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Abstract
Background: Urinary tract infections (UTIs) are among the most common infections worldwide. With continuing trends
of antibiotic resistance, the etiological distribution and antibiotic susceptibility surveillance are of great importance for
empirical antimicrobial therapy. However, the data may change with different ages. The aim of this study was to
compare the etiological pro�les and antibiotic resistance patterns of UTIs sorted by different age categories from a
tertiary general hospital during a 12-year period.

Methods: All positive urine culture results from non-repetitive UTI patients in our hospital from January 2009 to
December 2020 were collected retrospectively. The microbial distribution and antibiotic resistance rates were analyzed
by WHONET 5.6 software. The etiological pro�les sorted by different age categories (newborn, pediatric, adult, and
geriatric) and antibiotic resistance rates of the top 5 pathogens were analyzed.

Results: A total of 13308 non-repetitive UTI patients were included in our study. Enterococcus faecium was dominant in
newborn, and replaced by Escherichia coli in other age categories. The etiological pro�les of different age categories
were divergent, sorted by genders (male and female) and ward types (outpatient, in-patient, ICU, and emergency).
Escherichia coli, Klebsiella pneumoniae, Enterococcus faecalis, Enterococcus faecium, and Pseudomonas aeruginosa
were the top 5 pathogens in all age categories. The resistance rates of cefperazone-sulbactam and piperacillin-
tazobactam in Escherichia coli were low in all age categories. The resistance rates of cephalosporins, carbapenems, and
�uoroqinolones in Klebsiella pneumoniae were higher in geriatric patients overall. Enterococcus faecium was more
resistant than Enterococcus faecalis in all age categories.

Conclusions: The UTI etiological pro�les and antibiotic resistance patterns were divergent among different age
categories, thus different empirical antibiotic therapies should be considered for different ages.

Introduction
Urinary tract infections (UTIs) are the infection of urethra (urethritis), bladder (cystitis) or kidney (pyelonephritis). It is
among the most common infections worldwide, with substantial morbidity, mortality, and economic burden [1, 2, 3].
Women are more susceptible to UTIs. Over 60% of women will experience at least one UTI during their lifetime, and
20%-30% of them will experience recurrent UTI within the next 6 months [4]. Additionally, the prevalence of UTI increases
with age, which could reach up to 20% among women older than 65 years [5].

Previous studies showed that uropathogenic Escherichia coli caused approximately 80% of UTIs [6], while the
prevalence of pathogens varied in different regions or different studies [7, 8, 9]. Moreover, the diagnosis and treatment of
UTI were different across different age groups [10], e.g. young women with UTI were different from those older than 65
years, and the antibiotic choices for treating UTI were different between pediatric and adult patients. To the best of our
knowledge, few studies have systematically compared the UTI etiological pro�les and antimicrobial resistance patterns
for patients of different ages.

Peking University First Hospital is a 1800-bed tertiary general hospital of Peking University, in Beijing, China. Both
nephrology and urology departments are the top 1 key discipline in China, and approximately 14000 urine cultures were
ordered annually. Thus the data from large sample size of a 12-year period were retrospectively collected and analyzed
to better characterize the etiological pro�les and antibiotic resistance patterns among different age categories (newborn,
pediatric, adult, and geriatric).

Materials And Methods
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Subjects and study design
The results of positive urine culture from patients suspected of UTIs, including pathogen identi�cation and antibiotic
susceptibility testing, were retrospectively collected from January 2009 to December 2020 in our hospital. Only non-
repetitive isolates (the �rst isolate from the single patient) were included. A total of 13308 non-repetitive positive urine
culture results were collected and analyzed by WHONET 5.6 software. The criteria for a positive urine culture for UTI
diagnosis was the pure culture or less than 2 kinds of bacteria grown ≥ 104 or 105 cfu/ml, as previously described [11].

The included patients were categorized into 4 different age groups according to WHONET 5.6 software de�nition [12]:
the age ≤ 28 days was newborn, 28 days < age ≤ 14 years was pediatric, 14 years < age ≤ 65 years was adult, and the
age > 65 years was geriatric. The 4 age categories were analyzed and compared for pathogen distribution and their main
pathogens’ antibiotic susceptibility testing.

