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Abstract: Objective: This study set out to clarify the distribution and drug resistance of pathogens causing urinary
tract infection (UTI) in patients with urinary calculi. Methods: Pathogens were isolated from urine samples of pa-
tients with urinary calculi also complicated with UTls, during the period from 2015 to 2019, and the samples were
cultured for drug sensitivity testing to study the drug resistance of pathogens. The results were analyzed by SPSS
22.0 software. Results: Gram-negative bacteria were the main pathogens found in patients with urinary calculi
complicated with UTI (84.52%). Escherichia coli, Enterococcus faecalis and Monilia albicans were the most common
Gram-negative bacteria (48.84%), Gram-positive bacteria (34.78%) and fungus (29.41%), respectively. The UTI rates
were higher in female patients than in male patients, and were higher in patients > 60 years old compared with
those < 60 years old. Escherichia coli and Klebsiella pneumoniae had the highest resistance to ampicillin and the
lowest resistance to imipenem. Enterococcus faecalis Enterococcus Faecium had the highest resistance to penicil-
lin and ampicillin, but the lowest resistance to vancomycin and linezolid. Conclusion: The present study found that
the pathogenic bacteria found in patients with urinary calculi complicated with UTI are mainly Gram-negative bacte-
ria; and Escherichia coli is the main pathogenic bacteria causing the infection. Gender and age may be risk factors
for urinary calculi complicated with UTI. Antibiotics should be selected reasonably according to the drug resistance
pattern of pathogenic bacteria in clinical anti-infection management.

Keywords: Urinary calculi, urinary tract infection, distribution and drug resistance of pathogenic bacteria

Introduction

Urinary tract infection (UTI) is a common type
of bacterial infection [1]. A growing number of
studies [2, 3] have shown that pathogenic
Escherichia coli is the primary pathogen of
UTls. Escherichia coli belongs to the Entero-
bacteriaceae family, most of which are harm-
less to the human body, while some others th-
at can cause infection or diarrhea are called
pathogenic Escherichia coli [4, 5]. In addition,
the incidence of UTI in women is much higher
than that in men [6].

UTI is prevalent in patients with urinary calculi
[7], and the two interact with each other. On the
one hand, UTI can induce urinary calculi by pro-
moting the deposition of calcium oxalate and
struvite [8, 9], and on the other hand, urinary
calculi and related treatments can easily lead
to bacterial infection [10]. These two combined
may give rise to acute renal damage [11].

Therefore, effective intervention or treatment
of UTls is essential in the treatment of urinary
calculi.

Antibiotics are the routine treatment for UTls
[12], which can not only effectively inhibit the
duration of infection symptoms, but also pre-
vent the occurrence of repeated infections [13].
The antibacterial spectrum of antibiotics and
the drug resistance pattern of pathogenic bac-
teria should be fully considered in clinical treat-
ment. Therefore, understanding the common
pathogens in UTls and their drug susceptibility
is an essential requirement for clinical anti-
infective drug use [14, 15].

Distribution and resistance patterns of patho-
genic bacteria in UTIs are temporal and regional
in nature [16]. Here, we performed a statistical
analysis on the distribution of pathogenic bac-
teria in patients with urinary calculi collected
from 2015 to 2019, and studied the drug resis-
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Table 1. General data

Research methods

Material Data Urine samples were collected
Overall number of people 689 from patients in sterile tubes for
Gender immediate quantitative microbio-
Male 281(40.78) logical culture. Specifically, the
Female 408 (59.22) urine samples suspected of bac-
Age terial infection were inoculated
<60 372 (53.99) on the culture plate and cultivat-
>60 317 (46.01) ed at 37°C for 24 h, and those
Smoking history suspected of fungal infection
Present 286 (41.51) were inoculated on the culture
Absent 403 (58.49) plate and cultivated at 28°C for 7
Alcohol abuse history days. The stqbility and morpholo-
Present 236 (34.25) gy of colorjles were observed
Absent 453 (65.75) undgrthe m|c.roscope, the pa'tho-
Type of calouli ge_zmc bacteria were |dent|f|§d
_ _ with a fully automated bacterial
Kidney calculi 248 (35.99) analyzer, and the resistance of
Ureteral calculus 236 (34.25) pathogenic bacteria to antibacte-
Kidney calculi complicated with ureteral calculus 120 (17.42) rial drugs was determined with
Bladder calculi 85 (12.34) the disk diffusion method. The

