ORIGINAL ARTICLES

ETIOLOGICAL SPECTRUM AND ANTIMICROBIAL
RESISTANCE OF THE MOST FREQUENTLY ISOLATED
PATHOGENS, ASSOCIATED WITH URINARY TRACT
INFECTIONS IN AMBULATORY PATIENTS

Victoria Snegarova-Toneva'?, Neli Ermenlieva', Denis Niyazi’, Miroslava Miroshnikova*,
Stoyan Stoyanov*, Temenuga Stoeva'?

'Department of Microbiology and Virusology, Faculty of Medicine, Medical University of Varna
’Medical Diagnostic Laboratory Laborexpress 2000 Ltd, Varna
*Microbiology Laboratory, St. Marina University Hospital, Varna
‘Student, Faculty of Medicine, Medical University of Varna

ABSTRACT

INTRODUCTION: Urinary tract infections (UTIs) are among the most common infections both in the com-
munity and in the hospital setting.

AIM: The aim of this study is to investigate the etiological spectrum and antimicrobial resistance of most fre-
quently isolated pathogens, associated with UTIs in ambulatory patients in Varna city, Bulgaria during a sev-
en-month period (October 2020-April 2021).

MATERIALS AND METHODS: A total of 1600 urine samples, collected from patients with suspected UTIs
were tested. Screening for bacterial growth was done by HM&L Uroquattro instrument (ALIFAX, Italy). Spe-
cies identification and antimicrobial susceptibility testing were performed by VITEK 2 Compact System (bioM-
erieux) and Kirby-Bauer disk diffusion method.

RESULTS: E. coli was the most commonly isolated uropathogen regardless of the age group (48%, n=61), fol-
lowed by Enterococcus faecalis (33%, n=42) and other representatives of order Enterobacterales (13.3%, n=18).
The resistance rates in the group of Gram-negative isolates (n=79) in decreasing order were as follows: ampicil-
lin, 64.5% > trimethoprim/sulfamethoxazole, 36% > ciprofloxacin, 29.1% > amoxicillin-clavulanic acid, 27.8%
> cefuroxime, levofloxacin, 21.5% > fosfomycin, 13.1% > ceftriaxone, 12.6% > ceftazidime, 10.1% > gentami-
cin, nitrofurantoin, 6.5% > nitroxoline, 4.9%. The resistance rates among the isolates of E. faecalis (n=42) were
as follows: ciprofloxacin, 28.6% > gentamicin, 23.8% > levofloxacin, 19% > nitrofurantoin, 4.7% > amoxicil-
lin, 2.4%. No resistance to meropenem, amikacin, vancomycin, and teicoplanin was found in the studied col-
lection of isolates (n=127).

CONCLUSION: The etiological spectrum of UTIs in ambulatory patients was dominated by E. coli, followed by
E. faecalis. In the group of Gram-negative uropathogens, high resistance rates to ampicillin, trimethoprim/sul-
famethoxazole and quinolones were detected. Third-generation cephalosporins, fosfomycin, nitrofurantoin

and nitroxoline retained very good activity. Among
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INTRODUCTION

Urinary tract infections (UTIs) are among the
most common infections both in the communi-
ty and in the hospital setting. Regardless of the age
group, the most important pathogen of UTIs is Esch-
erichia coli, followed by other representatives of order
Enterobacterales (Proteus spp., Klebsiella spp., etc.),
Enterococcus spp., and Staphylococcus saprophyticus
(1). Adult women are 30 times more likely to develop
a UTI than men, with almost half of them experienc-
ing at least one episode of UTI during their lifetime
(2, 3). Nowadays UTIs caused by multiple-drug resis-
tant Gram-negative bacteria are a growing concern
due to limited therapeutic options. These organisms
easily acquire genes that encode a variety of antibi-
otic resistance mechanisms, including production of
extended-spectrum beta-lactamases (ESBLs), AmpC
B-lactamases, and carbapenemases (4). The assess-
ment of a patient’s previous urinary pathogen and
susceptibility profile is essential in selecting appro-
priate empiric antibiotic therapy.

AIM

The aim of this study is to investigate the eti-
ological spectrum and antimicrobial resistance of
most frequently isolated pathogens, associated with
community-acquired UTIs in Varna city, Bulgaria
during a seven-month period (October 2020-April
2021).

