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Objective: To analyze pathogen distribution and drug sensitivity in patients with urinary

calculi and thereby gain insight into the most appropriate antibacterial drugs for perioperative

therapy.

Materials and Methods: From January 2014 to December 2018, the results of mid-stream

urine pathogen culture and drug sensitivity tests were evaluated retrospectively for 353

patients with urinary calculi. SPSS software version 23.0 was used to analyze the data.

Results: A total of 353 strains of pathogens were isolated from urine culture. Among these,

278 (79%) strains belonged to the top 10 most frequently isolated pathogens, comprising 209

(75.2%) Gram-negative bacilli and 69 (24.8%) Gram-positive cocci. Escherichia coli was the

most frequently isolated pathogen overall and the most frequently isolated Gram-negative

bacillus, and Enterococcus faecalis was the most frequently isolated Gram-positive coccus.

Drug sensitivity levels were effectively unchanged for less commonly used drugs, whereas

drug resistance rates remained high for commonly used drugs such as ampicillin trihydrate,

ampicillin/sulbactam, cefazolin, ceftriaxone, aztreonam, levofloxacin and ciprofloxacin.

Conclusion: E. coli and E. faecalis remain the most common Gram-negative bacillus and

Gram-positive coccus uropathogens, respectively, in patients with urinary calculi. Mid-

stream urine pathogen culture and drug sensitivity tests should be used to select appropriate

antibacterial drugs before treatment, particularly for perioperative patients with urinary

calculi.

Keywords: urine pathogen culture, drug sensitivity, urinary calculi, Escherichia coli,

Enterococcus faecalis

Introduction
Urinary stones and urinary tract infections are common diseases of the urinary

system, which can exist alone or simultaneously and can affect each other’s disease

course. In recent years, studies have shown that pathogens can promote stone

formation and urinary tract stones can be secondary to urinary tract infection.1–3

Patients with urinary tract infections are more likely to suffer from complicated

kidney stones and urinary tract obstruction. Urinary tract obstruction dilatation and

effusion are beneficial for the reproduction of pathogens and may thereby lead to

urinary tract infection.1 Urinary calculi are a common disease in urology, and septic

shock is a common cause of death following urinary stone surgery in patients.4–6

Effective control of pathogen infections plays an important role in the preven-

tion of perioperative infection and stone recurrence in patients with urinary calculi.
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Determining the distribution of pathogens in urine and the

drug sensitivity of these pathogens is crucially important

for the treatment of urinary pathogen infection in patients

with urinary calculi. Although some scholars7,8 previously

studied the distribution of pathogens during urinary tract

infections and Escherichia coli was reported as the most

common pathogen, no similar studies have been published

in recent years. The distribution of pathogens during urine

infection and the drug sensitivity in patients with urinary

stones may be affected by the clinical use of antibacterial

drugs over time.

Since antimicrobial drugs were introduced into clinical

practice, their improper use and the associated rise in

antimicrobial resistance have become significant chal-

lenges to human health.9 The overuse of antibiotics has

been a widespread problem in China and, in recent years,

China has introduced many policies and methods to elim-

inate the abuse of antibiotics. The Ministry of Health of

China has attached considerable importance to the appro-

priate use of antibiotics and to the containment of anti-

microbial resistance by issuing a series of policies,

specifications and guidelines since the launch of the spe-

cial corrective action on clinical antimicrobial use in

2011.9 It is, therefore, necessary to investigate whether

there has been any change in the distribution of pathogens

or the tolerance to drugs in recent years.

In this study, we analyzed data from the last 5 years on

the distribution of pathogens and drug sensitivity in

patients with urinary calculi. The aim of this study was

to gain an understanding of the most common pathogens

detected in such patients during the perioperative period,

so that clinicians can select the most appropriate drugs for

treatment, thereby reducing the likelihood of death due to

septic shock.

