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1. Introduction

The 2022 Clinical and Laboratory Standards Institute (CLSI) 
M39 guideline, “Analysis and Presentation of Cumulative 
Antimicrobial Susceptibility Test Data,” recommended the 
development of antibiograms for long-term care facilities 
(LTCFs).1 The CLSI acknowledged the challenges in 
developing an LTCF-specific antibiogram, such as outsourcing 
testing to multiple microbiology laboratories within the same 
facility, the limited number of isolates available in each 
community laboratory, and the lack of clear ownership for 
antibiogram preparation. Rather than solely extrapolating 
data from hospital inpatients, who may have higher resistance 
rates than community patients, the CLSI recommended 
preparing antibiograms based on patients in the community 

aged 65 years and older. LifeLabs in British Columbia (BC), 
Canada, is uniquely positioned to address these challenges, 
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as it is a community laboratory network with 129 collection 
centers across both rural and urban communities in BC. It 
maintains an extensive internal surveillance database that 
can be leveraged to inform public health and antimicrobial 
stewardship efforts.

The CLSI also recommended the development of 
enhanced antibiograms to address specific clinical questions 
and guide empirical antimicrobial therapy in selected patient 
populations or infection types, provided that sufficient isolates 
have been tested to ensure reasonable statistical validity.1 
LifeLabs in BC has the expertise and adequate sample size to 
create such syndromic antibiograms specific to urinary tract 
infections (UTIs) in community settings.2 The selection of 
empirical antimicrobials for UTIs in primary care is unclear 
in the guidelines issued by the Government of BC, as they 
simply refer readers to treatment resources provided through 
local hospitals, health authorities, and laboratories.3 There 
are also growing concerns regarding rising antimicrobial 
resistance among uropathogens in older adults,4 possibly 
due to the overtreatment of asymptomatic bacteriuria in 
this population.5,6 Therefore, it is important to develop a 
community-specific antibiogram for UTIs in older adults to 
illustrate the current local resistance rate.

The Canadian Pediatric Society advocates for laboratories 
to produce local, age-specific antibiograms to guide 
antimicrobial selection for targeted infections (e.g., UTIs), as 
using antimicrobial resistance patterns from other countries 
or adult patients may overestimate resistance.7 Antimicrobial 
stewardship teams in other countries also call for pediatric-
specific antibiograms.8 Pediatric urinary antibiogram data 
can be compared with geriatric urinary antibiogram data to 
determine differences in microorganism susceptibility rates, 
thereby justifying the need for specific antibiograms for each 
age group. This study aimed to create antibiograms based on 
uropathogens identified at LifeLabs, BC, Canada, harvested 
from pediatric and geriatric groups within the communities. 
The generated data will help antimicrobial stewardship teams 
provide guidance to community healthcare providers who 
manage one or both patient groups.

2. Materials and methods

2.1. Data collection and analysis

The data collection method was adapted from our previously 
published study on an enhanced antibiogram.2 A retrospective 
analysis was performed on all urine cultures processed and 
analyzed at LifeLabs, a community laboratory network 
with 129 collection centers across BC, from specimens 
taken between October 01, 2023, and September 30, 2024, 
using the Microbiology Electronic Worksheet System 
(MEWS; version  5.00.267, LifeLabs, Canada). One year 

of urinary specimen data from patients of all ages and 
genders were collected (n = 373,068), of which 13,870 and 
148,480 specimens were from the pediatric (<18 years) and 
geriatric (≥65 years) groups, respectively. The antibiograms 
were developed in accordance with the CLSI M39 guideline,1 
which recommends the inclusion of:

(i)	  At least 1 year of data
(ii)	  Diagnostic isolates only, not surveillance isolates
(iii)	 �Only the first isolate of a species per patient, excluding  

duplicates
(iv)	 �At least 30 isolates per species to meet the minimum 

sample size
(v)	  �Only antimicrobial agents routinely tested, excluding  

supplemental agents
(vi)	 �Both suppressed and unsuppressed antimicrobial 

susceptibility testing (AST) results were included to 
minimize bias from selective reporting rules

(vii) �Only the percentage of susceptible isolates, excluding 
intermediate and susceptible dose-dependent results.

