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Abstract
The purpose of this study is to collect information on the bacterial resistance to antibiotics of bacteria isolated from urine cultures
of patients treated for upper urinary tract calculi. Data of patients with urinary tract infection and urolithiasis were retrospectively
reviewed to collect information on age, gender, stone size, location, hydronephrosis, procedure of stone removal and antibiotic
treatment, identification and susceptibility of pathogens, symptoms, and infectious complications. A total of 912 patients from 11
centers in 7 countries (Bulgaria, Greece, Italy, North Macedonia, Spain, and Turkey) were studied. Mean age was 54 ± 16 years
and M/F ratio 322/590. Out of 946 microbial isolates, the most common were E. coli, Gram-positive, KES group (Klebsiella,
Enterobacter, Serratia), Proteus spp., and P. aeruginosa. Carbapenems, piperacillin/tazobactam and amikacin showed low
resistance rates to E. coli (2.5%, 7%, and 3.6%) and Proteus spp. (7.7%, 16%, and 7.4%), but higher rates were observed with
Klebsiella spp., P. aeruginosa, and Gram-positive. Fosfomycin had resistance rates less than 10% to E. coli, 23% to KES group,
and 19% to Gram-positive. Amoxicillin/clavulanate, cephalosporins, quinolones, and TMP/SMX showed high resistance rates to
most bacterial strains. High rates of antibiotic resistance were observed in patients candidate to stone treatment from South-
Eastern Europe. The empirical use of antibiotics with low resistance rates should be reserved to the most serious cases to avoid the
increase of multidrug resistant bacteria. Basing on our results, carbapenems, piperacillin/tazobactam, and amikacin may be a
possible option for empiric treatment of urinary stone patients showing systemic symptoms.
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Introduction

Urinary tract infections (UTI) are frequently associated with
urinary calculi, both as a complication of a metabolic stone
and as a cause by itself of an infection stone due to the forma-
tion of struvite crystals by urease-producing bacterial strains,
particularly Proteus spp. [1].

Infections associated with urinary stones may be fearsome
complications of the endourological stone removal, particular-
ly in case of prolonged increases in pressure within the urinary

tract as consequence of the use of high-pressurized irrigation
system [2–4].

For this reason, appropriate patient management is manda-
tory before the procedure to diagnose and treat pre-existing
UTI and to choose the adequate antibiotic prophylaxis. During
the procedure, intrarenal pressure and operative time should
be checked, and after surgery it is essential to have a strict
patient monitoring and a prompt intervention in case of symp-
toms or signs of infection.

Knowledge of the local and hospital microbiological flora
is extremely useful for planning adequate post-operative em-
pirical treatment when the results of the microbiological
assessment are not available. In fact, bacterial spectra
and resistance patterns could change in different coun-
tries as a consequence of local policy on antibiotic man-
agement [5].
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The aim of this study was to investigate the bacterial spec-
trum and antibiotic resistance and sensitivity of uro-pathogens
in patients candidate to upper urinary tract calculi treatment.

Materials and methods

We retrospectively evaluated adult patients (> 18 years) with a
diagnosis of upper tract urinary stones and a positive mid-
stream urine (MSU) culture for bacterial (or fungal) infection
treated in South-Eastern Europe from January 2018 to
July 2019.

A collaboration between members of the South-Eastern
Group for Urolithiasis Research was established.

All patients underwent an MSU culture 1–2 weeks preop-
eratively. Antibiotic prophylaxis was administered basing on
susceptibility test and accordingly to the guidelines of each
institution or to European Association of Urology (EAU)
guidelines.

For patients with symptoms of systemic inflammatory re-
sponse syndrome (SIRS) such as fever or hypothermia, leu-
kocytosis or leukopenia, tachycardia and tachypnoea, and in-
creased Sequential Organ Failure Assessment (SOFA) score,
two sets of blood samples were collected for microbiological
investigations [6].

We analyzed the following: age, gender, stone size (de-
fined as the maximum diameter on CT scan), stone location
(kidney or ureter), presence of hydronephrosis, staghorn
(when involved the renal pelvis and extended into at least 2
calyces), procedure planned (percutaneous nephrolithotomy,
retrograde intrarenal surgery, ureteroscopy and extracorporeal
shock wave lithotripsy), stone composition, presence of UTI
symptoms, antibiotic treatment, infectious complications
(none, fever, SIRS, sepsis), pathogen isolated by MSU cul-
ture, fungi, presence of extended-spectrum β-lactamases
(ESBL), and susceptibility to antibiotics tested.

All urines were analyzed in the laboratories of the
recruiting centers according to their microbiological stan-
dards. According to the guidelines of EAU, bacteriuria was
considered significant for counts > 105 cfu/mL and > 104 cfu/
mL, in the midstream urine (MSU) of women and men, re-
spectively [7, 8].

An isolate was considered resistant to an antimicrobial
agent in accordance with the EUCAST breakpoints although
other clinical breakpoint criteria used by the local laboratory
were accepted for the study [9]. Intermediate and resistant
isolates were grouped together during the analysis.

Each laboratory tested the sensitivity of different antibiotic
panels in accordance with the usual routine based on local
experience and epidemiology. Consequently, not all the antibi-
otics were tested against all the strains cultured. Most laborato-
ries tested sensitivity to aminoglycosides, fluoroquinolones,
cephalosporins, aminopenicillins, piperacillin/tazobactam,

fosfomycin, trimethoprim/sulfamethoxazole (TMP/SMX), and
nitrofurantoin. For Gram-positive strains, sensitivity for peni-
cillin G, penicillin-resistant (methicillin, oxacillin), glycopep-
tides (vancomycin, teicoplanin), lincosamides (clindamycin),
macrolides (erythromycin), and rifampicin has also been tested.
In most cases, data about extended-spectrum beta-lactamase
(ESBL) production were available, while few data were pro-
vided for carbapenemase-producing Enterobacteriaceae (CPE).

Data were mailed from each recruiting center to the coor-
dinating center as Excel files containing consecutively num-
bered anonymized data from each patient. Each center
retained the list of the corresponding names of the participants
in their own original files at their institution.

