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Abstract
Background Urinary tract infections caused by extended-spectrum beta-lactamase (ESBL)-producing Escherichia 
coli (ESBL-E. coli) may occur as outbreaks due to common-source exposures. Yet, it is currently unknown if they cluster 
geographically as would be expected as part of an outbreak.

Methods We collected electronic health record data on all patients living in San Francisco with culture-documented 
community-onset E. coli bacteriuria in a safety-net public healthcare system from January 2014 to March 2020 
(diagnosed < 48 h after hospital admission or in outpatient clinical settings without a hospitalization in the past 90 
days). We assessed the presence of spatial clusters of (1) ESBL-E. coli bacteriuria episodes, and (2) individuals with any 
ESBL-E. coli bacteriuria episode, with Global and Local Moran’s I. We evaluated differences in prevalence of bacteriuria 
recurrence by ESBL-production by Poisson regression.

Results Out of 4,304 unique individuals, we identified spatial clusters of ESBL-E. coli bacteriuria episodes (n = 461) 
compared to non-ESBL-E. coli bacteriuria episodes (n = 5477; Global Moran’s p < 0.001). Spatial clusters of individuals 
with any bacteriuria caused by ESBL-E. coli were not identified (p = 0.43). Bacteriuria recurrence was more likely to 
occur with ESBL-E. coli (odds ratio [OR] 2.78, 95% confidence interval [95% CI] 2.10, 3.66, p < 0.001), particularly after an 
initial ESBL-E. coli bacteriuria episode (OR 2.27, 95% CI 1.82, 2.83, p < 0.001).

Conclusion We found spatial clusters of ESBL-E. coli bacteriuria episodes. However, this was partly explained by 
clustering within individuals more than between individuals, as having an ESBL-E. coli bacteriuria was associated with 
recurrence with ESBL-E. coli. These findings may help better tailor clinical treatment of patients with recurrent urinary 
tract infections after an initial episode caused by ESBL-E. coli.
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Introduction
In 2019, extended-spectrum beta-lactamase (ESBL)-
producing Enterobacteriaceae were identified as “serious 
threat” pathogens in a Centers for Disease Control and 
Prevention (CDC) report on antimicrobial resistance [1] 
Since first emerging in skilled nursing facilities, the global 
public health threat of ESBL-producing Escherichia coli 
(ESBL-E. coli) infections has been well established with 
increasing prevalence in community settings [2–7]. 
Novel risk factors associated with such infections include 
international travel and consumption of food contami-
nated with ESBL-E. coli [8–15]. Thus, it is now hypoth-
esized that such infections are due to common-source 
exposures and occur as outbreaks, defined as an increase 
in the number of observed disease cases above expected 
cases for that time and place [16]. Indeed, several studies 
have identified spatial clusters of drug-resistant Entero-
bacteriaceae infections in the community [17–20]. How-
ever, these prior studies have focused on samples from 
various clinical sources (i.e.; urine and blood), did not dif-
ferentiate between repeat or recurrent episodes, or were 
restricted to short periods of time. Thus, it is currently 
unknown whether such spatial clusters are due to repeat 
infections in the same individuals, or if they represent 
multiple patients with bacteriuria caused by ESBL-E. coli 
in close geographic vicinity of one another which would 
suggest possible outbreaks.

Here, we sought to identify spatial clusters of commu-
nity-onset bacteriuria episodes caused by ESBL-E. coli 
detected within a large urban public healthcare system 
from 2014 to 2020. We compared the frequency of recur-
rent bacteriuria by ESBL-production as potential clusters 
could be explained by bacteriuria recurrence in the same 
individual. Our goal was to provide new insight into spa-
tial clustering of these infections in community settings 
that could inform public health surveillance efforts and 
help reduce drug-resistant pathogen transmission in the 
community.