GraphPad Prism Version 6.0c (GraphPad Software 
Incorporation, USA) was employed to perform statistical 
analyses, including Chi-squared tests to assess categorial 
differences between groups, with p<0.05 considered 
statistically significant.

2.2. Identification of microorganisms in urine culture

The method for identifying microorganisms in urine culture 
was established in our previous study.2 Briefly, urine 
specimens were inoculated using loops onto BD BBL™ 
CHROMagar™ (BD, USA) and Sheep Blood Agar Base 
with 5% Sheep Blood (Oxoid, Canada) plates. These plates 
were incubated under aerobic conditions and read twice, 
at 18 and 36 h of incubation. Only microorganisms with a 
minimum of 10 colonies (equivalent to approximately 1 × 
107 colony-forming units/L in routine or special cultures) 
were considered significant for growth and proceeded to 
the identification stage. A mixture of three or more different 
types of microorganisms was interpreted as contamination 
and, therefore, was not further processed. For identification, 
microorganisms were isolated and speciated using the 
VITEK2 System (bioMérieux, USA) and matrix-assisted 
laser desorption/ionization time-of-flight mass spectrometry 
(Bruker Daltonics GmbH & Co. KG, Germany), according 
to the manufacturers’ instructions. The identification results 
were recorded in the MEWS software.

2.3. AST

The AST method was described in detail in our previous 
study.2 Briefly, suspensions of microorganisms were loaded in 
the VITEK 2 System for AST according to the manufacturer’s 

2� Bladder  | Volume X | Issue X |



Mohammed and Yeung� Pediatric and geriatric urinary antibiograms

instructions, which had been previously validated using CLSI-
approved methods.9 The CLSI M100 clinical breakpoints for 
the zone of inhibition and minimum inhibitory concentration 
were used to determine susceptibility. The AST results 
were recorded in the MEWS software. However, not every 
microorganism identified had the full AST panel performed 
and reported. For instance, Streptococcus agalactiae and 
Staphylococcus saprophyticus have predictable susceptibility 
profiles that do not require testing unless specifically requested 
by the ordering clinician; therefore, their AST results were 
not included in the antibiograms to avoid selection bias, in 
accordance with the CLSI guideline.1,9 Some microorganisms 
grew on primary culture plates but failed to grow on the 
media used for susceptibility testing. Fosfomycin testing was 
performed only if specifically requested or when no other 
oral antimicrobial option was available. LifeLabs typically 
did not perform routine cephalosporin AST when evidence 
of extended-spectrum β-lactamases (ESBL) production was 
present in susceptibility patterns, such as resistance to any 
third-generation cephalosporin.

3. Results

3.1. Identification of microorganisms in urine culture

Among the 13,870 pediatric urinary specimens, the most 
common uropathogen was Escherichia coli (13.7%), followed 
by Enterococcus faecalis (2.0%), Proteus mirabilis (1.1%), 
S. agalactiae (0.9%), S. saprophyticus (0.9%), and Klebsiella 
pneumoniae (0.5%). Among the 148,480 geriatric urinary 
specimens, the most common uropathogen was E. coli 
(17.1%), followed by E. faecalis (3.6%), K. pneumoniae 
(3.4%), S. agalactiae (2.0%), P. mirabilis (1.3%), and 
Pseudomonas aeruginosa (0.8%) (Table 1). P. aeruginosa was 
identified in 29 (0.2%) pediatric specimens, but was not among 
the most common uropathogens in this group. S. saprophyticus 
was identified in 64 (0.04%) geriatric specimens, but was not 
among the most common uropathogens in this group.