This study was performed in line with the principles of the
Declaration of Helsinki. Ethical approval was not required
considering the retrospective nature of the study.

Statistics

Age and stone size were expressed as mean ± standard devi-
ation. Differences between groups were assessed by Student’s
independent t-test.

Male to female ratios in the series from different countries
were computed, and chi-square test was used to assess the
significance of associations.

Rates of different pathogens were assessed, and resistances
to various antibiotics for each pathogen were calculated. Rate
of occurrence for different pathogens were reported as contin-
gency tables in relation to age class, gender, country, stone
location, presence of hydronephrosis or staghorn, type of pro-
cedure, and complications. Chi-square was used to test the
significance of associations.

Statistical analyses were performed using IBM SPSS ver-
sion 11.5 (SPSS, Chicago, Illinois). Significance was assumed
at the 0.05 level.

Results

A total of 912 patients from 11 centers in 7 countries
(Bulgaria = 22, Greece = 195, Italy = 41, North Macedonia =
27, Romania = 152, Spain = 257, and Turkey = 218) were in-
cluded in the study.

Table 1 depicts peri-operative variables of patients and
stone’s characteristics.

Overall, 455 patients were asymptomatic, and 457 were
symptomatic for UTI.

Age and M/F ratio

Mean age was 54 ± 16 years and the M/F ratio 322/590. Mean
ages were significantly different among countries (p < 0.001).
The mean age in Greece (58 ± 15 years) and in Spain (57 ± 17)
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was higher than in Romania (49 ± 16) (p < 0.001) and in
Turkey (51 ± 16) (p < 0.001). M/F ratios were not different
in Bulgaria (6/16), Greece (45/150), Italy (20/21), North
Macedonia (13/14), Romania (69/83), Spain (85/172), and
Turkey (84/134).

Stone size and hydronephrosis

Mean stone size was 18 ± 15mm. Stone size was significantly
different among countries (p < 0.001). Stones observed in
Greece (23 ± 19) and Spain (22 ± 18) were significantly larger
than those observed in Italy (14 ± 8) (p = 0.017 and p = 0.028),
in North Macedonia (13 ± 6) (p = 0.028 and p = 0.043), in
Romania (10 ± 5) (p < 0.001 and p < 0.001), and in Turkey
(16 ± 9) (p < 0.001 and p < 0.001). Stones observed in
Romania were the smallest, being smaller even of those ob-
served in Turkey and Bulgaria (p = 0.001 and p < 0.001).

Rates of staghorn stones were different (p < 0.001) with higher
incidence in Bulgaria, Italy, Spain, Macedonia, Romania, and
Greece.

Rates of hydronephrosis were different among the coun-
tries (p < 0.001).

In a subgroup of 328 patients, information on stone com-
position (infrared spectroscopy) were available. Calcium ox-
alate stones were the most frequent (n = 173, 53%): calcium
oxalate monohydrate (n = 88), calcium oxalate dihydrate (n =
23), and calcium oxalate mono/dihydrate (n = 62), followed
by carbonate apatite stones (n = 57, 17%), struvite (n = 45,
14%) or mixed struvite/calcium phosphate (n = 5, 1.5%) or
struvite/calcium oxalate (n = 5, 1.5%), uric acid or mixed
calcium oxalate/uric acid (n = 25, 8%), cystine (n = 15, 5%),
and brushite (n = 3, 1%). Staghorn stones (n = 93) were main-
ly “infection stones” composed of struvite (34.4%) or carbon-
ate apatite (26.9%) or mixed struvite/carbapatite (3.2%) or

Table 1 Peri-operative variables of patients and stone’s characteristics

Variable Bulgaria Greece Italy Macedonia Romania Spain Turkey Total

Patients N° 22 195 41 27 152 257 218 912

M/F 6/16 45/150 20/21 13/14 69/83 85/172 84/134 322/590

Mean age (years) ± SD 55 ± 9 58 ± 15 57 ± 16 52 ± 13 49 ± 16 57 ± 17 51 ± 16 54 ± 16

Mean maximum stone diameter (mm) ± SD 25.4 ± 15.4 23 ± 19 14 ± 8 13 ± 6 10 ± 5 22 ± 18 16 ± 9 18 ± 15

Stone location (%)

- Ureter
- Kidney
- Multiple stones

13.6
68.2
18.2

25.1
45.1
29.8

14.2
42.9
42.9

37
63
0

63.2
36.2
0.6

30.6
49.6
19.8

33.5
48.2
18.3

34.6
46.6
18.8

Hydronephrosis (%)

- No
- Yes

63.6
36.4

40
60

59.5
40.5

33.3
66.7

52.6
47.4

66.7
33.3

21.6
78.4

46.5
53.5

Staghorn (%)

- No 68.2 82.1 71.4 81.5 81.5 74 95.9 84.9

- Yes 31.8 17.9 28.6 18.5 18.5 26 4.1 15.1

Procedure (%)

- URS 13.6 38.5 16.7 40.7 78.3 29.1 35.8 40.3

- RIRS 9.1 29.7 38.1 18.5 19.1 30.6 35.8 29.2

- PCNL 77.3 29.7 42.8 26 2.6 31.8 28.4 27.1

- ECIRS 0 0 2.4 0 0 8.5 0 2.5

- ESWL 0 2.1 0 14.8 0 0 0 0.9

UTI symptoms (%)

- No 81.8 50.3 50 29.6 11.8 49.6 75.7 49.9

- Yes 18.2 49.7 50 70.4 88.2 50.4 24.3 50.1

Infectious complications (%)

- None 95.5 58.6 66.7 37 83.6 81 85.8 76.3

- Fever 4.5 19.4 21.4 63 9.9 8.5 8.7 13.2

- SIRS 0 4.7 7.1 0 5.9 3.9 5 4.6

- Sepsis 0 17.3 4.8 0 0.6 6.6 0.5 5.9

SD standard deviation, URS ureteroscopy, RIRS retrograde intrarenal surgery, PCNL percutaneous nephrolithotomy, ECIRS endoscopic combined
intrarenal surgery, ESWL extracorporeal shock wave lithotripsy, SIRS systemic inflammatory response syndrome
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struvite/calcium oxalate (5.4%), although in some cases they
were also composed of calcium oxalate (18.3%) or uric acid or
mixed calcium oxalate/uric acid (8.6%) or cystine (3.2%).