Sample collection and culture
The procedure of urine culture and subculture were performed following the standard operation procedure (SOP) by the
Department of Clinical Laboratory in our hospital. Brie�y, clean-catch midstream urine was collected from patients
suspected of UTIs, then samples were sent to clinical microbiology laboratory within 2 hours. 10µl urine with calibrated
loop was streaked into both Columbia blood agar plate and China blue lactose rosolic acid agar plate, then incubated at
35℃ aerobically for 24–48 hours with 5% CO2 atmosphere. The number of colony was counted and calculated to
concentration with unit of CFU/ml.

Bacteria identi�cation and antibiotic susceptibility testing
The bacterial identi�cation and antibiotic susceptibility testing were performed by VITEK 2 Compact automated system
(bioMeriux, France) or Phoenix 100 automated system (BD, USA), and the Minimal Inhibitory Concentration (MIC) of
each antibiotic was determined. The MICs were judged to be susceptible, intermediate, or resistant following the
breakpoints of CLSI M100 document.

Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and Staphylococcus aureus ATCC 25923 strains
were used for quality control of antibiotic susceptibility testing.

Statistical analysis
WHONET 5.6 software was used to analyze the microbial distribution and antibiotic susceptibility rates, and the
breakpoint of each antibiotic was referenced from CLSI M100 document 31th edition [13]. Categorical variables were
analyzed by chi-square test or Fisher’s exact test, and continuous variables were analyzed by the Mann-Whitney U test.
P < 0.05 was considered statistically signi�cant. GraphPad Prism version 8.0 (GraphPad, San Diego, CA, United States)
was used to perform the analyses and draw the �gures.

Results
The positive rate of urine culture was approximately 10% overall during the 12-year period. A total of 13308 non-
repetitive UTI patients were included and analyzed. Figure 1 showed the overall etiological pro�le of different age
categories. Enterococcus faecium was dominant in newborn (45%, n = 105), and replaced by Escherichia coli in pediatric
(34%, n = 362), adult (43%, n = 3416), and geriatric (40%, n = 1617) respectively.

Generally, the etiological pro�les of different age categories were divergent, sorted by genders (male and female) and
ward types (outpatient, in-patients, ICU, and emergency). The comparison of etiological pro�le between male and female
among different age categories were summarized in Table 1. The etiological pro�le was more diverse in adult male than
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in other age categories, with 13 kinds of bacteria of portion > 2%. Enterococcus faecalis was dominant in newborn male
and female, which accounted for 39% and 51% respectively. Escherichia coli became dominant gradually with the
increasing age, especially in female, which accounted for 41%, 50%, and 50% in pediatric, adult, and geriatric
respectively, while this trend was not obvious in male.

Table 1
Comparison of etiological pro�le between male and female among different age categories

Organism newborn   pediatric   adult   geriatric

male female   male female   male female   male female

(N = 
111)

(N = 
115)

  (N = 
504)

(N = 
562)

  (N = 
2208)

(n = 
5438)

  (N = 
1559)

(N = 
2470)

Escherichia coli 20% 19%   25% 41%   27% 50%   24% 50%

Enterococcus faecalis 9% 4%   14% 6%   11% 9%   8% 4%

Pseudomonas
aeruginosa

3% 0   7% 4%   10% 3%   11% 4%

Enterococcus faecium 39% 51%   19% 22%   9% 6%   11% 9%

Klebsiella pneumoniae 8% 17%   9% 12%   8% 8%   14% 13%

Staphylococcus
epidermidis

4% 0   0 0   3% 3%   2% 0

Burkholderia cepacia 0 0   0 0   3% 0   0 0

Acinetobacter
baumannii

2% 0   0 0   3% 0   3% 0

Proteus mirabilis 0 0   3% 2%   3% 4%   6% 5%

Staphylococcus
aureus

0 0   0 0   3% 2%   2% 0

Enterobacter cloacae 3% 0   4% 0   2% 0   3% 0

Morganella morganii 0 0   2% 0   2% 0   0 0

Staphylococcus
haemolyticus

0 0   2% 0   2% 0   0 0

Klebsiella aerogenes 3% 0   0 0   0 0   0 0

Klebsiella oxytoca 5% 0   2% 0   0 0   0 0

Enterococcus
gallinarum

0 2%   0 2%   0 0   0 0

Serratia marcescens 0 2%   0 0   0 0   0 0

Streptococcus
agalactiae

0 0   0 0   0 5%   0 0

Others (< 2%) 4% 5%   13% 11%   14% 10%   16% 15%

The comparison of etiological pro�le among different ward types (outpatient, inpatient, ICU, and emergency) was
summarized in Table 2. Due to the small sample size of newborn and pediatric when divided into different ward type
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subgroups, the data of these two categories were not included for analysis.