3.2. AST

Table  2 presents the pediatric and geriatric antibiograms 
based on uropathogens identified from urinary specimens. 
The findings revealed that P. aeruginosa was not among 
the most common uropathogens in the pediatric group and 
therefore was not included in the antibiograms. However, 
in the pediatric group, P. aeruginosa demonstrated a 96.2% 
susceptibility to ciprofloxacin and a 100% susceptibility to 
gentamicin, based on 26 and five isolates tested, respectively.

Among the routine antimicrobials tested, ciprofloxacin 
consistently demonstrated significantly different susceptibility 
rates (p<0.05) between the pediatric and geriatric groups: 
E. faecalis (pediatric 96.3% vs. geriatric 81.4%), E. coli 

Table 1. Most common uropathogens identified in urine 
specimens at LifeLabs in British Columbia (October 01, 2023–
September 30, 2024)
Age group Uropathogen Specimens (n) Percentage

Pediatric 
(<18 years)

No significant growth 11,131 80.25
Escherichia coli 1906 13.74
Enterococcus faecalis 279 2.01
Proteus mirabilis 158 1.14
Streptococcus agalactiae 129 0.93
Staphylococcus saprophyticus 127 0.92
Klebsiella pneumoniae 63 0.45
Total 13,870 100.00

Geriatric 
(≥65 years)

No significant growth 102,521 69.05
Escherichia coli 25,422 17.12
Enterococcus faecalis 5358 3.61
Klebsiella pneumoniae 5097 3.43
Streptococcus agalactiae 2901 1.95
Proteus mirabilis 1991 1.34
Pseudomonas aeruginosa 1189 0.80
Total 148,480 100.00

(pediatric 73.7% vs. geriatric 67.3%), and P. mirabilis 
(pediatric 92.6% vs. geriatric 84.8%). Compared with 
the pediatric group, the geriatric group also exhibited a 
trend toward a reduced ciprofloxacin susceptibility in 
K. pneumoniae (pediatric 94.5% vs. geriatric 81.3%) and 
P. aeruginosa (pediatric 96.2% vs. geriatric 92.7%), although 
these differences did not reach statistical significance.

When comparing the pediatric and geriatric groups, 
E. coli isolates from the pediatric group showed a higher 
susceptibility to nitrofurantoin (pediatric 99% vs. geriatric 
97%; p>0.05) and fosfomycin (pediatric 99% vs. geriatric 
92%; p<0.05). In contrast, sulfamethoxazole–trimethoprim 
susceptibility was slightly lower in pediatric E. coli isolates 
(pediatric 79% vs. geriatric 82%; p<0.05), but higher in 
pediatric K. pneumoniae isolates (pediatric 96% vs. geriatric 
93%; p<0.05).

4. Discussion

4.1. Common microorganisms identified in urine culture

This study presented contemporary data on the distribution of 
microorganisms identified in urine cultures from pediatric and 
geriatric groups within community settings. Based on Table 1, 
the findings revealed that S. saprophyticus was commonly 
identified in the pediatric group but not in the geriatric group, 
indicating that it is a common uropathogen among young and 
sexually active females, as reported in previous studies.10,11 
In contrast, P. aeruginosa was more prevalent in the geriatric 
group, consistent with its association with catheterization, 
which is more frequently performed in elderly patients in 
LTCFs than in their younger counterparts.12,13
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Prescribers and antimicrobial stewardship teams should 
acknowledge the differences in microorganism distributions 
across age groups, as this may affect antimicrobial selection. 
This consideration is particularly important for pharmacists in 
BC, who are authorized to assess and prescribe for UTIs but 
are not yet permitted to order urine cultures and susceptibility 
testing in community settings.14,15 For instance, prescribers 
should be aware that elderly patients with UTIs unresponsive 
to nitrofurantoin, sulfamethoxazole–trimethoprim, and 
common oral β-lactam antimicrobials may have infections 
caused by P. aeruginosa, which has limited oral treatment 
options (Table 2). Notably, the presence of S. agalactiae in the 
genitourinary tract generally represents colonization rather than 
infection,16 but it has important implications for intrapartum 
management if identified during the prenatal period.17