Bacterial spectrum

Out of 946 microbial isolates, the most common were
Escherichia coli (41.3%) followed by Gram-positive bacteria
(25.1%), KES (Klebsiella spp., Enterobacter spp., Serratia
spp.) (14.2%), Proteus spp. (11.7%), and Pseudomonas
aeruginosa (4.1%). These bacteria accounted for the 96.4%
of the total flora. The uro-pathogens in the Gram-positive group
were Enterococcus faecalis (14.9%, 141/946), Enterococcus
faecium (0.5%, 5/946), Staphylococcus aureus (2.0%, 19/
946), coagulase-negative staphylococci (4.7%, 45/946),
Streptococcus agalactiae (1%, 10/946), other streptococci
(0.8%, 8/946), and other rare Gram-positive (1.0%, 10/946).

Fungi represented less than 1% of isolates, although they
were not extensively searched in all centers.

In Fig. 1 numbers of different microbial isolates divided by
gender, age class and country are shown. Rates of different
pathogens were different by gender (p = 0.009), age class (p =
0.041), and country (p < 0.001) but not by stone location (p >
0.05) and type of procedure (p > 0.05). Particularly, E. coli
and Proteus spp. were more frequent in women, whereas
Gram-positive in men. Proteus spp. was more frequent
(19%) and E. coli (33%) less frequent in younger patients.
E. coli dominated in all South-Eastern countries. The highest
rates of E. coli were observed in North Macedonia (62%) and
Bulgaria (54%). The lowest rate of E. coli was reported in
Spain (34%), where the highest rates of Proteus spp. (18%),
KES group (19%), and Gram-positive (31%) were observed.
Proteus spp. were also frequent in Greece (15%) and Romania
(14%), whereas Gram-positive rates were high in Bulgaria
(27%), Greece (25%), Romania (24%), and Turkey (26%).

E. coli infections were more frequently associated with
stones < 10mm (42%) andwith the presence of hydronephrosis
(62%), while they were less frequent in staghorn stones (12%).
Proteus spp. and fungal infections were related to stones larger
than 2 cm (49% and 50%, respectively), especially staghorn
stones (42 and 43%, respectively), although the number of
cases of fungal infections was very low.

Extended-spectrum β-lactamases were detected in 12.1%
of cases; ESBL producers were mostly E. coli (81%) and
K. pneumoniae (11%). ESBL production has not been tested
in some countries. For this reason, the overall rate of ESBL is
lower than previously reported (10). If these countries are
excluded from the assessment, the ESBL rate is similar to
those previously reported (16.3%). In 28 cases data about
CPE were available, where all are negative.

Blood cultures were collected in 138 patients. They were
negative in 90 cases. Blood cultures confirmed urine microbi-
ology in 39 patients (E. coli = 13, Proteus mirabilis = 6,

K. pneumoniae = 5, K. oxytoca = 1, P. aeruginosa = 2,
E. faecalis = 6, E. faecium = 5, Acinetobacter baumannii =
1). In 2 cases blood culture confirmed urine microbiology plus
an adjunctive pathogen (E. coli plus K. pneumoniae = 1,
E. faecalis plus E. coli = 1).

In 7 cases urine culture was different from blood culture
(E. coli vs P. aeruginosa, E. coli vs E. faecalis, E. coli vs
S. hominis, E. faecium vs P. mirabilis, E. faecalis vs
S. cohnii, and mixed flora vs E. coli (n = 2)).

Resistance to antibiotics

Table 2 shows resistance rates of different pathogens to vari-
ous antibiotics. Overall, relatively high resistance rates to
quinolones, cephalosporins, and TMP/SMX were observed.
Carbapenems, piperacillin/tazobactam, amikacin, and
fosfomycin showed resistance rates lower than 10% to
E. coli. Carbapenems and amikacin confirmed low resistance
rate to Proteus spp., although higher resistance rates were
observed to KES bacteria and Pseudomonas aeruginosa.
Nitrofurantoin showed in vitro resistance rates lower than
10% to E. coli and lower than 20% to Gram-positive, but
higher rates to other bacterial strains.

Resistance rates of Klebsiella spp. and Pseudomonas
aeruginosa were high toward all antibiotics. Fosfomycin re-
sistance rates were less than 10% to E. coli, 19% to Gram-
positive, and 23% to KES group. Sensitivity to methicillin
was measured in a limited sample of patients demonstrating
a resistance rate of 56% (14/25) in staphylococci. In another
group, testing of sensitivity to oxacillin showed a similar re-
sistance rate of 61% (8/13). Glycopeptides still have low re-
sistance rates for both staphylococci and streptococci. No re-
sistance to vancomycin was reported for staphylococci (0/35),
streptococci (0/9), and other Gram-positive strain (0/2).
Resistance rate to teicoplanin was 7% (3/39) for staphylococci
and 16% (1/6) for streptococci, whereas no resistance was
observed for other Gram-positive strains (0/2).

Resistance rates of staphylococci and streptococci to TMP/
SMX were 9/40 and 2/3, respectively. Higher resistance rates
of staphylococci were observed for erythromycin (44%, 13/
29), rifampicin (10%, 3/30), and clindamycin (34%, 10/29).
For streptococci, resistance rates were 2/5 for erythromycin,
1/3 for rifampicin, and 4/6 for clindamycin.

Enterococci showed high resistance rates for ampicillin
(51%, 58/112), TMP/SMX (43%, 32/73), clindamycin
(41%, 26/62), erythromycin (96%, 55/57), rifampicin (86%,
45/52), and penicillin G (85%, 40/47).

Lower resistance rates were observed for amoxicillin/
clavulanate (17%, 16/93), ampicillin/sulbactam (19%, 14/
73), vancomycin (11%, 11/94), teicoplanin (11%, 10/85),
and nitrofurantoin (14%, 12/84).