Table 2
Comparison of etiological pro�le among different ward types among the age categories of adult and geriatric

Organism adult*   geriatric*

outpatient inpatient ICU emergency   outpatient Inpatient ICU emergency

(N = 
3061)

(N = 
4390)

(N = 
290)

(N = 214)   (N = 
1730)

(N = 
1413)

(N = 
333)

(N = 618)

Escherichia coli 50% 41% 21% 18%   51% 40% 16% 19%

Klebsiella
pneumoniae

9% 7% 8% 12%   13% 11% 16% 21%

Enterococcus
faecalis

9% 10% 8% 10%   5% 7% 7% 6%

Streptococcus
agalactiae

6% 3% 0 0   2% 0 0 0

Pseudomonas
aeruginosa

4% 6% 10% 7%   5% 7% 9% 9%

Proteus
mirabilis

3% 3% 4% 4%   4% 5% 8% 8%

Staphylococcus
epidermidis

3% 3% 0 2%   0 0 0 0

Enterococcus
faecium

2% 8% 26% 28%   3% 11% 21% 22%

Staphylococcus
aureus

2% 2% 2% 4%   0 0 0 2%

Enterobacter
cloacae

0 2% 0 0   0 3% 0 0

Acinetobacter
baumannii

0 2% 0 2%   0 0 6% 3%

Klebsiella
oxytoca

0 0 0 0   2% 0 0 0

others (< 2%) 12% 13% 21% 13%   15% 16% 17% 10%

*Due to the small sample size in newborn and pediatric categories from different wards, these were not included for
analysis. Only the data from adult and geriatric categories were included for analysis.

Escherichia coli, Klebsiella pneumoniae, Enterococcus faecalis, Enterococcus faecium, and Pseudomonas aeruginosa
were the top 5 species in all age categories, and their antibiotic resistance rates sorted by different age categories were
shown in Fig. 2–6 respectively. The resistance rates of cefperazone-sulbactam and piperacillin-tazobactam in
Escherichia coli were low in all age categories, and the resistance rates of cephalosporins, carbapenems, and
�uoroqinolones of Klebsiella pneumoniae were higher in geriatric overall. Enterococcus faecium was more resistant
compared with Enterococcus faecalis in all age categories. Pseudomonas aeruginosa was mainly isolated from adult
and geriatric, and the overall resistance rates were higher in adult except cefperazone-sulbactam (14.1% vs. 24.2%, P < 
0.05).
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Discussion
UTIs are among the most common infections worldwide and caused predominantly by uropathogenic Escherichia coli
(UPEC), which could lead to recurrence, renal damage, sepsis, or even death [6]. Thus early and appropriate empirical
antibiotic therapy is of great importance. UTIs are a signi�cant cause of morbidity in infant boys, older men, and
females of all ages [1]. David et al. characterized the etiological pro�le of UTI in children < 2 years of age, showing that
Escherichia coli proportion increased with age while Klebsiella spp. and Enterococcus spp. proportions decreased with
age, with the average percentages of 56.9%, 14.1%, and 11%, respectively [14]. While the data of adults were different
from children to some extent [6, 8, 9]. Thus the etiological pro�le and antibiotic susceptibility may change with age.
However, few studies systematically compared the data of different ages, especially when subdivided by different ward
types (outpatient, inpatient, ICU, or emergency) or gender (male or female). We presumed the underlying factors in these
subgroups may be different, and age could be an important factor when considering empirical antibacterial therapy.