4.2. Community pediatric and geriatric urinary 
antibiograms

Table  2 presents contemporary data on the antimicrobial 
susceptibility profiles of common uropathogens identified in 
urine specimens from pediatric and geriatric populations within 
community settings. These population-specific antibiograms 
support prescribing practices in pediatrics, where practitioners 
have expressed concern that relying on antimicrobial resistance 
patterns from adult patients or other countries may overestimate 
resistance.7 In addition, the antibiograms address the CLSI’s 
recommendation to develop antibiograms for patients aged 
65 years and older in community settings, to meet prescribing 
needs in LTCFs.1 Moreover, these data benefit pharmacists who 
can prescribe empirical therapies for UTIs but are not currently 
authorized to order AST.14,15

By examining the distribution of common uropathogens 
and resistance trends in the community, prescribers can make 
informed decisions regarding empirical antimicrobial therapy—
an area that remains insufficiently addressed in the guidelines 
issued by the government of BC.3 The guidelines recommend 
avoiding empirical fluoroquinolones, such as ciprofloxacin, 
due to moderate resistance rates and increased risk of adverse 
events, including tendinitis, central nervous system toxicity, 
aortic dissection, and Clostridioides difficile infection, all of 
which are of particular concern in elderly patients.3

In this study, the findings revealed that the effectiveness of 
ciprofloxacin declined with age: E. faecalis (pediatric 96.3% 
vs. geriatric 81.4%), E. coli (pediatric 73.7% vs. geriatric 
67.3%), and P. mirabilis (pediatric 92.6% vs. geriatric 84.8%). 
Fluoroquinolone resistance may be partially attributable 
to prolonged antimicrobial exposure,18 which may explain 
why ciprofloxacin was less effective in the geriatric group, 
likely due to greater cumulative exposure over a lifetime 
compared to the pediatric group. This finding suggests that 
the empirical use of fluoroquinolones should be discouraged 
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in elderly patients but not in the pediatric population, although 
fluoroquinolones have been associated with arthropathy 
in juvenile animal models.19,20 It is also important to note 
that fluoroquinolones are the only oral antimicrobial option 
for UTIs caused by P. aeruginosa, the sixth most common 
uropathogen identified in the geriatric group. Previous studies 
have suggested that UTIs caused by P. aeruginosa are often 
associated with elderly patients with indwelling urinary 
catheters,12,13 in which catheter removal or replacement may 
be indicated in addition to antimicrobial therapy.21

Interestingly, among the E. coli isolates, sulfamethoxazole–
trimethoprim demonstrated higher susceptibility in the 
geriatric group. In contrast, among the K. pneumoniae 
isolates, sulfamethoxazole–trimethoprim exhibited higher 
susceptibility in the pediatric group. However, the reasons 
behind these opposing trends remain unclear. Therefore, 
further studies are warranted to determine whether the 
susceptibilities of sulfamethoxazole–trimethoprim differ 
consistently across age groups. Notably, fosfomycin exhibited 
>90% susceptibility in both pediatric and geriatric E. coli 
isolates. Nevertheless, studies are lacking to support the 
clinical efficacy of fosfomycin in children.22 Based on in vitro 
data alone, it is not possible to conclude whether fosfomycin 
would be a more effective antimicrobial in the pediatric 
group, despite its higher susceptibility rates compared with 
the geriatric antibiogram. Nitrofurantoin remained the 
most effective oral option for both pediatric and geriatric 
groups, with susceptibility rates of 99% and 97% (p<0.05), 
respectively. Although cefazolin also demonstrated >99% 
susceptibility across different microorganisms in both pediatric 
and geriatric groups, isolates were not tested when resistance 
patterns suggestive of ESBL were observed. This selective bias 
may underestimate the actual resistance rate in the community 
and is a well-recognized limitation of antibiograms.1