In Table 3 total resistance rate of the most frequent uro-
pathogens to different antibiotics in different countries is
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presented. Resistance rates were different by countries for
amoxicillin/clavulanate (p < 0.001), cephalosporins (p <
0.001), fluoroquinolones (p = 0.017), aminoglycosides (p =
0.001), fosfomycin (p < 0.001), TMP/SMX (p < 0.001), and
nitrofurantoin (p = 0.001). Higher resistance rates to
amoxicillin/clavulanate (55%), fluoroquinolones (56%), ami-
noglycosides (55%), and fosfomycin (58%) were reported in
North Macedonia; to piperacillin/tazobactam (50%),

cephalospor ins (30%), carbapenems (33%), and
nitrofurantoin (33%) in Spain; and to TMP/SMX (56%) in
Turkey.

Antibiotic treatment

Infections were treated with a wide range of antibiotics.
Single-agent treatments were performed in the 75.5% of the
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Fig. 1 Numbers of different uro-pathogens overall and divided by gender, age class, and country
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cases. The most used antibiotics were as follows: cephalospo-
rins (23.8%), quinolones (21.4%), amoxicillin-clavulanate
(13%), ampicillin-sulbactam (3.7%), carbapenems (3.4%),
piperacillin-tazobactam (2.8%), aminoglycosides (2.2%),
and other antibiotics (2.4%). Treatments with association of
two antibiotics were frequent as follows: cephalosporin + ami-
noglycoside (7.1%), fluoroquinolone + aminoglycoside
(4.6%), aminopenicillin or piperacillin + aminoglycoside
(3.1%), and carbapenems + aminoglycoside and other associ-
ations (8.5%). In the 6% of cases, three or more drugs were
employed.

Sepsis

UTI were associated with fever in 13%, systemic inflamma-
tory response syndrome in 5%, and sepsis in 6%. The highest
rate of sepsis was observed in Greece (17%), whereas inter-
mediate rates were observed in Spain (7%) and Italy (5%) and
lower rates in Bulgaria, North Macedonia, Romania, and
Turkey (0–0.6%).

Sepsis was present in 10% of Proteus spp. infections, 7%
of Gram-positive (16% of E. faecalis), 6.4% of KES group,
and 4% of E. coli. No sepsis has been related to P. aeruginosa
and fungi. On the contrary, some rare isolates such as
Acinetobacter baumannii (3/946 = 0.3%), Citrobacter koseri

(5/946 = 0.5%), and Morganella morganii (3/946 = 0.3%)
were very often associated with sepsis.

Regression analysis demonstrated that sepsis was associat-
ed with age (p = 0.005), staghorn stones (p = 0.021), and fe-
male gender (p = 0.040).

Discussion

Information on urinary tract infections associated with urinary
calculi (UCA-UTI) is limited and mostly dated. The spectrum
of bacteria involved in this setting is typical of complicated
UTI with lower rates of E. coli with respect to uncomplicated
UTI and relatively high rates of Gram-positive [11]. A pecu-
liar and historical feature of UCA-UTI is the high rate of
Proteus spp. infections that are associated with struvite stones.
However, this type of stones (and consequently Proteus spp.
infections) tends to be less frequent in more recent times. In
these last years, it has been recorded an increase in the rate of
Klebsiella spp., while the rate of P. aeruginosa seems to re-
main constant over time. Holmgren et al. [12] reported that in
a series of patients treated surgically for renal calculi, about a
third of the cases had a positive culture at the time of opera-
tion. The most common bacterial strain was E. coli (34%),
followed by Proteus spp. (28%), and the presence of infection

Table 2 Resistance rates of uro-pathogens to antibiotics

E. coli Proteus spp. P. aeruginosa Klebsiella spp. Gram-positive Total

Amoxicillin/clavulanate 81/311
26%

11/70
16%

16/18
89%

49/84
58%

18/103
17%

176/589
30%

Piperacillin/tazobactam 19/273
7%

10/62
16%

11/31
35%

28/69
41%

8/46
17%

76/481
16%

Cephalosporin 85/319
27%

18/72
25%

18/31
58%

46/84
55%

39/102
38%

208/612
34%

Quinolones 126/319
39%

22/71
31%

15/29
52%

32/89
36%

69/163
42%

267/676
39%

Aminoglycosides* 48/315
15%

13/72
18%

16/30
53%

20/85
24%

43/125
34%

143/485
29%

Amikacin 11/298
3.6%

5/67
7.4%

12/26
46%

11/83
13%

19/83
23%

60/562
11%

Gentamicin 53/313
17%

25/84
30%

15/30
50%

23/89
26%

46/129
36%

165/652
25%

Carbapenems 7/282
2.5%

5/65
7.7%

10/30
33%

19/78
24%

13/57
23%

57/516
11%

Fosfomycin 17/195
8.7%

15/40
37%

7/13
54%

13/56
23%

9/47
19%

61/353
17%

TMPSMX 72/263
27%

18/63
29%

7/12
58%

25/73
34%

46/120
38%

171/537
32%

Nitrofurantoin 16/271
5.9%

29/61
48%

9/14
64%

25/56
47%

13/95
14%

92/499
18%

ESBL+ 64/305
21%

0/69
0

4/25
16%

9/76
12%

2/157
13%

79/641
12%

*Other than amikacin and gentamicin; ESBL extended-spectrum beta-lactamase
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was more frequently associated with phosphate-containing
stones. Takeuchi et al. [13] observed the presence of urea-
splitting bacteria in patients with infection stones; while in
26% of patients with metabolic stones were detected E. coli,
Gram positive and P. aeruginosa.

Bichler et al. [14] confirmed that the most frequent isolates
in UCA-UTI were E. coli, Gram-positive, Proteus spp., and
P. aeruginosa. More recently Chen et al. [15] observed that in
a large Chinese population of patients with UCA-UTI, E. coli
was prevalent (48.7%) followed by Gram-positive (17.8%),
Klebsiella spp. (10.4%), Proteus spp. (5.2%), and
P. aeruginosa (5.1%). Similar results were reported by
Yongzhi et al. [16] who detected E. coli (52.8%),
P. aeruginosa (15%), Klebsiella pneumoniae (12%), Proteus
mirabilis (4%), and Gram-positive bacteria (5%). In our se-
ries, E. coli was even less frequent (41%), while Gram-
positive were more common (25%). The rate of Proteus spp.
infection was still relatively high in some countries such as
Greece, Romania, and Spain.