MATERIAL AND METHODS

A total of 1600 urine samples, collected pro-
spectively from ambulatory patients with symptoms
of UTI were studied. The following diagnostic cri-
teria for UTIs were used: a microbial count of >210°
CFU/mL for clean catch midstream samples or any
bacterial growth of a single pathogen for urine sam-
ples collected from patients with urethral catheter-
ization. Gram microscopy was directly performed
from the Uro-Quick screening broth of all positive
samples after screening on HM&L instrument (Ali-
fax, Italy). Bacterial isolates were identified using
routine biochemical identification and were con-
tirmed by VITEK (bioMérieux, France). Antimi-
crobial susceptibility testing to set of antimicrobial
agents (ampicillin, amoxicillin-clavulanic acid, cefu-
roxime, ceftriaxone, ceftazidime, trimethoprim/sul-
famethoxazole, ciprofloxacin, levofloxacin, genta-

micin, amikacin, meropenem, imipenem) was per-
formed by VITEK 2 Compact System (bioMerieux)
and for fosfomycin, nitroxoline and nitrofurantoin
by Kirby-Bauer disk diffusion method. The results
were interpreted according to EUCAST Guidelines
2021 (Version 11). The detection of extended-spec-
trum beta-lactamase production (ESBL) was done by
the double-disk synergy test (DDST) using amoxicil-
lin/clavulanic acid (20/10 ug), ceftriaxone (30 ug) and
ceftazidime (30 pg) discs (MAST group, UK) accord-
ing to EUCAST Guidelines 2021._

The study was approved by the Ethical Com-
mittee of the Medical University of Varna (protocol
No. 92/02.04.2020).

RESULTS

A total of 127 urine samples (7.9%) were posi-
tive for bacterial growth by HM&L. From these sam-
ples, 127 bacterial pathogens were isolated: Gram-
negative bacteria were found in 62.2% (n = 79) and
Gram-positive—in 37.8% (n=48). E. coli was the pre-
dominant species, associated with UTIs in the stud-
ied patient group (77%, n = 61). Other representatives
of order Enterobacterales were also identified: Kleb-
siella spp. (n =7, 8.9%); Enterobacter cloacae com-
plex (n=4,5%); Proteus spp. (n =3, 3.7%); Citrobacter
spp. (n=1, 1.26%); Morganella morganii (n=1, 1.26 %)
and Serratia marcescens (n=1, 1.26%). A single isolate
of Pseudomonas aeruginosa was also detected. The
Gram-positive bacteria accounted for 37.8 % (n = 48),
with Enterococcus faecalis being the leading patho-
gen in this group (87.5%, n=42). Staphylococcus sap-
rophyticus and Streptococcus agalactiae were diag-
nosed in 8% (n=4) and 4% (n=2), respectively.

The resistance rates in the group of Gram-neg-
ative isolates in decreasing order were as follows: am-
picillin, 64.5% > trimethoprim/sulfamethoxazole,
36% > ciprofloxacin, 29.1% > amoxicillin-clavu-
lanic acid, 27.8% > cefuroxime, levofloxacin, 21.5%
> fosfomycin, 13.1% > ceftriaxone, 12.6% > ceftazi-
dime, 10.1% > gentamicin, nitrofurantoin, 6.5% > ni-
troxoline, 4.9%. No resistance was detected to ami-
kacin and carbapenems (meropenem, imipenem).
The rates of ESBL-producing isolates, confirmed by
the phenotypic DDST, were as follows: 5% in E. coli
(n=4), 2.5 % in K. pneumoniae (n=2) and Enterobac-
ter cloacae (n=2). The resistance rates of E. coli as the
dominant uropathogen are shown in Table 1.
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Table 1. Antimicrobial resistance of 66 isolates of E. coli from urine samples, obtained from ambulatory patients

with UTIs
Antimicrobial Agent Sus:e(g:)ible Resis;ag/t)(RH)
ampicillin 24 (39.34) 37 (60.6)
amoxicillin/clavulanic acid 47 (7) 14 (22.9)
cefuroxime 48 (78.7) 13 (21.1)
ceftriaxon 55(90.1) 6 (9.8)
ceftazidime 57 (93.4) 4(6.5)
ciprofloxacin 42 (68.8) 19 (31.1)
levofloxacin 44 (72.1) 17 (27.9)
trimethoprim/sulphamethoxazole 39 (63.9) 22 (36)
nitrofurantoin 57 (93.4) 4 (6.5)
5-nitroxoline 58 (95) 3(4.9)
fosfomycin 53 (86.9) 8(13.1)
gentamicin 57 (93.4) 4 (6.5)
amikacin 79 (100) 0
meropenem 79 (100) 0
imipenem 79 (100) 0

The resistance rates among the isolates of E.
faecalis (n=42) were as follows: ciprofloxacin, 28.6%
> gentamicin, 23.8% > levofloxacin, 19% > nitrofu-
rantoin, 4.7% > amoxicillin, 2.4%. Enterococcus fae-
calis isolates, demonstrating high level aminogly-
coside resistance (HLAR), were detected in 23.8%
(n=10). We did not find enterococcal isolates resis-
tant to glycopeptide antimicrobial agents (vancomy-
cin, teicoplanin).

