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Abstract 

Background: This study compared the bacterial spectrum and antibiotic susceptibility of uropathogens in older and 
younger patients with urinary stones to provide appropriate antibiotic management.

Methods: We retrospectively reviewed urinary tract infection patients with urolithiasis, presented to Xiangya Hospital 
from March 2014 to April 2021. Patients were divided into older and younger groups according to 60 years of age. The 
bacterial spectrum and drug sensitivity of uropathogens were compared.

Results: A total of 542 strains of uropathogens (177 in older and 365 in younger groups) were isolated from 507 
patients. E. coli (41.8% vs 43.6%) remains the most common pathogen, followed by E. faecalis (6.2% vs 9.6%) in older 
and younger groups, respectively. Particularly, K. pneumoniae was significantly more frequent in older (9.6%) than in 
younger group (4.7%, P < .05). E. faecium was substantially more prevalent in older group (6.2%) than in younger group 
(2.7%, P < .05). The proportion of males increased in older patients (47.3%) than in younger patients (34.9%, P = 0.007). 
In both groups, major Gram-negative bacteria (E. coli and K. pneumoniae) revealed a high sensitivity over 70% to 
piperacillin/tazobactam, imipenem and amikacin, whereas the resistance level was high to penicillin, tetracycline and 
vancomycin. Major Gram-positive (E. faecalis and E. faecium) isolates demonstrated high sensitivity of over 50% to 
gentamicin and vancomycin in both groups. Furthermore, uropathogens isolated from younger urolithiasis patients 
were more susceptible to antimicrobials than those isolated from older patients.

Conclusions: The male increased in the older urolithiasis patients with UTI and uropathogens microbial spectrum 
in older urolithiasis patients are different from younger. High susceptibility and age should be utilized in empirical 
antibiotic selection to avoid increased multidrug-resistant bacteria.
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Introduction
Urolithiasis is the most prevalent disease in the urinary 
system. Patients with urinary stones are more likely to 
suffer from tract obstruction dilatation and effusion, 
which are beneficial for pathogen reproduction and may 
lead to urinary tract infections (UTIs) [1]. Uropathogens 
can facilitate stone formation and urinary tract stones 
would be secondary to UTIs [2–4]. UTIs patients with 
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urolithiasis are prone to experience more serious compli-
cations following surgery procedures, such as postopera-
tive infection, systemic inflammation and even death due 
to septic shock [5, 6].

UTIs are common in older people and may cause seri-
ous complications. Symptoms may not be typical and 
therapeutic strategies should be adapted to this aged 
group, as unrevealed infection may be extremely harm-
ful to older people but overtreatment might cause avoid-
able side effects and costs [7]. Improper antimicrobial 
drugs use and the associated rise in antimicrobial resist-
ance have become significant health challenges [8]. Older 
patients with UTIs are at high risk of developing urosep-
sis [9]. Therefore, new empirical treatment strategies that 
offer safe and effective antimicrobial approaches to man-
age UTIs could be crucial in the older people. Studies [10, 
11] have demonstrated that age (over 65 years) is the only 
factor for post-flexible cystoscopy UTI and that the risk 
of UTI increases with age.

So far, urine bacteriology and resistance patterns in 
older and younger patients with stones have been incom-
pletely understood and obsolete, facilitating the demand 
for further knowledge to ensure efficient empirical ther-
apies. Therefore, we conducted this study to investigate 
microbial spectrum and resistance patterns of uropatho-
gens isolated from older and younger patients with uro-
lithiasis and acquire insight into developing appropriate 
antimicrobial treatments.

Patients and methods
Patients information
This study retrospectively reviewed a total of 507 
patients, presented to Xiangya hospital from March 2014 
to April 2021 for seven consecutive years. These patients 
were diagnosed with urinary calculi with uropathogenic 
infection (based on urine culture). Non-enhanced CT 
was used to diagnose urinary calculi. Patients who previ-
ously used antibiotics within weeks, or with pregnancy, 
diabetes, chronic urinary retention, neurogenic bladder 
and immunosuppressive conditions were excluded. Urine 
was sampled before antibacterial treatment. We evalu-
ated the following patient characteristics: age, gender, 
prevalence of UTIs, presence of UTI symptoms, stone 
burden (defined as the maximum diameter on CT scan), 
stone location, hydronephrosis, pathogen isolated and 
susceptibility to antibiotics.