Chen et al. [15] assessed also the susceptibility to antibi-
otics of bacteria isolates from urine of patients with urinary
calculi. E. coli, K. pneumoniae, Proteus mirabilis, and
P. aeruginosa demonstrated resistance rates less than 10% to
imipenem, meropenem, amikacin, and piperacillin/tazobac-
tam. Ciprofloxacin and levofloxacin showed resistance rates

more than 60% to E. coli, 35–25% toKlebsiella spp., 30–15%
to Proteus spp., and about 20% to P. aeruginosa. Resistance
rates toGram negative of ampicillin and TMP/SMXwere very
high ranging from 43.5 to 97.8% and from 42.8 to 97.4%,
respectively. Third-generation cephalosporins showed low re-
sistance rates to Proteus spp., whereas only ceftazidime and
cefoperazone/sulbactam had low resistance rates to
P. aeruginosa. Resistance rate of E. coli to cephalosporin
tended to be relatively high.

In our study, carbapenems, piperacillin/tazobactam, and
amikacin showed low resistance rates only to E. coli and
Proteus spp., whereas higher rates were observed toward
Klebsiella spp., P. aeruginosa, and Gram-positive.
Amoxicillin/clavulanate, cephalosporins, quinolones, and
TMP/SMX showed high resistance rates for most bacterial
strains.

The observed high levels of antimicrobial resistance can be
explained by complicating factors and geographical issues. In
fact, according to the antimicrobial resistance surveillance
study in Europe [17], the South-Eastern countries (Greece,
Spain, Italy, Bulgaria, and Romania) have been observed re-
sistance rates to antimicrobials higher than in the rest of
Europe. In South-Eastern countries, E. coli showed a resis-
tance rate of 57.5–66.6% to aminopenicillins, 29.1–41.8% to
fluoroquinolones, 19.3–38.7% to third-generation

Table 3 Resistance rate of uro-pathogens to antibiotics by country

Bulgaria Greece Italy Macedonia Romania Spain Turkey Total

Amoxicillin/clavulanate 2/18
11%

40/165
24%

8/23
35%

15/27
55%

23/152
15%

5/25
20%

83/179
46%

176/589
0.001

Piperacillin/tazobactam 0/4
0%

19/147
13%

1/19
5%

6/27
22%

23/152
15%

1/2
50%

26/132
20%

76/483
NS

Cephalosporins 7/21
11%

47/159
7%

8/24 15/27 27/152 5/32 99/197 208/612
0.001

Quinolones 7/22
32%

74/191
39%

14/26
54%

15/27
56%

47/152
31%

23/48
48%

87/210
41%

267/676
0.017

Aminoglycosides* 7/22
32%

31/171
18%

9/27
33%

15/27
55%

24/152
16%

4/34
12%

53/200
27%

143/633
0.001

Amikacin 4/16 16/152 0/19 8/27 15/151 1/5 15/185 59/555
NS

Gentamicin 7/19 27/170 9/23 15/27 22/152 3/34 52/195 135/620
0.001

Carbapenems 1/4
25%

15/143
10%

2/24
8%

3/27
11%

17/152
11%

4/12
33%

15/154
10%

57/516
NS

Fosfomycin 1/9
11%

4/58
7%

3/16
19%

15/26
58%

19/152
12%

11/37
30%

8/55
15%

61/353
0.001

TMPSMX 7/16
44%

49/149
33%

8/23
35%

4/27
15%

14/152
9%

15/38
39%

74/132
56%

171/537
0.001

Nitrofurantoin 0/2
0

35/120
29%

3/20
15%

6/27
22%

14/152
9%

14/42
33%

20/136
15%

92/499
0.001

ESBL+ 0/120 15/1937.7% 7/1741% 6/6100% 0/1520 3/515.8% 48/218
22%

79/649
12.1%

*Other than amikacin and gentamicin; ESBL extended-spectrum beta-lactamase
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cephalosporins, 12.8–28.4% to aminoglycosides, and 0–1.4%
to carbapenems. Resistance rates of K. pneumoniae were
23.8–68.1% to fluoroquinolones, 25.5–77.7% to third-
generation cephalosporins, 19.3–59.2% to aminoglycosides,
and 3.8–65.9% to carbapenems; resistances of P. aeruginosa
were 10.9–49.3% to piperacillin/tazobactam, 20.1–52.3% to
fluoroquinolones, 8.6–46.7% to ceftazidime, 11.6–50.7 to
aminoglycosides, and 15.8–55.1% to carbapenems, and resis-
tance of E. faecalis to gentamycin was 12–39%.

On the other hand, resistance rates in our series tend to
overlap those observed in complicated UTI, although in some
cases they are even higher, confirming that UCA-UTI should
be considered “difficult” and “complex” due to the presence
of risk factors such as urinary obstruction and stasis and pres-
ence of foreign bodies such as catheters or the stone by itself.

In Europe, in complicated UTI, E. coli showed a resistance
rate to fluoroquinolones of about 40%, to aminoglycosides of
about 20%, and to third-generation cephalosporins of about
25% [18]. Lower rates were observed for piperacillin/
tazobactam (10%) and carbapenems (2.3%). Resistance rate
of K. pneumoniae was > 40% for most antibiotics, although
carbapenems were more active with resistance rate less than
20%. P. aeruginosa showed higher resistance rates to all the
antibiotics (31.6–49.5%) including carbapenems. Resistance
rates of Proteus spp. were high to fluoroquinolones, cephalo-
sporins, and aminoglycosides but relatively low to
piperacillin/tazobactam and carbapenems. Resistance of
Enterococcus spp. to amoxicillin-clavulanic acid was 16.7%,
to TMP/SMX 94.1%, and to nitrofurantoin 13.4%. Lower
resistance rates were observed for beta-hemolytic streptococci
and Staphylococcus aureus [19].

Similar findings were reported by other regions of
the world with a tendency to increase resistance rates
over time [10].