Stone diameter
Stone location
Left
Right

15.88+3.24 mm

392 (56.89)
297 (43.11)

tance of the main pathogenic bacteria. The fun-
damental purpose of this study is to under-
stand the common pathogenic bacteria of UTls
in patients complicated with urinary calculi and
their drug sensitivity, so as to provide reliable
medication basis for doctors to intervene and
prevent UTls, thus promoting patient recovery.

Methods
General data

From 2015 to 2019, 689 patients (male to
female ratio 281:408) with urinary calculi were
found to have a UTI after urine test, with 317
cases = 60 years old and 372 cases < 60 years
old. In terms of disease types, there were 248
cases of kidney calculi, 236 cases of ureteral
alculus, 120 cases of kidney stones complicat-
ed with ureteral calculus, and 85 cases of blad-
der calculi. In terms of stone location, there
were 392 cases with calculi on the left side and
297 cases on the right side, with the calculi
diameter of 15.88+3.24 mm (Table 1). All par-
ticipants signed an informed consent in accor-
dance with the Declaration of Helsinki and this
study was approved by our Hospital Ethics
Committee (2015-03-1416).
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drug resistance of pathogenic
bacteria was quantitatively ana-
lyzed according to the perfor-
mance standards for susceptibil-

ity testing.

The quality control strains were Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa (ATCC
27853), Staphylococcus aureus (ATCC 25923)
and Enterococcus faecalis (ATCC 25922).

Statistical analysis

The measurement data were expressed as
mean * standard deviation, and counting data
were expressed as number of cases (percent-
age). All the data were statistically analyzed by
SPSS 22.0 software. Chi-square test was uti-
lized to compare the differences between the
two groups. COX proportional hazard regres-
sion analysis was used to discuss the role of
gender and age in UTI. P < 0.05 indicated a sta-
tistically significant difference.

Results

Distribution of pathogens causing UTIs in pa-
tients with urinary calculi

The distribution of pathogenic bacteria in pa-
tients with urinary calculi complicated with UTI
in 5 years was counted, and 407 strains of
pathogenic bacteria were isolated. As shown in
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Figure 1. Distribution of pathogens causing urinary tract infection in patients with urinary calculi. A. The number of
pathogenic bacteria detected from 2015 to 2019. The total detection rate of pathogenic bacteria peaked in 2017
and then returned to previous levels. B. Distribution of pathogenic bacteria within 5 years. A total of 344 Gram-neg-
ative, 46 Gram-positive, and 17 fungus strains were isolated, and Gram-negative bacteria were the main pathogens
(84.52%) of urinary calculi complicated with urinary tract infection.

Figure 1, the total detection rate of pathogenic
bacteria peaked in 2017 and then returned to
previous levels. In this study, 344 Gram-ne-
gative, 46 Gram-positive, and 17 fungus stra-
ins were isolated, and Gram-negative bacteria
were the main pathogens (84.52%) of urinary
calculi complicated with UTI.

Escherichia coli is the most common gram-
negative bacteria causing UTI (48.84%), fol-
lowed by Klebsiella pneumoniae (6.10%), Pseu-
domonas aeruginosa (5.81), Proteus mirabilis
(5.52%) and Enterobacter cloacae (4.94%). En-
terococcus faecalis is the most common Gram-
positive bacteria (34.78%), followed by Entero-
coccus Faecium (21.74%); and Monilia albicans
is the most common UTI fungus (29.41%) Table
2.

Figure 2 exhibits the changes of detection rates
of major Gram negative bacteria, major Gram
positive bacteria and fungus from 2015 to
2019. Generally speaking, the lowest detection
rates of Escherichia coli, Klebsiella pneumoni-
ae, and major Gram-positive bacteria other
than Streptococcus oralis were found in 2016,
2018, and 2018, respectively. Besides, the-
re was no considerable change in the fungal
detection rate over the 5 year period.