Urine culture
An appropriate amount of clean midstream urine was 
collected into a sterile container and then the specimen 
was used for culture-based microbiology testing. 10 μL 
urine sample was inoculated on blood agar and the incu-
bation condition was 37 °C for 18–24 h (suspected fungal 

infection was cultured for 7 days at 28 °C). The culture 
will be sustained to 48 h if no microorganism growth is 
detected. The characteristics of the colonies (stainabil-
ity and morphology) were analyzed under an inverted 
microscope using mass spectrometry.

Drug sensitivity test
Microbroth dilution method was employed for the drug 
sensitivity and resistance tests. The MIC reference range 
of pathogenic bacterial colonies and standard operating 
procedures were determined by the Performance Stand-
ards for Antimicrobial Susceptibility [12]. A sample was 
regarded positive if a single micro-organism was iso-
lated with a >  105 CFU/mL concentration and associated 
with a > 5 leucocytes/high power field under microscopy 
observations.

The major reagents used in drug sensitivity test 
include yeast-like fungal drug-sensitive reaction strip 
(biomerieux Company) and a drug-sensitive reaction 
card (biomerieux Company) [13]. The equipment used 
for drug sensitivity test included an incubator (Hang-
zhou Lefeng Technology) and a bacterial turbidimeter 
(biomerieux Company).

Statistical analysis
Continuous data were presented as mean ± SD. The chi-
square test and Mann-Whitney U test were employed to 
compare uropathogenic distribution and susceptibility 
between the two groups. P < 0.05 was considered to indi-
cate a statistically significant difference. SPSS 21.0 soft-
ware was used for data analysis.

Results
Baseline characteristics of patients
The patients flow diagram was exhibited in Fig.  1 and 
baseline characteristics of patients were presented in 
Table 1. Patients were divided into two groups (older and 
younger) based on 60 years of age, with an average age 
of 67.15 ± 6.30 years and 47.42 ± 8.87 years in older and 
younger groups, respectively (P < 0.001). Significant dif-
ferences in male and female distribution were observed 
between older and younger groups (Table 1 and Fig. 2). 
The pathogenic urine infection increases in males with 
urinary stones in older (47.3%) than in younger patients 
(34.9%, P = 0.007). In contrast, pathogenic infection in 
female patients is more common in younger (65.1%) 
than in older patients (52.7%). Overall, the most com-
mon prevalence of UTIs reported in older popula-
tion with urolithiasis was cystitis 64 (37.9%) followed 
by asymptomatic bacteriuria 57 (33.7%), whereas the 
majority of the younger group was cystitis 103 (30.6%) 
followed by pyelonephritis 101 (29.9%) (P = 0.01). The 
presence of UTI symptoms was increased in younger 
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patients (56.2%) compared with older patients (43.8%) 
(P < 0.001). Stone size, stone location and hydronephro-
sis rates did not show significant differences between the 
two groups. The WBC was 10.3 ± 9.8 ×  109/L (n = 83) 
and 9.5 ± 10.6 ×  109/L (n = 177) in older and younger 
groups, respectively. The C-reactive protein (CRP) was 
36.7 ± 37.9 mg/L (n = 13) and 28.7 ± 54.2 mg/L (n = 30) in 
older group and younger groups, respectively.

Characters of distribution of Uropathogenic 
organisms
Figure 3 depicts the types and proportions of uropatho-
gens. A total of 41 bacterial types were isolated from 170 
older patients and 49 bacterial types from 337 younger 
patients. Figure  4 illustrates the detection rates of 
uropathogens in older and younger patients with urolith-
iasis, and Gram-negative bacteria were the most detect-
able category in both groups (76.3% vs 68.8%).

Significant differences were found in the bacterial 
spectrum of older and younger patients (Table  2). In 
particular, K. pneumoniae was significantly more fre-
quent in older (9.6%) than in younger patients (4.7%, 
P < .05). Major Gram-positive bacterial E. faecium was 
observed to be more prevalent in oldergroup (6.2%) 
than in younger group (2.7%, P < .05). E. coli dominated 
in both older (41.8%) and younger groups (43.6%). E. 