All Staphylococcus saprophyticus isolates (n=4)
were obtained from urine samples of female patients
(median age of 23.8 years). No resistance to cipro-
floxacin, levofloxacin, and nitrofurantoin was de-
tected. Only a single isolate was methicillin and gen-
tamicin resistant.

The isolates of Streptococcus agalactiae (n=2)
showed no resistance to all tested antimicrobial
agents (amoxicillin, amoxicillin/clavulanate, cipro-
tloxacin, levofloxacin, clindamycin, erythromycin).

DISCUSSION

The major scope of this study was to investi-
gate the etiology of UTIs in ambulatory patients in
Varna city, Bulgaria and to demonstrate the trends
in antimicrobial resistance of the leading uropatho-

gens to commonly used agents in the ambulato-
ry practice. According to the reports of BULSTAR
(Bulgarian Surveillance Tracking Antimicrobial Re-
sistance), E. coli is the most commonly isolated eti-
ological agent of community-acquired UTIs in Bul-
garia, representing more than 50% of the urine iso-
lates in both genders (71% in female and 51% in male
patients). Klebsiella pneumoniae (9-14%) and Prote-
us spp. (6-11%) occupy the second and third place,
respectively (5). Our results are in concordance with
these data. We found that E. coli accounted for 77%
of all isolates, dominating as a causative agent in all
age groups.

The data regarding the Gram-positive bacteri-
al species (Staphylococcus spp., Enterococcus spp.) in
the etiological spectrum of UTIs vary significantly
between different reports because these pathogens
are very often gender-, age-, and risk factor-associ-
ated (pregnancy, catheterization, transplantation,
surgical procedures). The two clinically most im-
portant enterococcal species E. faecalis and E. faeci-
um are responsible for a minority of community-ac-
quired UTI, but both together cause between 15 and
30% of the catheter-associated UTIs and are the third
leading cause of hospital-acquired UTIs (6). In our
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study Enterococcus faecalis was identified as the most
important Gram-positive uropathogen and the sec-
ond most commonly isolated bacterial species after
E. coli. This is in contrast with the findings of the
BULSTAR system that reports Enterococcus spp. iso-
lates taking fourth place in the etiological structure
of community-acquired UTIs after E. coli, Klebsiella
spp., and Proteus spp. (5).

The activity of aminopenicillins against Gram-
negative bacteria, incl. E. coli isolates, in this study
is significantly reduced, reaching 64.5%. In compar-
ison to ampicillin, the activity of amoxicillin/clavu-
lanic acid is more preserved, but unfortunately the
resistance rates are above 20%. This agent is consid-
ered an adequate empiric treatment for UTIs in spe-
cific patient groups like children, elderly patients, or
during pregnancy. Similar to our results were report-
ed by Martinez-Casanova and Gaspari (7,8).

The cephalosporins with their broad spectrum
of activity are among the preferred and frequent-
ly used antimicrobials for treatment of UTIs, both
community- and hospital-acquired. According to
the Bulgarian Guidelines of Nephrology and Dial-
ysis, these agents are still recommended for empir-
ical treatment of UTTIs in children, elderly, as well as
for operation prophylaxis (9). We detected a relative-
ly high resistance rate to second-generation cepha-
losporins (cefuroxime) (> 20%) in E. coli. Marhova
et al. reported similar resistance rates to cefurox-
ime in urine isolates of E. coli (25%), obtained from
patients in Plovdiv region (10). A large Polish study
from 2016 detected 10% resistance to cefuroxime in
E. coli, associated with uncomplicated UTIs and 18%
in isolates from complicated infections (11). Recent
research from Romania shows 12.6% cefuroxime re-
sistance in urine isolates of E. coli (12). Other neigh-
boring countries report 36% resistance in 2018 (13).