Data from the European cohort of a multi-state annual
prevalence study conducted in urology departments to detect
patients with hospital acquired UTI [20] demonstrated that
less than half of the single agent antibiotics were appropriate
for empirical treatment of these UTI. Appropriateness was
defined as a weighted-incidence syndromic combination
antibiogram more than 0.5. Imipenem, piperacillin/tazobac-
tam, and amikacin were > 0.5 for most years out of the 10-
year period of observation.

According to our results, carbapenems, piperacillin/tazo-
bactam, and amikacin may be a possible option for empiric
treatment of urinary stone patients showing systemic symp-
toms, although they have some weaknesses in the case of
Pseudomonas aeruginosa, Klebsiella spp. and Gram-
positive infections.

Fosfomycin has also an interesting susceptibility profile,
although it has limited activity on P. aeruginosa and
Proteus spp. The use of fosfomycin trometamol should be
limited to the treatment of infections of the lower urinary tract

due to the potential gastrointestinal side effects in prolonged
use. However, recent evidence has also shown favorable re-
sults in the treatment of upper urinary tract infections [21]. On
the other hand, sodium fosfomycin has previously been suc-
cessfully used at high intravenous doses for treatment of UTI
[22].

In the case of UTI with systemic involvement, according to
the EAU guidelines, the first option could be an empirical
treatment with an association of amoxicillin plus an amino-
glycoside or a second-generation cephalosporin plus an ami-
noglycoside. Basing on our data, fluoroquinolones and most
cephalosporins have too high resistance rates to be offered for
empirical treatment, although, in our series, they are still the
most used drugs for the treatment of UCA-UTI.

The association of two antibiotics is a good option to com-
plement their spectrum of activity in the presence of a growing
increase of resistance of Gram-negative bacteria and an in-
creasing frequency of Gram-positive infections. Particularly,
aminoglycosides could be the ideal complement to time-
dependent drugs.

This policy exposes the risk of increasing the rate of resis-
tance of the few still active antibiotics but remains the only
viable one waiting for the availability of methods for rapid
pathogen identification and antimicrobial susceptibility test-
ing [23].

E. faecalis infections are frequently associated with urinary
sepsis, so the choice of empirical treatment for septic patients
with urinary stones should always consider that the infection
may be associated with a positive Gram infection [24, 25].

Finally, the presence of mycotic infection should be
considered and investigated, being probably more fre-
quent than previously reported, especially in patients
with previous antibiotic treatments, and requiring a specific
therapeutic approach.

In our series only 7% of patients with UCA-UTI developed
sepsis, although the risk was increased in older women and in
patients with staghorn stones. Higher rates of sepsis were ob-
served in countries where a higher rate of stones larger than
2 cm or staghorn stones were treated (Greece, Spain, and
Italy). Appropriate post-operative monitoring and adherence
to infection control policies are crucial for prevention and
successful empirical treatment.

This study has certain limitations. Firstly, it is a retrospec-
tive study that includes centers only from the Southern-
Europe. Furthermore, it lacks information on the history of
previous UTI in the months prior to the hospital admission
whose treatment may have caused resistance to some
antibiotics.

Moreover, we know from literature that the result of MSU
culture may not be fully representative of the infection in an
obstructed urinary tract (or in the stone), although only in a
few cases, the results of blood cultures were different from
MSU microbiology.
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We failed to research ESBL in some countries and to eval-
uate carbapenemases in most cases, which could have given
more information about antibiotic resistance profile.

Finally, each laboratory tested the sensitivity of different
antibiotic panels, so not all the antibiotics were tested against
all the strains cultured.

Conclusions

In conclusion, high rates of antibiotic resistance were ob-
served in isolates from urine of patients candidate to upper
urinary tract calculi treatment from South-Eastern Europe.

This finding confirms previous report of high rates of anti-
biotic resistance in Southern and Eastern Europe that were
explained with high consumption of antibiotics per person in
the general population [26].

In patients with UCA-UTI, this trend is emphasized by the
presence of stones in the urinary tract representing a compli-
cating factor that makes it difficult to eradicate the infection.
Infections associated with urinary stones are complicated by
urinary stasis due to obstruction of the urinary tract and the
presence of the stones acting as a foreign body by hosting
pathogens on its outer surface and in its internal structure.

For this reason, a stewardship program should be
implemented including appropriate training of clinicians to
best use of antimicrobial agents, adherence to local, national,
or international guidelines, regular consultation with
infectious diseases physicians and microbiologists and
monitoring of local pathogen resistance profiles.

The empirical use of antibiotics must be cautious to avoid
the spread of resistance to the antibiotics with low resistance
rates which must be reserved for the most serious cases.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics approval This study was performed in line with the principles of
the Declaration of Helsinki. Ethical approval was not required consider-
ing the retrospective nature of the study.

References

1. Zanetti G, Paparella S, Trinchieri A, Prezioso D, Rocco F, Naber
KG (2008Mar) Infections and urolithiasis: current clinical evidence
in prophylaxis and antibiotic therapy. Arch Ital Urol Androl 80(1):
5–12

2. Rivera M, Viers B, Cockerill P, Agarwal D, Mehta R, Krambeck A
(2016 Sep) Pre- and postoperative predictors of infection-related
compl ica t ions in pa t ien ts undergoing percu taneous
nephrolithotomy. J Endourol 30(9):982–986. https://doi.org/10.
1089/end.2016.0191

3. Senocak C, Ozcan C, Sahin T, Yilmaz G, Ozyuvali E, Sarikaya S,
Resorlu B, Oguz U, Bozkurt OF, Unsal A, Adsan O. Risk factors of
infectious complications after flexible uretero-renoscopy with laser
lithotripsy. Urol J. 2018 Jul 10;15(4):158–163. https://doi.org/10.
22037/uj.v0i0.3967

4. Cai T, Cocci A, Coccarelli F, Ruggera L, Lanzafame P, Caciagli P,
Malossini G, Crisci A, Trinchieri A, Perletti G, Carini M, Bonkat G,
Bartoletti R, Bjerklund Johansen TE. Infectious complications after
laser vaporization of urinary stones during retrograde intrarenal
surgery are not associated with spreading of bacteria into irrigation
fluid but with previous use of fluoroquinolones. Eur Urol Focus.
2019Mar 7. pii: S2405–4569(19)30053–7. https://doi.org/10.1016/
j.euf.2019.02.018