4.3. Comparison with other studies

In this study, the common uropathogens identified in both 
pediatric and geriatric groups align with previous reports, which 
consistently list E. coli as the most prevalent uropathogen.23 
Nevertheless, there is a lack of studies that directly compare 
microorganisms and their susceptibilities between pediatric 
and geriatric populations. Some reports have suggested that the 
etiology of UTIs in elderly patients includes more gram-positive 
bacteria.24 However, that was not the case in the current study, as 
S. saprophyticus, a gram-positive bacterium, was more common 
in the pediatric group than in the geriatric group. A study of 
212 elderly patients treated with ciprofloxacin demonstrated 
microbiological eradication and clinical resolution in 88.5% and 
75.5% of patients, respectively, suggesting that ciprofloxacin 
was effective for the treatment of infections in elderly patients.25 
The finding contradicts the results of the present study, which 

demonstrated lower ciprofloxacin susceptibility in the geriatric 
group compared with the pediatric group.

Nitrofurantoin remains an excellent oral antimicrobial 
option for cystitis associated with E. coli in hospital settings. 
Antibiograms from other hospitals in BC showed that 
nitrofurantoin and fosfomycin demonstrated >98%26-28 and 
>99%29 susceptibility, respectively, among E. coli isolates. In 
contrast, sulfamethoxazole–trimethoprim and ciprofloxacin 
demonstrated susceptibility rates of 75–84%26,28,30 and 
64–77%,26,28,31 respectively. These susceptibility rates are 
consistent with the findings of the present study; however, 
the current study provides an additional breakdown of the 
susceptibility rates in pediatric and geriatric groups.

4.4. Strengths and limitations of the study

One major strength of the present study is the inclusion of data 
from a large community laboratory network, which provided 
contemporary evidence for prescribing in UTIs, a common 
condition in the community.32 The study included 373,068 
urine specimens from patients of all ages and genders from 
129 collection centers in BC, providing comprehensive and 
clinically relevant data. The study also compared the prevalence 
and susceptibility rates of microorganisms identified in urine 
specimens from both pediatric and geriatric groups within the 
same period, allowing a direct comparison of the prevalence 
and susceptibility patterns between the two groups.

A major limitation of the study is the exclusion of isolates 
with small sample sizes (n < 30) and antimicrobials not routinely 
tested, in accordance with the CLSI guidelines.1 These exclusions 
were intended to reduce selection bias that could mislead 
prescribing practices. The data from the present study should not 
be extrapolated to hospitals or communities in other geographic 
areas, and laboratories in these settings are encouraged to develop 
their own antibiograms and compare their findings with those 
of the present study. In addition, the microbiology laboratories 
did not have access to patients’ medical records and therefore 
could not determine whether the presence of microorganisms 
in urine indicated infection or colonization. Similar to prior 
studies,2 the present study did not investigate microorganisms 
present in insignificant numbers or mixed with at least two other 
types of microorganisms in urine culture, as these are deemed 
contaminants under standard laboratory practices.33 In addition, 
ESBL confirmatory testing was not routinely performed on 
isolates showing resistance patterns suggestive of ESBL, such 
as resistance to any of the third-generation cephalosporins. 
According to the 2025 CLSI M100 guideline on Enterobacterales 
AST, when using current breakpoints, routine ESBL testing is not 
necessary before reporting results.9 However, LifeLabs typically 
does not conduct routine cephalosporin AST when signs of ESBL 
are observed in susceptibility patterns. As shown in Table 2, not 
all isolates underwent cefazolin testing.
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5. Conclusion

The common uropathogens identified in urine specimens and 
their susceptibilities differ between pediatric and geriatric 
groups, highlighting the importance of developing population-
specific antibiograms in community settings. Ciprofloxacin 
demonstrated notably reduced susceptibility among 
uropathogens in elderly patients, whereas nitrofurantoin and 
fosfomycin demonstrated high susceptibility against E. coli in 
pediatric patients. In contrast, sulfamethoxazole–trimethoprim 
exhibited lower susceptibility to E. coli in children. 
Recognizing these age-related differences in antimicrobial 
resistance patterns is essential for guiding empirical therapy 
and optimizing antimicrobial stewardship efforts.
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