Fig. 1 Flow diagram of patients involved in this study

Table 1 Patient characteristics of detected uropathogens in 
urinary stone patients between older and younger

Chi-square test was performed to detect differences in patient characteristics

Older
N = 169

Younger
N = 338

P value

Age, y 67.15 ± 6.30 47.42 ± 8.87 P < 0.001

Gender P = 0.007

Male, n (%) 80 (47.3%) 118 (34.9%)

Female, n (%) 89 (52.7%) 220 (65.1%)

Prevalence of UTIs, n (%) P = 0.01

Cystitis 64 (37.9%) 103 (30.6%)

Asymptomatic bacteriuria 57 (33.7%) 85 (25.2%)

Pyelonephritis 28 (16.6%) 101 (29.9%)

Urosepsis 3 (1.8%) 5 (1.5%)

Other 17 (10.1%) 42 (12.5%)

Presence of UTI symptoms, n (%) 74 (43.8%) 190 (56.2%) P < 0.001

Stone burden (mm) 22 ± 4.8 21 ± 8.1 P = 0.259

Stone Location P = 0.461

Kidney, n (%) 83 (49.2%) 179 (53.0%)

Ureteral, n (%) 49 (28.8%) 93 (27.5%)

Bladder, n (%) 6 (3.5%) 9 (2.7%)

Multiple, n (%) 31 (18.5%) 57 (16.9%)

Hydronephrosis, n (%) 72 (42.6%) 160 (47.3%) P = 0.313
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faecalis was the second most common uropathogen 
inferior only to E. coli in total. Furthermore, the inci-
dence of Candida glabrata infection was higher in older 
group (4.7%) than in younger group (1.1%, P < .05). 
Among 542 strains, 150 (84.7%) and 316 (86.5%) 

strains belonged to the top 15 most frequent patho-
gens in older and younger groups, respectively. Among 
Enterobacteriaceae uropathogens, extended-spectrum 
β-lactamase (ESBL) producers identified no differences 
between elderly and non-elderly groups in E. coli and 
K. pneumonia.

Fig. 2 Gender trends of urinary tract infection in older and younger patients with urinary stones

Fig. 3 Distribution of uropathogens isolated from (A) older and (B) younger patients with urinary stones
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Phenotypic analysis for drug susceptibility 
of urinary pathogen
The susceptibility of major gram‑negative bacteria (E. coli 
and K. pneumoniae) to antimicrobial drugs
E. coli demonstrated a higher susceptibility to levofloxa-
cin and ciprofloxacin (P < .05) in younger than older 

patients. E. coli bacteria was observed over 60% sen-
sitivity to ceftazidime, cefoperazone/sulbactam, cefo-
tetan, piperacillin/tazobactam, imipenem, nitrofurantoin 
and amikacin in older and younger groups, whereas 
the resistance level was high in both groups to penicil-
lin, tetracycline, vancomycin and ampicillin. Cefotetan 

Fig. 4 Uropathogens detection rates in older and younger patients with urinary stones

Table 2 Comparison of top 15 most frequently detected uropathogens in urinary stone patients between older and younger

Chi-square test was performed to detect differences in specific uropathogens distribution. *P < 0.05 illustrates statistical significance. N Gram-negative, P Gram-positive, 
F Fungi

Older N (%)
N = 177

P Younger N (%)
N = 365

P

Escherichia Colin 74 (41.8) .699 Escherichia Colin 159 (43.6) .699

E. coli ESBL (+) 45 (60.8) .806 E. coli ESBL (+) 94(59.1) .806

E. coli ESBL (−) 29 (39.2) E. coli ESBL (−) 65(40.9)

Klebsiella pneumoniaen 17 (9.6) .026* Enterococcus faecalisp 35 (9.6) .186

K. pneumonia ESBL(+) 3 (17.6) .244 Klebsiella pneumoniaen 17 (4.7) .026*

K. pneumoniae ESBL(−) 14 (82.4) K. pneumoniae ESBL(+) 6 (35.3) .244

Enterococcus faecalisp 11 (6.2) .186 K. pneumoniae ESBL(−) 11 (64.7)