Materials and Methods
Basic Information
From January 2014 to December 2018, 353 patients with

urinary calculi in our hospital were reported to have

a pathogen infection based on urine testing. Of these

patients, 187 were male and 217 were female. Their ages

ranged from 22 to 84 years, with an average age of 53.82

±12.14 years. There were 192 cases of ureteral stones, 78

cases on the left side, 96 cases on the right side and 18 cases

on both sides. There were 159 cases of kidney stones, 73

cases on the left side, 80 cases on the right side and 6 cases

on both sides. Ampicillin trihydrate, levofloxacin and

ceftazidime are most frequently administered to the enrolled

patients. There were also two cases of bladder stones and no

cases of urethral stones. Clean catch sampling was used to

collect clean mid-stream urine into a sterile tube, which was

then immediately sent to the microbiology laboratory for

quantitative culture. Urine was usually sampled in the morn-

ing before antibacterial treatment.

Urine Culture and Drug Sensitivity Test
For urine specimens with suspected bacterial infection, 1 μL
of the sample was inoculated onto a blood agar plate and

cultured at 35–37°C for 18–24 h. For urine specimens with

suspected fungal infection, 1 μL of the sample was inocu-

lated onto Agar medium and cultured at 28°C for 7 days.

The results were analyzed by mass spectrometry according

to the characteristics of the colonies, including stainability

and morphology, under a microscope.

Then, the microbroth dilution method was carried out for

drug sensitivity testing. Standard operating procedures were

followed and theMIC reference range for specific pathogenic

bacterial colonies was based on the Performance Standards

for Antimicrobial Susceptibility.10–14 Quantitative analysis

was carried out on the drug sensitivity of the pathogens.

The same pathogens in the same patient were only included

for the first drug sensitivity results.

The main reagents used in the drug sensitivity test were

the drug-sensitive reaction card (biomerieux Company,

Craponne, France) and the Figure 3 yeast-like fungal drug-

sensitive reaction strip (biomerieux Company). The equip-

ment used for the drug sensitivity test included a common

incubator (Hangzhou Lefeng Technology) and a bacterial

turbidimeter (biomerieux Company).

Statistical Analysis
Data are shown as the mean ± standard deviation (SD).

SPSS23.0 software was used to analyze the data. The Chi-

squared test was used to compare differences in categori-

cal data between two groups. P<0.05 was considered to

indicate a statistically significant difference.

Results
Composition of Pathogenic Organisms

Isolated from the Urine Culture of

Patients with Urinary Stones
From 2014 to 2018 in the urology department of our hospital,

a total of 353 strains of pathogenic organisms were isolated

from the urine culture of patients with urinary stones. The
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types and proportions of pathogens detected are shown in

Figures 1 and 2. Among the 353 isolated strains, 278 (79%)

strains belonged to the top 10 most frequently isolated patho-

gens, comprising 209 (75.2%) Gram-negative bacilli and 69

(24.8%) Gram-positive cocci, as shown in Table 1. The

detection rates over the 5-year period of Gram-negative

bacilli and Gram-positive cocci are shown in Figure 3, and

no obvious differences were observed between the years. The

detection rate of Enterococcus faecalis reached a peak in

2016 and then returned to previous levels. The overall detec-

tion rate of Escherichia coli showed a downward trend,

reaching its lowest level in 2018.

Phenotypic Analysis of Pathogens
Among the Enterobacteriaceae isolates, extended-spectrum