Distribution of pathogenic bacteria of UTIs in
gender and age stratification

Age and gender may be risk factors for UTI, so
we analyzed the distribution of pathogenic bac-
teria in men and women with different ages. As
shown in Figures 3 and 4, the UTI rate was high-
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er in female patients than in male patients, and
was higher in people > 60 years old compared
with those < 60 years old, with statistically sig-
nificant differences. The proportion of
Escherichia coli in women (57%) was higher
than that in men (37%), while the proportion of
Klebsiella pneumoniae and Pseudomonas
aeruginosa in females (both 5%) was lower th-
an that in males (10% and 8%, respectively).
The proportion of Escherichia coli in patients
aged > 60 (53%) was lower than that in patients
aged < 60 (44%). COX proportional hazard
regression analysis (Tables 3 and 4) showed
that gender and age were potential risk factors
for UTI. Therefore, the influence of gender and
age should be considered in anti-infection
management.

Drug resistance of main pathogenic bacteria
causing UTI

Here, two main Gram-negative bacteria (Es-
cherichia coli and Klebsiella pneumoniae) and
the two main Gram-positive bacteria (Entero-
coccus faecalis and Enterococcus Faecium)
which were selected as drug resistant types,
and the results are shown in Tables 5 and 6.

Escherichia coli has the highest resistance to
ampicillin (93.45%) and the lowest resistance
to imipenem (7.14%), with resistance to piper-
acillin, cefazolin, cefuroxime, ceftazidime, cefo-
taxime and levofloxacin over 50%, and cipro-
floxacin, gentamicin, amoxicillin/clavulanic acid
and ceftriaxone over 30%, and cefepime and
cefoperazone-sulbactam over 10%.

Am J Transl Res 2021;13(9):10554-10561
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Table 2. Pathogens causing urinary tract infection in patients with urinary calculi
Number of Proportion of GN/GP/

Pathogens Pathogens Fungus (%)
Gram-negative bacteria Escherichia coli 168 48.84
Klebsiella pneumoniae 21 6.10
Pseudomonas aeruginosa 20 5.81
Proteus mirabilis 19 5.52
Enterobacter cloacae 17 4.94
Acinetobacter baumannii 17 4.94
Stenotrophomonas maltophilia 14 4.07
Aeromonas caviae 13 3.78
Flavobacterium 11 3.20
Citrobacter kreitsoni 10 2.91
Aeromonas hydrophila 9 2.62
Sphingomonas paucimobilis 6 1.74
Serratia fonticola 5 1.45
Citrobacter braakii 4 1.16
Citrobacter freundii 4 1.16
Morganella morganii 3 0.87
ABurkholderia cepacia 2 0.58
Acinetobacter haemolyticus 1 0.29
Gram-positive bacteria Enterococcus faecalis 16 34.78
Enterococcus Faecium 10 21.74
Staphylococcus epidermidis 8 17.39
Staphylococcus hominis 8 17.39
Streptococcus oralis 4 8.70
Fungus Monilia albicans 5 29.41
Candida glabrata 4 23.53
Candida tropicalis 4 23.53
Candida parapsilosis 2 11.76
Meyerozyma guilliermondii 2 11.76
GN, Gram-negative bacteria. GP, Gram-positive bacteria.
A Gram-negative bacteria B Gram-positive bacteria C Fungus
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Figure 2. 5-year change in the detection rate of pathogenic bacteria of urinary tract infection. A. 5-year change in the
detection rate of Gram-negative bacteria. B. 5-year change in the detection rate of Gram-positive bacteria. C. 5-year
change in the detection rate of Fungus.
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Figure 3. Distribution of pathogenic bacteria of urinary tract infection in gender and age stratification. A. Seeing
from the angle of gender stratification in urinary calculi complicated with urinary calculi, the urinary tract infection
rate in females is higher than males. B. Seeing from the angle of age group in the occurrence of urinary calculi, the
urinary tract infection rate of patients equal or over 60 years old is higher than that of patients under 60 years old.
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Figure 4. Distribution of pathogenic bacteria in gender and age stratification. A. The distribution of gram-negative
bacteria in female patients. B. The distribution of gram-negative bacteria in male patients. C. The distribution of
gram-negative bacteria in patents with age < 60 years old. D. The distribution of gram-negative bacteria in patents

with age > 60 years old.