Although Escherichia coli in this study was still the dominant urinary pathogen in pediatric (34%, n = 362), adult (43%, n 
= 3416), and geriatric (44%, n = 1617), the percentage was lower than the report from China mainland (49.7%) [15],
Taiwan (60.5%) [16] and Ethiopia (52.7%) [8]. One possible reason could be the proportion of complicated UTIs were
higher than uncomplicated UTIs in our study, as both urology and nephrology departments in our hospital are the top 1
key discipline in China, with more intractable UTI patients visiting. The etiological pro�les were also different in speci�c
age populations, such as pediatrics [15], veterans [16], and pregnant women [17]. We also found the etiological pro�le
was more diverse in adult than pediatric and geriatric patients, while the diversity was low in newborn. This is probably
because the proportion of adult was the largest among all age categories, and the newborn were mostly from inpatients
due to nosocomial or complicated UTIs. Furthermore, we analyzed the adult and geriatric patients subdivided by wards
types. The proportion of Escherichia coli decreased, while some nosocomial infection associated pathogens (Klebsiella
peumoniae, Pseudomonas aeruginosa, and Acinetobacter baumannii) increased in ICU and emergency department.
More broad-spectrum antibiotics were used in ICU and emergency department compared with outpatient and non-ICU
inpatient, which showed different etiological pro�le in these age categories in different ward types.

The dominant uropathogen in newborn was Eenterococcus faecium (45%) instead of Escherichia coli (20%). The
proportion was lower than previous studies from West Asia and Europe (50%-57%) [18, 19], thus high proportion of non-
E. coli uropathogens in newborns should be noticed when considering appropriate treatment. The percentage of
Escherichia coli increased with age while the percentage of Enterococcus faecium decreased with age, which was in
accordance with previous study [14]. The resistance rate of Enterococcus faecium was high to multiple available
antibiotics in both newborn and pediatric, except vancomycin, linezolid, and teicoplanin. Markus et al. found that UTI
caused by Enterococcus spp. was associated with male predominance, underlying urinary abnormality, and
inappropriate empirical antibiotic therapy [20]. One possible explanation for the high percentage of Enterococcus
faecium in newborn and pediatric of this study was that, a large proportion of them was from inpatient, and might be
nosocomial infections. Thus more attention should be paid to urinary Enterococcus faecium in newborn and pediatric
patients.

Antibiotic resistance is becoming a serious global health problem [21], and updated surveillance of antimicrobial
susceptibility of speci�c type of infection is of great importance for initial empirical therapy [9]. The resistance rates of
ampicillin, sulfamethoxazole-trimethoprim, and cephalosporins for Escherichia coli were higher in newborn and pediatric
than in adult and geriatric overall, probably due to the inappropriate use of the these drugs, especially in the community
setting. The resistance rates of carbapenems, pipercillin-tazobactam, and nitrofurantoin were < 5% in Escherichia coli
overall, thus could be used for empirical treatment of UTI (Fig. 2). The resistance rate of Klebsiella pneumoniae was
more serious compared with Escherichia coli (Fig. 3). The resistance rates of cephalosporins, �uoquinolones and
carbapenems were higher in adult than in geriatric (P < 0.05). The overall resistance rates of Enterococcus faecium were
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higher than Enterococcus faecalis (Figs. 4 and 5, P < 0.05). The resistance was more serious in adult and geriatric, with
the trend of increasing with age.

This study has certain limitations: Firstly, due to its single-center and retrospective nature, the patients’ selection bias
existed and detailed clinical characteristics were not available. Secondly, although we enrolled a large sample size of
13308 non-repetitive patients from a tertiary general hospital, which has the top 1 discipline of nephrology and urology
in China during a 12-year period, our data may not fully stand for the community or other speci�c population (e.g. mild
or asymptomatic UTI patients), thus the conclusion should be extended with caution. Nevertheless, our results
emphasized that the etiological pro�le and antibiotic susceptibility patterns of UTI patients were different among
different age categories from large sample size, which are fundamental for designing proper antimicrobial therapy and
provided the basis for high-quality research in the future.

Conclusions
The etiological pro�les and antibiotic susceptibility patterns showed high divergence among different age categories in
a tertiary general hospital during a 12-year period. Thus different antibiotic choices should be considered for treating
patients of different ages.
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Figure 1

Distribution of urinary pathogens in different age categories.
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Figure 2

Antibacterial resistance rates of urinary Escherichia coli in different age categories.
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Figure 3

Antibacterial resistance rates of urinary Klebsiella pneumoniae in different age categories.
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Figure 4

Antibacterial resistance rates of urinary Enterococcus faecalis in different age categories.
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Figure 5

Antibacterial resistance rates of urinary Enterococcus faecium in different age categories.
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Figure 6

Antibacterial resistance rates of urinary Pseudomonas aeruginosa in different age categories.