Enterococcus faeciump 11 (6.2) .049* Candida  glabrataF 17 (4.7) .036*

Pseudomonas aeruginosan 8 (4.5) .278 Proteus mirabilisn 13 (3.6) .653

Candida  albicansF 5 (2.8) .955 Candida  albicansF 10 (2.7) .955

Proteus mirabilisn 5 (2.8) .653 Enterococcus faeciump 10 (2.7) .049*

Enterobacter  cloacaeN 4 (2.3) .741 Pseudomonas aeruginosan 10 (2.7) .278

Candida  glabrataF 2 (1.1) .036* Enterobacter  cloacaeN 10 (2.7) .741

Staphylococcus aureusp 2 (1.1) .972 Candida  tropicalisF 8 (2.2) .165

Candida  parapsilosisF 2 (1.1) .642 Acinetobacter  baumanniiN 6 (1.6) 0.047*

Acinetobacter  lwoffiiN 2 (1.1) .208 S.  epidermidisP 6 (1.6) 0.047*

Morgan  MorganellaN 2 (1.1) .458 Candida  parapsilosisF 6 (1.6) .642

Aeromonas  caviaeN 2 (1.1) .208 Streptococcus  agalactiaeP 5 (1.4) .401

Burkholderia  cepaciaN 2 (1.1) .042 Staphylococcus aureusp 4 (1.4) .972
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and imipenem presented a higher susceptibility to K. 
pneumonia in younger than older patients (P < .05). K. 
pneumonia bacteria exhibited more than 60% sensitiv-
ity to cefoperazone/sulbactam, gentamicin, tobramy-
cin, piperacillin/tazobactam, aztreonam, imipenem and 
amikacin in older and younger patients. In contrast, the 
resistance level was high in both groups to penicillin, 
tetracycline, vancomycin, ampicillin, and nitrofuran-
toin (Table  3). Higher overall susceptibility trends were 
observed in younger than older patients (Mann–Whitney 
U test) regarding the major Gram-negative bacteria E. 
coli (P < .05).

The susceptibility of the major gram‑positive bacteria (E. 
faecalis and E. faecium) to antibiotics
Table  4 illustrates the susceptible rates of major Gram-
positive bacteria (E. faecalis and E. faecium) to various 
antibiotics. Overall, major Gram-positive E. faecalis bac-
teria exhibited significant differences in overall suscepti-
bility trends between older and younger patients (P < .05, 
Mann–Whitney U test). Gentamicin and tobramycin 
revealed a high level of in  vitro susceptibility against E. 
faecalis and E. faecium, whereas cephalosporins indicated 

relatively high resistance rates. Nitrofurantoin exhib-
ited 80.0% susceptibility in younger patients but 63.6% 
in older patients to E. faecalis. Gentamicin confirmed 
a high susceptibility rate of 81.8% in older patients and 
only 50% susceptibility was observed in younger patients 
to E. faecium.

Discussion
In this study, our results revealed significant uropatho-
gen distribution differences between older and younger 
groups according to 60 years of age (WHO Definition 
of Aging) [14]. Pathogenic urine infection is increased 
in males with urinary stones in older patients (47.3%) 
than in younger patients (34.9%, P < .001). In contrast, 
the pathogenic infection of female patients is more com-
mon in younger (65.1%) than in older patients (52.7%). 
Furthermore, our study revealed that major Gram-posi-
tive bacterial E. coli and major Gram-negative bacterial 
E. faecalis exhibited higher susceptibility trends isolated 
from younger patients than isolated from older patients. 
To our knowledge, this is the first study to investigate 
bacterial spectrum of uropathogenic and antibiotic sus-
ceptibility in older and younger patients with stones.

In both groups, E. coli was the most common uropath-
ogen in UTIs patients with urolithiasis, which is consist-
ent with a previous study [15]. However, prior research 
revealed that less than 62–75% of uncomplicated urinary 

Table 3 The susceptibility of main Gram-Negative bacteria to 
common antibiotics (%)

Chi-square test was performed to detect differences in specific uropathogens 
distribution. *P < 0.05 illustrates statistical significance