beta-lactamase (ESBL) producers were identified in 22

(15%) and 15 (10.2%) of the E. coli and Klebsiella pneu-

moniae isolates, respectively. The sensitivities of both

Gram-negative bacilli and Gram-positive cocci to com-

monly used antibacterial drugs are shown in Tables 2 and

3. Ampicillin trihydrate has been linked with the highest

incidence of drug resistance among all of the antibiotics over

the years. Overall, the drug resistance rates in the Gram-

negative bacillus group were significantly higher than in the

Gram-positive coccus group. Among them, the drug resis-

tance rates to ampicillin trihydrate, ampicillin/sulbactam,

cefazolin, ceftriaxone, aztreonam, levofloxacin, ciprofloxa-

cin and bactrim were higher than 50% for Gram-negative

bacilli. For Gram-positive cocci, the drug resistance rates to

ampicillin/sulbactam, tetracycline, erythrocin and clindamy-

cin were also higher than 50%. The sensitivity to most

antibiotics has not changed significantly over the last 5

years, with the exception of ampicillin trihydrate, cefepime

and gentamicin. The sensitivity to ampicillin trihydrate

showed a significant difference between 2014 and 2016,

χ2=4.230a p=0.048. The sensitivity to cefepime showed

a significant difference between 2014 and 2016,

χ2=11.671a p=0.002, and between 2014 and 2017,

χ2=11.087a p=0.002. The sensitivity to gentamicin showed

a significant difference between 2014 and 2016, χ2=9.011a
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Figure 1 Distribution of pathogens over the 5-year period from 2014 to 2018 (A, B).
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Figure 2 Detection rates of Gram-negative bacilli (A) and Gram-positive cocci (B) over the 5-year period.
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p=0.002, between 2015 and 2016, χ2=12.718a p<0.001, and

between 2016 and 2017, χ2=10.218a p=0.001.

Discussion
In our study, we found that E. coli was the most commonly

isolated Gram-negative bacillus in urinary system infec-

tions, followed by the Gram-positive coccus E. faecalis.

The top 10 most commonly isolated pathogens in urinary

infections were E. coli, E. faecalis, K. pneumoniae,

Monilia albicans, Enterococcus faecium, Pseudomonas

aeruginosa, Proteus mirabilis, Enterobacter cloacae,

Candida glabrata and Staphylococcus epidermidis, which

was consistent with a previous study.7 It is worth noting

that although the most frequently detected pathogens

remain consistent, their rank may alter over time. We

found that E. coli still ranked highest but the detection

rate of E. faecalis gradually increased to second place.

The levels of antibacterial resistance are high in China

due to the overuse of antibiotics.15,16 The results of our study

showed a wide range of pathogens responsible for urine

infections in patients with urinary tract stones, of which

78.5% were Gram-negative bacilli. In this study, the drug

sensitivity of Gram-negative bacilli to imipenem and amika-

cin was higher than 95%, and sensitivity to cefepime, nitro-

furantoin and cefoperazone/sulbactam was higher than 85%.

The rate of drug sensitivity to commonly used antibacterials

such as ampicillin, ampicillin/sulbactam, cefazolin, cipro-

floxacin and levofloxacin was less than 50%. Taken together,

the drug resistance rates among urinary infection strains were

significant in patients with urinary stones. Quinolones and

fluoroquinolones are reported to be ineffective at countering

uropathogenic E. coli infections,17 and in our study, E. coli

also showed low drug sensitivity to quinolones. It is sug-

gested that quinolone antibacterial drugs should not be used

as first-line empiric drugs in the treatment of urinary infec-

tions before the results of drug sensitivity tests are reported.

A series of studies have shown that enterococcal infec-

tions usually occur in patients who have received multiple

antibiotics, had nosocomial infections or have shown

Table 1 Top 10 Most Frequently Detected Pathogens in Urine

Cultures from Patients with Urinary Calculi

Pathogens Pathogens

Number

Total

Proportion

Proportion of

GN/GP Bacillus

Escherichia coli 149 53.6% 71.3%a

Enterococcus

faecalis

25 9.0% 36.2%b

Klebsiella

pneumoniae

22 7.9% 10.5%a

Monilia

albicans

15 5.4% 21.7%b

Enterococcus

faecium

14 5.0% 20.3%b

Pseudomonas

aeruginosa

14 5.0% 6.7%a

Proteus

mirabilis

13 4.7% 6.2%a

Enterobacter

cloacae

11 4.0% 5.3%a

Candida

glabrata

9 3.2% 13.1%b

Staphylococcus

epidermidis

6 2.2% 8.7%b

Abbreviations: aGN, Gram-negative; bGP, Gram-positive.
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Figure 3 The total number of pathogens detected over the 5-year period.
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a delayed disease course, and that infecting enterococci are

multidrug-resistant.18–20 Our results showed that

E. faecalis is more sensitive to nitrofurantoin, ciprofloxa-

cin, chloramphenicol and moxifloxacin, indicating that

these drugs can be used as first-line drugs for E. faecalis.

The effective control of perioperative urinary calculi

infection along with urinary tract infection is critical and

the choice of antibacterial drug is particularly important.

