli showed
100% susceptibility to carbapenems (imipenem
and meropenem), 98.9% to amikacin, 96.5% to
piperacillin with tazobactam and 94.3% to genta-
micin, and E. faecalis showed 100% susceptibility
to ampicillin, imipenem, linezolid, and vancomy-
cin. However, it is likely that such high suscepti-
bility of bacteria causing recurrent lower UTI may
be due to the fact that in such infections intra-
venous antibiotic therapy is practically not used
and reserved for more severe systemic infections,
and oral treatment is preferred. The high suscep-
tibility of pathogens to aminoglycosides should
be emphasized. It may result from the fact that
due to their nephrotoxicity, it is currently a very
rarely recommended class of drugs.

Another issue mentioned in many studies?®-?°
is a growing prevalence of pathogens belonging
to particularly resistant strains, which renders
effective antibiotic therapy of UTI very difficult.
As suggested in a study published in 2019, poten-
tial risk factors of infection with ESBL-producing
strains may be: antibiotic therapy or previous hos-
pitalization during the last 3 months, history of
recurrent UTIs, or abnormalities in the struc-
ture and functioning of the kidneys.*’ In the an-
alyzed UCs, ESBL-producing E. coli represented
9% of all cases of a given species, ESBL-producing
K. pneumoniae 30.2%, ESBL-producing P. mirabi-
lis 6%. ESBL-producing E. coli showed lower sus-
ceptibility to nitrofurantoin (77.1%) and fosfomy-
cin (80%) compared with non-ESBL-producing
(86.4% and 97.1%, respectively). ESBL-producing
K. pneumoniae was sensitive to nitrofurantoin only
in 10% of cases and to fosfomycin in 17.7%. That
is not compatible with the results from a study
from England in years 2015 to 2017, where over
95% of ESBL-producing Enterobacteriaceae were
susceptible to nitrofurantoin and fosfomycin.?
In another study published in 2019, no signifi-
cant difference was observed in the treatment
of UTI caused by ESBL-producing pathogens
with antibiotics from the carbapenem group or
other groups;?” however, in our analysis, those
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microorganisms showed 100% susceptibility es-
pecially to carbapenems (imipenem and meropen-
em). These bacteria were susceptible to an old an-
tibiotic, amikacin (ESBL-producing E coli, 97.1%;
ESBL-producing K. pneumoniae, 89.5%), less often
they were sensitive to oral preparations, amox-
icillin with clavulanic acid (22.9% and 5.3%, re-
spectively), cotrimoxazole (32.4% and 10.5%,
respectively) and demonstrated no susceptibil-
ity to cefuroxime.

The kidney function in our patients was nor-
mal with median (IQR) eGFR of 56.6 (40.2—
81.3) ml/min/1.73 m? and with median CRP val-
ue of 3.2 (1.5-7.0) mg/], slightly exceeding the
reference range (<5 mg/1).

Our study has some limitations. First of all,
this is a retrospective study and the assessment
was carried out based on medical documenta-
tion, including the patient’s medical history,
laboratory results with UCs, results of imag-
ing examinations, on the basis of which UTIs
were qualified as complicated / uncomplicated.
We cannot give reliable treatment results since
the patients were treated by different nephrolo-
gists, and outpatients follow-up visits were per-
formed at different time schedules, and some-
times patients were recommended to attend
a follow-up at a GP.

In conclusion, the analysis showed that bacte-
ria that are the most common causes of recurrent
lower UTIs are characterized by significant resis-
tance to the antimicrobial therapy most common-
ly used and recommended as the first-line treat-
ment: fluoroquinolones and trimethoprim / sul-
famethoxazole. It seems that the first choice in
treatment of lower UTIs should be: fosfomycin,
nitrofurantoin, or cefuroxime. It is advisable to
conduct local analyses of changing etiology and
antibiotic susceptibility of microorganisms caus-
ing UTIs and to accordingly modify the recom-
mendations regarding the implementation of
empiric treatment depending on the results ob-
tained in a given population.
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