Antibiotics E. coli K. pneumoniae

Older Younger Older Younger

Ceftriaxone 31.1% 33.3% 58.8% 58.8%

Cefazolin 25.7% 25.8% 52.9% 29.4%

Cefpidoxime 12.2% 19.5% 23.5% 23.5%

Ceftazidime 60.8% 64.8% 58.8% 76.5%

Cefoperazone/Sulbactam 70.3% 79.2% 70.6% 82.4%

Cefotetan 63.5% 67.9% 47.1%* 82.4%*

Penicillin 0.0% 0.6% 0.0% 0.0%

Tetracycline 0.0% 0.0% 0.0% 0.0%

Gentamicin 47.3% 56.6% 64.7% 70.6%

Tobramycin 54.1% 56.6% 64.7% 64.7%

Vancomycin 0.0% 0.6% 0.0% 0.0%

Ampicillin 9.5% 10.7% 0.0% 0.0%

Piperacillin/ Tazobactam 81.1% 86.8% 70.6% 82.4%

Aztreonam 48.6% 54.1% 64.7% 76.5%

Imipenem 90.5% 87.4% 70.6%* 94.1%*

Meropenem 62.2% 52.2% 58.8% 41.2%

Compound trimethoprim 44.6% 53.5% 76.5% 70.6%

Nitrofurantoin 78.4% 75.5% 5.9% 5.9%

Levofloxacin 14.9%* 32.7%* 41.2% 70.6%

Amikacin 87.8% 91.2% 82.4% 88.2%

Ciprofloxacin 14.9%* 30.8%* 29.4% 58.8%

Table 4 The susceptibility of main Gram-Positive bacteria to 
common antibacterial drugs (%)

Chi-square test was performed to detect differences in specific uropathogens 
distribution. *P < 0.05 illustrates statistical significance

Antibiotics Enterococcus 
faecalis

Enterococcus 
faecium

Older Younger Older Younger

Cefoperazone/Sulbactam 9.1% 14.3% 0.0% 10.0%

Penicillin 81.8% 71.4% 9.1% 0.0%

Tetracycline 0.0% 8.6% 18.2% 40.0%

Gentamicin 54.5% 62.9% 81.8% 50.0%

Tobramycin 0.0% 2.9% 0.0% 0.0%

Vancomycin 90.9% 85.7% 100.0% 100.0%

Ampicillin 81.8% 80.0% 9.1% 10.0%

Piperacillin/Tazobactam 9.1% 11.4% 0.0% 0.0%

Aztreonam 0.0% 5.7% 0.0% 0.0%

Imipenem 9.1% 8.6% 0.0% 0.0%

Meropenem 9.1% 0.0% 0.0% 0.0%

Compound trimethoprim 0.0% 8.6% 0.0% 0.0%

Nitrofurantoin 63.6% 80.0% 9.1% 30.0%

Levofloxacin 72.7% 77.1% 9.1% 40.0%

Amikacin 9.1% 11.4% 0.0% 0.0%

Ciprofloxacin 54.5% 62.9% 9.1% 10.0%
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tract infections were reported [16, 17]. This discrepancy 
could be explained by more complex bacterial patterns in 
stone patients which were mainly reflected in the pres-
ence of calculi, invasive procedures, catheter-associated 
placement, etc. [18].

E. faecalis and K. pneumonia were the second most fre-
quent uropathogens in younger and older patients with 
stones, respectively. E. faecalis has been demonstrated to 
cause healthcare-associated infections and display resist-
ance to various broad-spectrum antibiotics by acqui-
sition of resistance traits as well as the ability to form 
biofilms [19]. The matrix and surface of stone provide a 
good foundation and adhesion for bacterial growth and 
reproduction, eventually resulting in chronic bacteriuria 
establishment [20].

The bacterial spectrum of uropathogens isolated from 
older urinary stone patients differs from younger patients 
(P < .05). E. faecium and Pseudomonas aeruginosa occupy 
the fourth and fifth positions in the older group, respec-
tively. Meanwhile, Candida glabrata and Proteus mira-
bilis are ranked fourth and fifth in the younger group. 
The bacterial spectrum difference between older and 
younger groups may due to the fact that elderly exhibit-
ing lower immunity power and more basic disease [21]. 
Risk factors for UTI in the elderly differ from those in 
the younger population. Factors that increase the pos-
sibilities of forming UTIs include age-related changes 
in immune function (immunosenescence), nosocomial 
pathogen exposure, and a higher number of comorbidi-
ties [21, 22]. Additionally, a previous study showed that 
age over 65 was the only risk factor present in all patients 
with urinary tract infection development following flex-
ible cystoscopy [11].