Cases with urinary tract stones can become infected due to

obstruction of the urinary tract, and the pus kidney may

appear, potentially leading to loss of renal function. If

lithotripsy is received in the kidney pelvis or in the ureter,

it can induce bacteremia or sepsis, which can be life-

threatening due to pathogens released from the stones

entering the bloodstream via the wound.21,22 In addition,

Margel et al23 reported that pathogen cultures of the cal-

culi show a few differences between the pre-urine and

intraoperative samples. However, pathogen culture from

Table 2 Sensitivity of the Major Gram-Negative E. Coli Isolates to Commonly Used Antibacterial Drugs (%)

Escherichia coli

Antibacterial Drugs 2014 2015 2016 2017 2018

S I S I S I S I S I

Ampicillin Trihydrate 16 9 21 3 0 4 18 0 10 0

Ampicillin/Sulbactam 36 13 36 8 17 13 36 7 30 20

Cefazolin 42 0 41 0 43 0 29 4 40 10

Ceftriaxone 44 0 38 0 48 0 29 0 50 0

Cefoperazone/Sulbactam 93 0 95 0 83 4 93 4 100 0

Ceftazidime 69 2 79 3 74 0 71 0 70 0

Cefepime 98 0 92 0 70 0 71 0 90 0

Aztreonam 58 0 38 31 48 0 50 4 70 0

Imipenem 91 2 97 0 91 0 96 0 100 0

Gentamicin 67 2 59 0 100 0 64 0 70 10

Amikacin 98 0 95 0 96 0 100 0 100 0

Levofloxacin 40 4 46 0 26 0 29 7 70 0

Ciprofloxacin 38 0 41 0 22 4 32 0 60 0

Bactrim 56 0 56 0 57 0 46 0 80 0

Nitrofurantoin 84 4 92 3 78 9 89 7 100 0

Abbreviations: S, susceptible I, intermediate.

Table 3 Sensitivity of the Major Gram-Positive E. Faecalis Isolates to Commonly Used Antibacterial Drugs (%)

Antibacterial Drugs Enterococcus faecalis

2014 2015 2016 2017 2018

S I S I S I S I S I

Ampicillin Trihydrate 50 0 63 0 75 0 40 0 100 0

Ampicillin/Sulbactam 33 0 75 0 100 0 80 0 100 0

Penicillin 83 0 88 0 75 0 40 0 80 0

Gentamicin 67 2 75 0 75 0 80 0 80 0

Levofloxacin 40 4 100 0 75 0 40 0 80 0

Nitrofurantoin 100 0 88 0 100 0 40 20 100 0

Tetracycline 50 0 50 0 0 0 20 0 60 20

Erythrocin 67 0 38 0 13 25 20 0 60 0

Ciprofloxacin 100 0 100 0 50 13 40 0 80 0

Chloramphenicol 100 0 100 0 100 0 100 0 100 0

Clindamycin 83 0 50 0 0 0 20 0 60 0

Moxifloxacin 100 0 100 0 50 13 40 0 80 0

Abbreviations: S, susceptible; I, intermediate.
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stones is not always effective, and the results of drug

sensitivity tests can usually be obtained 2–3 days after

surgery. Most infected patients will develop symptoms

such as a high fever within 24 hours of surgery. The

bacteria may not be sensitive to commonly used antibac-

terial drugs and the treatment of infection based on

empiric medication is not sufficient; therefore, urine cul-

ture and drug sensitivity tests are necessary prior to treat-

ment. Pathogen culture from stones is important to guide

the rational selection of antibiotics in clinical practice and

to effectively control urinary tract infections and post-

operative infections in patients with urinary tract stones.

Conclusion
The rate of urinary infections has decreased in recent years

along with greater control of antibiotic use in China.

E. coli and E. faecalis are still the most common uropatho-

gens of Gram-negative bacilli and Gram-positive cocci,

respectively, that cause urinary infections in patients with

urinary calculi. Mid-stream urine pathogen culture and

drug sensitivity tests should be used to select appropriate

antibacterial drugs before treatment, particularly for peri-

operative patients with urinary calculi. Our findings may

help clinicians to take adequate precautions to reduce the

risk of death in these patients.
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