5. Perletti G, Magri V, Cai T, Stamatiou K, Trinchieri A, Montanari E
(2018 Jun 30) Resistance of uropathogens to antibacterial agents:
emerging threats, trends and treatments. Arch Ital Urol Androl
90(2):85–96. https://doi.org/10.4081/aiua.2018.2.85

6. Singer M et al (2016) The Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 315:801

7. Rubin RH, et al. Evaluation of new anti-infective drugs for the
treatment of urinary tract infection. Infectious Diseases Society of
America and the Food and Drug Administration. Clin Infect Dis,
1992. 15 Suppl 1: p. S216–27

8. EAU Guidelines. Edn. presented at the EAU Annual Congress
Amsterdam 2020. ISBN 978-94-92671-07-3

9. The European Committee on Antimicrobial Susceptibility Testing.
Breakpoint tables for interpretation of MICs and zone diameters.
Version 9.0, 2019. http://www.eucast.org

10. Morrissey I, Hackel M, Badal R, Bouchillon S, Hawser S,
Biedenbach D (2013 Nov 1) A review of ten years of the study
for monitoring antimicrobial resistance trends (SMART) from
2002 to 2011. Pharmaceuticals (Basel) 6(11):1335–1346. https://
doi.org/10.3390/ph6111335

11. Flores-Mireles AL, Walker JN (2015) Caparon Michael, Hultgren
Scott J. Urinary tract infections: epidemiology, mechanisms of in-
fection and treatment options. Nat Rev Microbiol 13(5):269–284.
https://doi.org/10.1038/nrmicro3432

12. Holmgren K (1986) Urinary calculi and urinary tract infection. A
clinical and microbiological study. Scand J Urol Nephrol Suppl 98:
1–71

13. Takeuchi H, Okada Y, Yoshida O, Arai Y, Tomoyoshi T (1989
May) Urinary tract infection associated with urinary calculi. 1.
The significance of urinary tract infection in urinary calculi.
Hinyokika Kiyo 35(5):749–754

14. Bichler KH, Eipper E, Naber K, Braun V, Zimmermann R, Lahme
S (2002 Jun) Urinary infection stones. Int J Antimicrob Agents
19(6):488–498

15. ChenD, ZhangY, Huang J, LiangX, Zeng T, Lan C,DuanX, Zhao
Z, Zeng G, Tiselius HG, Lu X, Wu W (2018 Jun) The analysis of
microbial spectrum and antibiotic resistance of uropathogens iso-
lated from patients with urinary stones. Int J Clin Pract 72(6):
e13205. https://doi.org/10.1111/ijcp.13205 Epub 2018 May 23

16. Yongzhi L, Shi Y, Jia L, Yili L, Xingwang Z, XueG (2018May 21)
Risk factors for urinary tract infection in patients with urolithiasis-
primary report of a single center cohort. BMC Urol 18(1):45.
https://doi.org/10.1186/s12894-018-0359-y

17. European Centre for Disease Control and Prevention. Surveillance
of antimicrobial resistance in Europe 2018. https://www.ecdc.
europa.eu/s i tes /defaul t / f i les /documents/survei l lance-
antimicrobialresistanceEurope-2018.pdf-

18. Gomila A, Shaw E, Carratalà J, Leibovici L, Tebé C, Wiegand I,
Vallejo-Torres L, Vigo JM, Morris S, Stoddart M, Grier S, Vank C,
Cuperus N, Van den Heuvel L, Eliakim-Raz N, Vuong C,
MacGowan A, Addy I, Pujol M; COMBACTE-MAGNET WP5-
RESCUING Study. Predictive factors for multidrug-resistant gram-
negative bacteria among hospitalised patients with complicated

1979Eur J Clin Microbiol Infect Dis (2020) 39:1971–1981

https://doi.org/10.1089/end.2016.0191
https://doi.org/10.1089/end.2016.0191
https://doi.org/10.22037/uj.v0i0.3967
https://doi.org/10.22037/uj.v0i0.3967
https://doi.org/10.1016/j.euf.2019.02.018
https://doi.org/10.1016/j.euf.2019.02.018
https://doi.org/10.4081/aiua.2018.2.85
https://doi.org/10.1089/end.2016.0191
https://doi.org/10.3390/ph6111335
https://doi.org/10.3390/ph6111335
https://doi.org/10.1038/nrmicro3432
https://doi.org/10.1111/ijcp.13205
https://doi.org/10.1186/s12894-018-0359-y
https://doi.org/10.1089/end.2016.0191
https://doi.org/10.1089/end.2016.0191
https://doi.org/10.1089/end.2016.0191


urinary tract infections. Antimicrob Resist Infect Control. 2018 Sep
14;7:111. https://doi.org/10.1186/s13756-018-0401-6

19. Koningstein M, van der Bij AK, de Kraker ME, Monen JC,
Muilwijk J, de Greeff SC, Geerlings SE, Leverstein-van Hall
MA, ISIS-AR Study Group (2014 Jan 28) Recommendations for
the empirical treatment of complicated urinary tract infections using
surveillance data on antimicrobial resistance in the Netherlands.
PLoS One 9(1):e86634. https://doi.org/10.1371/journal.pone.
0086634

20. Tandogdu Z, Kakariadis ETA, Naber K,Wagenlehner F, Bjerklund
Johansen TE (2019 Apr 25) Appropriate empiric antibiotic choices
in health care associated urinary tract infections in urology depart-
ments in Europe from 2006 to 2015: a Bayesian analytical approach
applied in a surveillance study. PLoS One 14(4):e0214710. https://
doi.org/10.1371/journal.pone.0214710 eCollection 2019

21. Hatlen TJ, Flor R, Nguyen MH, Lee GH, Miller LG. Oral
fosfomycin use for pyelonephritis and complicated urinary tract
infections: a 1 year review of outcomes and prescribing habits in
a large municipal healthcare system. J Antimicrob Chemother.
2020 Apr 17:dkaa126. doi: https://doi.org/10.1093/jac/dkaa126