Klebsiella pneumoniae has the highest resis-
tance to ampicillin (76.19%) and the lowest
resistance rate to imipenem, ciprofloxacin and
piperacillin-tazobactam (< 10%), with resistan-
ce to piperacillin, cefazolin, cefuroxime, ceftri-
axone, ceftazidime and cefepime over 50%,
with amoxicillin/clavulanic acid, cefotaxime, ce-

10558

foperazone-sulbactam and levofloxacin over
30%, and amikacin and gentamicin over 10%.

Enterococcus faecalis has the highest resis-
tance to ampicillin (87.50%) and the lowest re-
sistance to vancomycin and linezolid (0.00%).
Enterococcus faecium has the highest resis-
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Table 3. Univariate logistic regression analysis

fungi. The team of Rafalskiy

[47] supported the idea that

HR P 95% Cl SE , _

Gender (male vs female) ~ 1.767 0.024 0.639100.931 0.227 &ram'”?gat"’; baCter_'ad were

Age (< 60 vs > 60) 1579 0.042 0.506100.913 0.163 UT‘T Z’:(;n ﬂﬁ’: di‘;%ﬁgi ti'gn “r‘;tr;ﬁ
Stone location (left vs right) 1.344 0.055 0.535t00.947 0.178 of I,Escherichia coli is the first
Smoking history (yesvs no) 1.352 0.073 0.453t00.854 0.142 among them. Gajdacs et al
Drinking history (yesvs no) 1.431 0.086 0.6121t00.953 0.241 [16] believed that Gram-po-

sitive bacteria were important

Table 4. Multivariate logistic regression analysis Eitz?ff:;cﬁgﬁggfaﬁggistr
HR P 95%Cl SE ed for the largest proportion.

Gender (male vs female) 1.821 0.021 0.609 to 0.923 0.235 Therefore, Escherchia coli is

Age (< 60 vs > 60) 1.746 0.039 0.592 t0 0.927 0.184 the most common Gram_nega_

Table 5. Drug resistance rate of main gram-negative bacteria

tive bacterium among the pa-
thogens of urinary calculi com-
plicated with UTI, and Entero-

Escherichia coli Klebsiella coccus faecalis is the most
n=168 pneumoniae n=21 common Gram-positive bacte-

Ampicillin 157 (93.45) 16 (76.19) rium.

Piperacillin 114 (67.86) 11 (52.38)

Piperacillin-tazobactam 19 (11.31) 2(9.52) UTI may exhibit different pa-
Amoxicillin/clavulanic acid 74 (44.05) 9 (42.86) thogen distribution depending
Imipenem 12 (7.14) 1(4.76) on gender and age [18]. In thls
Cefazolin 143 (85.12) 12 (57.14) paper, the UTI rate and the dis-
) tribution of Gram-negative bac-
Cefuroxime 131 (77.98) 13 (61.90) teria in male and female pa-
Ceftriaxone 81(48.21) 11 (52.38) tients with urinary calculi were
Ceftazidime 87 (51.79) 13 (61.90) counted. In terms of infection,
Cefotaxime 92 (54.76) 8 (38.10) the UTI rate was h|gher in fe-
Cefepime 24 (14.29) 12 (57.14) male patients than in male
Cefperazone-sulbactam 26 (15.48) 9 (42.86) patients. Wang et al. [19] sh-
Levofloxacin 89 (52.98) 10 (47.62) owed that among patients with
Gentamicin 57 (33.93) 6 (28.57) urinary calculi, women were
Ciprofloxacin 67 (39.88) 2(9.52) more prone to develop UTls
Amikacin 18 (10.71) 3 (14.29) than men, which may be due

tance to penicillin (90.00%) and the lowest
resistance to vancomycin and linezolid (0.00%).