A positive result from our study is the low rate
of third-generation cephalosporin resistance (ceftazi-
dime, cefotaxime, ceftriaxone) detected among the
representative of order Enterobacterales (10.1%) and
especially E. coli (6.5%), a result that reflects the pro-
portion of the ESBLs producers among the Gram-
negative isolates, confirmed by the DDST in all iso-
lates. The overall rate of ESBLs production among E.
coli and K. pneumoniae isolates from different stud-
ies and countries vary significantly: 25.6% in Israel

(10), 35.7% in Iran (14), 10% for USA (15), and 4.2%
for France (16). The third-generation cephalosporins
are strategic broad spectrum antimicrobial agents,
which should be restricted for use only for compli-
cated UTIs or UTIs in the hospital setting. Current-
ly, carbapenems (meropenem, imipenem) are consid-
ered the drugs of choice for treatment of infections
caused by ESBL-producing organisms (18). In our
study no carbapenem-resistant isolates from order
Enterobacterales were identified. This result can be
explained with the fact that most of the patients in-
cluded in this study were presented with communi-
ty-acquired UTIs.

Fluoroquinolones are broad-spectrum antimi-
crobial agents used for a long period of time as a pre-
ferred empiric treatment option. Nowadays they are
no longer first-line agents for uncomplicated UTIs
and are preferred for more severe and complicated
infections in order to avoid induction of bacterial re-
sistance (19). A relatively high resistance rate to flu-
oroquinolones in the major uropathogen E. coli was
detected in our study (above 25%). This is in concor-
dance with the results reported by BULSTAR regard-
ing the fluroquinolone resistance in urine isolates
during the period 2015-2020, demonstrating a trend
to increase from 16.5% to > 20.5% (5).

The combined antimicrobial agent trime-
thoprim/sulfamethoxazole is one of the recommend-
ed agents for uncomplicated UTIs as well as for pro-
phylaxis in cases of chronic UTIs. In many guide-
lines, trimethoprim/sulfamethoxazole is recom-
mended as initial therapy only if E. coli resistance to
this agent does not exceed 20% (20). In our study a
high level of trimethoprim/sulfamethoxazole resis-
tance (36%) in the leading pathogen E. coli was de-
tected, a result that demonstrates that the agent is not
an appropriate choice for empiric therapy of commu-
nity-acquired UTIs in our region.

Our study demonstrates preserved activity of
nitrofurantoin, nitroxoline, and fosfomycin against
the major uropathogens. We detected 6.5% and 4.7%
resistance to nitrofurantoin in E. coli and E. faeca-
lis, respectively, making this drug an ideal agent for
initial empiric therapy of uncomplicated communi-
ty-acquired UTIs or in cases with limited treatment
alternatives, usually associated with multidrug resis-
tant pathogens. Nitroxoline is an agent with broad
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spectrum activity against different Gram-negative
and Gram-positive bacteria, as well as yeasts. It is
recommended as one of the drugs of first choice for
therapy of uncomplicated UTIs in adults and for a
long-lasting prophylaxis of recurrent UTIs (21). In
comparison to nitrofurantoin and nitroxoline, fosfo-
mycin resistance rate in E. coli isolates is higher, but
the level is under 20%. Taking into consideration the
resistance to trimethoprim/sulfamethoxazole in our
region, fosfomycin might be a good alternative for
oral therapy of UTTIs in ambulatory patients, even in
clinical cases with limited treatment options.

The aminoglycosides gentamicin and amikacin
are among the antimicrobials of choice for parenter-
al and combined therapy of more severe or compli-
cated UTIs or infections with limited alternatives for
therapy (4,8). The synergistic effect between amino-
glycosides and B-lactams is well documented. A pos-
itive result from this study is the low level of genta-
micin resistance in the studied collection of isolates
(6.5%) and the fully preserved activity of amikacin.
In the present study a relatively high proportion of
HLAR enterococci (23.8%) was found. Such isolates
are identified predominantly in the hospital settings,
but their significance increases as many of these pa-
tients are also subjects of ambulatory care (nursing
homes, presence of post operation catheters, perma-
nent catheters).

CONCLUSION

The etiological spectrum of UTIs in Varna am-
bulatory patients was dominated by E. coli, followed
by Enterococcus faecalis. In the group of Gram-neg-
ative uropathogens, high resistance rates to ampi-
cillin, trimethoprim/sulfamethoxazole and quino-
lones were detected, but relatively low resistance rate
to third-generation cephalosporins was found. Fos-
fomycin, nitrofurantoin, and nitroxoline retained
very good activity and are adequate choice for anti-
microbial treatment of uncomplicated community-
acquired UTIs or UTIs when other alternatives are
lacking. The study highlights the importance of the
periodic surveillance of the resistance rates to most
commonly used antimicrobial agents in the ambula-
tory practice at local level to guide the empiric treat-
ment recommendations. The good medical practice
should always include microbiological examination
of the urine sample in patients with suspected UTIs

to identify the pathogen and to determine its suscep-
tibility to antimicrobial agents.

Funding: The study is part of project No. 19006
of the Science Fund and is funded by the Medical
University of Varna.
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