Interestingly, we found that gender distribution in 
UTIs patients with urinary stones is significantly dif-
ferent between the two groups. Females (220, 65.1%) 
account for a higher proportion in younger group, which 
may be attributed to the fact that women with short ure-
thral than men in anatomy and younger women may 
engage in sexual activity more frequently [10, 23]. How-
ever, the proportion of males increased from 118 (34.9%) 
in younger group to 80 (47.3%) in older group (P < .01). A 
possible reason was that older men typically exhibit uro-
dynamic dysfunction owing to prostatic hypertrophy. In 
addition, uncircumcised clearly increases the risk of UTIs 
in older men [24–26] Various chronic diseases in older 
males (diabetes, spinal cord injury, indwelling, or inter-
mittent bladder catheterization) also contribute to UTIs 
development [23]. As we observed an increased percent-
age of females in younger group, the possibility would be 
that sexual activity can transport germs from the vagina 
to the urethra then resulting in UTIs. A previous study 
showed that prostatitis could cause recurrent UTIs [27].

Uropathogens showed higher susceptibility trends iso-
lated from younger patients than older patients (P < .05). 
These differences were more pronounced for main 
Gram-negative bacteria K. pneumonia, and specifi-
cally for the antibiotics, cefotetan and imipenem, which 
were more sensitive to younger UTIs patients with uri-
nary stones than older patients (P < .05). Older patients 
may have lower susceptibility rates since they are more 
frequently hospitalized, as a result of the increased aver-
age life expectancy, weak immune system, and recurring 
infections. Hospitalizations are known to increase the 
transmission of bacterial strains between hospitals and 
the community [28]. Overall, antimicrobial sensitivity 
and resistance profiles indicate that empirical antibiotic 
selection should take the patient’s age into consideration.

In our study, the susceptibility of E.coli and Klebsiella 
to ceftriaxone and levofloxacin was low compared to 
community-acquired UTIs [4, 8]. Even meropenem also 
exhibits low susceptibility. Ceftriaxone and levofloxa-
cin resistance may be partly explained by the increasing 
quinolone resistance and ESBL, AmpC, and carbapene-
mases, such as K.pneumoniae carbapenemase or metallo-
β-lactamase [29]. A multicenter study conducted in seven 
countries revealed regional differences in microbial iso-
lates and susceptibility [4]. According to a nosocomial 
infections surveillance system report, susceptibility rates 
of E. coli isolates to cefotaxime and levofloxacin dramati-
cally decreased from 2007 to 2017 [30]. A study in China 
reported that the uropathogens exhibited marked multi-
drug resistance and a large scale of the uropathogens pro-
duce β-lactamase [2]. Interestingly, one similar research 
in our region showed that drug resistance rates remained 
high for commonly used drugs, and local antibiogram 
patterns should be considered before initiating empiric 
antibiotic therapy for UTI patients with urolithiasis [15]. 
What’s more, this distinction might be because patients 
with stones are more likely to suffer from invasive proce-
dures, catheter-associated placement, etc.

In general, overuse and misuse of antimicrobials have 
contributed tocontinued resistance development, posing 
a serious public health burden [31, 32]. A typical exam-
ple is the methicillin-resistant Staphylococcus aureus, 
which is responsible for considerable difficult-to-treat 
infections in humans [33]. The increasing antimicrobial 
resistance of uropathogens is challenging the paradigm of 
empirical antibiotic therapy for UTIs patients with uro-
lithiasis, underlining the need for developing appropriate 
treatment strategies. New strategies with safe and effec-
tive approaches to manage UTIs with stones could have 
an important role in the older people.

One of the limitations of our study is that uropatho-
gens isolated from upper and lower urinary stones were 
not distinguished and compared. Furthermore, it is 
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preferable to combine stone culture results (even blood 
culture if necessary), as midstream urine cultures might 
not completely reflect the reality of UTIs. Moreover, the 
effects of high susceptibility and resistant antibiotics after 
the patients were treated needed to be evaluated in the 
future. Given that not all patients underwent surgery, 
we do not have a complete stone composition. Given the 
retrospective study design, it is possible that there are 
clinical parameters related to the treatment decisions and 
clinical outcomes we did not include or miss. Addition-
ally, we excluded a significant number of patients with 
diabetes, chronic urinary retention and incomplete medi-
cal records, which may limit the impact and generaliz-
ability of our findings.

Conclusions
The ratio of male patients increased in the older uro-
lithiasis patients and uropathogenic microbial spectrum 
is different in older urolithiasis patients from younger 
patients. Uropathogens isolated from younger urolithia-
sis patients were more susceptible to antimicrobials than 
older patients. The uropathogens isolated from patients 
with stones revealed marked multidrug resistance in both 
groups. The empirical use of antibiotics with low resist-
ance rates should be reserved and age should be consid-
ered to avoid the increase of multidrug-resistant bacteria.
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