22. Zhanel GG, Zhanel MA, Karlowsky JA (2020) Oral and intrave-
nous fosfomycin for the treatment of complicated urinary tract in-
fections. Can J Infect Dis Med Microbiol 2020 Mar 28:8513405.
https://doi.org/10.1155/2020/8513405

23. Davenport M, Mach KE, Shortliffe LMD, Banaei N, Wang TH,
Liao JC (2017 May) New and developing diagnostic technologies
for urinary tract infections. Nat Rev Urol 14(5):296–310

24. Souhail B, Le Maréchal M, Manuello R, Chrétien R, Charlot P,
Déroudilhes G, Della Guardia M, Blanc V, Fribourg A, Degand
N, Roger PM (2019 Nov) Antibiotic therapy for Enterococcus
bacteraemia: warning for the antimicrobial stewardship team. Eur
J Clin Microbiol Infect Dis 38(11):2087–2095. https://doi.org/10.
1007/s10096-019-03645-5

25. Suppli M, Aabenhus R, Harboe ZB,Andersen LP, TvedeM, Jensen
JU (2011 Jul) Mortality in enterococcal bloodstream infections in-
creases with inappropriate antimicrobial therapy. Clin Microbiol
Infect 17(7):1078–1083. https://doi.org/10.1111/j.1469-0691.
2010.03394.x

26. Goossens H, Ferech M, Vander Stichele R, Elseviers M; ESAC
Project Group Outpatient antibiotic use in Europe and association
with resistance: a cross-national database study. Lancet. 2005
Feb 12–18;365(9459):579–87

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Affiliations

Elisa De Lorenzis1,2 & Alberto Budia Alba3 &Marcos Cepeda4 & Juan Antonio Galan5
& Petrisor Geavlete6

&

Stilianos Giannakopoulos7 & Iliya Saltirov8 & Kemal Sarica9 & Andreas Skolarikos10 & Sotir Stavridis11 & Emrah Yuruk12 &

Bogdan Geavlete6
& García-Carbajosa5 & Stefan Hristoforov8 &M. Ali Karagoz13 & Nikolaos Nassos7 &

Guzmán Ordaz Jurado3
& Filip Paslanmaz12 &Marina Poza4 & Skender Saidi11 & Lazaros Tzelves10 & Alberto Trinchieri14

Alberto Budia Alba
alberto.budia@hotmail.com

Marcos Cepeda
marcoscepedadelgado@yahoo.es

Juan Antonio Galan
jagalanllopis@gmail.com

Petrisor Geavlete
geavlete@gmail.com

Stilianos Giannakopoulos
stgian@otenet.gr

Iliya Saltirov
saltirov@vma.bg

Kemal Sarica
saricakemal@gmail.com

Andreas Skolarikos
andskol@yahoo.com

Sotir Stavridis
stavridis.sotir@gmail.com

Emrah Yuruk
emrah.yuruk@yahoo.com

Bogdan Geavlete
bogdan_geavlete@yahoo.com

García-Carbajosa
ngkarb@gmail.com

Stefan Hristoforov
st.hristoforov@abv.bg

M. Ali Karagoz
dr_mali@msn.com

Nikolaos Nassos
nassosouro@gmail.com

Guzmán Ordaz Jurado
gusorju@hotmail.com

Filip Paslanmaz
filip.paslanmaz@gmail.com

Marina Poza
pozaval@gmail.com

Skender Saidi
skendersaidi@yahoo.com

Lazaros Tzelves
lazarostzelves@gmail.com

Alberto Trinchieri
alberto.trinchieri@gmail.com

1980 Eur J Clin Microbiol Infect Dis (2020) 39:1971–1981

https://doi.org/10.1186/s13756-018-0401-6
https://doi.org/10.1371/journal.pone.0086634
https://doi.org/10.1371/journal.pone.0086634
https://doi.org/10.1371/journal.pone.0214710
https://doi.org/10.1371/journal.pone.0214710
https://doi.org/10.1093/jac/dkaa126
https://doi.org/10.1155/2020/8513405
https://doi.org/10.1007/s10096-019-03645-5
https://doi.org/10.1007/s10096-019-03645-5
https://doi.org/10.1111/j.1469-0691.2010.03394.x
https://doi.org/10.1111/j.1469-0691.2010.03394.x
https://orcid.org/0000-0002-5961-9874


1 Dept. of Urology, Fondazione IRCCS Ca’ Granda Ospedale

Maggiore Policlinico, Via della Commenda 15, 20122 Milan, Italy

2 Department of Clinical Sciences and Community Health, University

of Milan, Via della Commenda 15, 20122 Milan, Italy

3 Lithotripsy and Endourology Unit, La Fe University and Polytechnic

Hospital, Valencia, Spain

4 Urology Unit, Hospital Universitario Río Hortega, Valladolid, Spain

5 Urolithiasis and Endourology Unit, General University Hospital,

Alicante, Spain

6 Saint John Emergency Clinical Hospital, Bucharest, Romania

7 Department of Urology, Democritus University of Thrace, Dragana,

Alexandroupolis, Greece

8 Department of Urology and Nephrology, Military Medical

Academy, Sofia, Bulgaria

9 Department of Urology, Biruni University, Medical School,

Istanbul, Turkey

10 2nd Department of Urology, University of Athens, Sismanoglio

Hospital, Athens, Greece

11 University Clinic of Urology, Medical Faculty Skopje,

Skopje, North Macedonia

12 Department of Urology, The Ministry of Health, University of

Health Sciences, Bagcilar Training & Research Hospital,

Istanbul, Turkey

13 Department of Urology, Kafkas University Medical School,

Kars, Turkey

14 Urology School, University of Milan, Milan, Italy

1981Eur J Clin Microbiol Infect Dis (2020) 39:1971–1981


	Bacterial...
	Abstract
	Introduction
	Materials and methods
	Statistics

	Results
	Age and M/�F ratio
	Stone size and hydronephrosis
	Bacterial spectrum
	Resistance to antibiotics
	Antibiotic treatment
	Sepsis

	Discussion
	Conclusions
	References