Discussion

In this study, a total of 407 strains of patho-
genic bacteria were isolated from patients with
urinary calculi complicated with UTI, and the
number of pathogenic bacteria detected bet-
ween 2015 and 2019 peaked in 2017. Among
the 407 pathogenic strains, there were 344
strains of Gram-negative bacteria (among whi-
ch Escherichia coli was the most, accounting
for 48.84%), 46 of the Gram-positive bacteria
(among which Enterococcus faecalis was the
most, accounting for 34.78%) and 17 types of
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to anatomical differences bet-
ween men and women. As far
as the distribution of Gram-negative bacteria is
concerned, the proportion of Escherichia coli in
females (57%) was higher than that of males
(37%), while the proportion of Klebsiella pneu-
moniae and Pseudomonas aeruginosa in fe-
males (both 5%) was lower than that of males
(10% and 8%, respectively). Similar results
have been mentioned in the research of Igbal
et al. [20]. Unfortunately, the distribution ratio
of Gram-negative bacteria in females and ma-
les is not statistically significant. Hence, more
samples are needed to obtain more accurate
conclusions. In addition, the UTI rate of patients
aged > 60 was higher than that of patients
aged < 60, and the proportion of escherichia
coli (53%) in patients > 60 years old was lower

Am J Transl Res 2021;13(9):10554-10561



Distribution and resistance of pathogens in urinary calculi complicated with UTI

Table 6. Comparison of drug resistance rates
of main Gram-positive bacteria

Enterococcus Enterococcus
faecalis n=16 Faecium n=10

Penicillin 13 (81.25) 9 (90.00)
Ampicillin 4 (87.50) 7 (70.00)
Gentamicin 11 (68.75) 8 (80.00)
Levofloxacin 1(68.75) 4 (40.00)
Ofloxacin 2 (75.00) 7 (70.00)
Ciprofloxacin 9 (56.25) 7 (70.00)
Erythromycin 7 (43.75) 6 (60.00)
Vancomycin 0 (0.00) 0 (0.00)
Linezolid 0 (0.00) 0 (0.00)

than that in patients < 60 years old (44%). In
the research of De Lorenzis et al. [21], the dis-
tribution of pathogenic bacteria showed age
differences. Magliano et al. [22] reported that
Escherichia coli was less present in people
aged 60 or above than those aged under 60.
The immune function of elderly patients gradu-
ally weakens with age, and there may be a
decrease in physical activity, so the elderly
patients are more likely to develop UTIs than
those aged < 60 years. In this study, COX pro-
portional hazard regression analysis was used
to discuss the potential risk factors of develop-
ing UTls. The results showed that age and gen-
der are risk factors for UTls, which may be the
reason for the different distribution of urinary
pathogens in different ages or genders. Hence,
gender and age may be risk factors for UTls,
but a larger sample size is still needed for
confirmation.

Escherichia coli is the most common pathogen
in UTI and is highly resistant to first-line antibi-
otics [23, 24]. According to the results in Table
2, two main Gram-negative bacteria (Escheri-
chia coli and Klebsiella pneumoniae) and two
main Gram-positive bacteria (Enterococcus fa-
ecalis and Enterococcus Faecium) were select-
ed as the drug resistance models for study.
Escherichia coli and Klebsiella pneumoniae
were found to have the highest resistance to
ampicillin and the lowest resistance to imipen-
em. Enterococcus faecalis and Enterococcus
Faecium had the highest resistance to penicil-
lin and ampicillin, but the lowest resistance to
vancomycin and linezolid. Therefore, ampicillin
is not recommended as the first choice for clini-
cal anti-urinary infection. Of course, this study
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still has some shortcomings. First, although
age and gender are found to be risk factors for
UTIs in this study, a larger sample size is still
needed for confirmation. Second, this study
discussed the distribution and drug resistance
of pathogenic bacteria for UTIs from 2015 to
2019, but with limited sample size. In the
future, we will further expand the range of years
and the number of samples for further study.
Third, further investigation is warranted to
explore the specific mechanism of distribution
specificity and drug resistance of pathogenic
bacteria for UTls.

To sum up, this study found that the pathogens
of urinary tract calculi complicated with UTI
were mainly Gram-negative bacteria, and Es-
cherichia coli was the main pathogen causing
infection. Gender and age might be risk factors
for urinary calculi complicated with UTIl. More-
over, antibiotics should be selected reasonab-
ly according to the drug resistance pattern of
pathogenic bacteria in clinical anti-infection
management.
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