Methods
Study design, settings, and population
This is an observational study focused on patients with 
culture-proven E. coli bacteriuria receiving care from 
the San Francisco Health Network and San Francisco 
General Hospital, a safety-net public healthcare sys-
tem, from January 2014 to March 2020. This healthcare 
system includes 15 primary care clinics and an acute 
care hospital and serves a multiethnic, low-income, and 

under-studied population residing in various San Fran-
cisco neighborhoods. The hospital microbiology labora-
tory conducts all laboratory testing for the entire system. 
Bacteriuria episodes, representing either urinary tract 
infection or asymptomatic bacteriuria, were defined as 
a single urine culture growing E. coli on a unique date. 
If multiple cultures were sent on the same day, only one 
culture was considered, to avoid artificially inflating the 
number of bacteriuria episodes. Urine cultures from sep-
arate days were considered to be separate episodes, as we 
could not differentiate between an untreated and a repeat 
infection. Recurrent bacteriuria episodes were defined as 
> = 2 E. coli bacteriuria episodes in the last 6 months or 
> = 3 in the last year [21]. For this analysis, we included 
community-onset E. coli bacteriuria episodes only, 
defined as cases in which a urine culture, obtained in (a) 
an outpatient clinic or emergency department setting, or 
(b) within 48 h of inpatient admission, grew E. coli. We 
excluded patients who were hospitalized within 90 days 
of the urine culture or whose urine was sent for culture 
48 h after inpatient admission. We excluded patients with 
a documented residence outside of San Francisco County 
or those living at the public skilled nursing facility. This 
study was approved by institutional review boards from 
UCSF and SFGH (IRB number 19-27233).

Data collection
Data were extracted from electronic health records (EHR) 
for all E. coli bacteriuria cases identified from January 
2014 to March 2020 by the UCSF CTSI data abstraction 
services. We extracted data on the urine culture organism 
as well as antimicrobial susceptibility testing (AST). The 
microbiology laboratory performs AST with Microscan 
and disk diffusion tests, reporting resistance based on 
CLSI breakpoint standards [22]. The microbiology labo-
ratory reports ESBL-E. coli as an E. coli strain resistant 
to ceftazidime or cefotaxime and inhibited by clavulanic 
acid using broth microdilution, per 2016 CLSI guidelines 
[22] Bacteriuria episode caused by ESBL-E. coli was the 
main outcome of interest. Other variables included age 
at time of culture (0–17, 18–34, 35–64, or over 65 years); 
gender (women or men); self-identified race and ethnic-
ity (American Indian or Alaska Native, Asian American, 
Black or African American, Latine, Native Hawaiian or 
other Pacific Islander, Other, or White); preferred lan-
guage (any Chinese dialect, English, Other, Russian, 
Spanish, Tagalog, or Vietnamese); and insurance type 
(commercial, public, and other/unknown). Patients were 

Key points
• In a large public healthcare system, from 2014 to 2020, we found spatial clusters of all extended-spectrum beta-
lactamase-producing Escherichia coli (ESBL-E. coli) bacteriuria episodes, but not at the individual level. ESBL-E. coli 
was more likely to cause recurrent bacteriuria.
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considered as Latine if they identified having Latine eth-
nicity regardless of specified race. While analyses did not 
focus on differences by race and ethnicity, we conceptual-
ize race and ethnicity as a marker of differential environ-
mental exposures driven by cultural mores such as diet 
and travel.

Geocoding and spatial analyses
As part of system-wide efforts, addresses listed in the 
EHR in 2019 of all patients receiving care in the public 
healthcare system were geocoded to latitude and longi-
tude coordinates using ArcGIS Business Analyst 2016 
(ESRI) [23]. We conducted global spatial autocorrelation 
analyses (Global Moran’s I) to identify spatial clusters of 
ESBL-E. coli bacteriuria episodes versus non-ESBL-E. 
coli bacteriuria episodes at multiple levels: (1) episodes 
and (2) individuals. Here, we define spatial clusters of 
ESBL-E. coli bacteriuria episodes as clusters of all infec-
tions, including repeat and recurrent infections, in the 
same individual or in individuals living near one another 
as a result of repeat common-source exposures. Spatial 
clusters of individuals with any ESBL-E. coli bacteriuria 
episodes during the study period would represent clus-
ters of any such infection in different individuals living 
near one another or at the same residential address due 
to common-source exposures within a community.

Sensitivity analyses were conducted separately for 
study periods 2014–2016 and 2017–2020 to identify pos-
sible differences in spatial clustering given changes in 
guidelines for ESBL identification in 2016 [24]. In addi-
tional sensitivity analyses, E. coli bacteriuria episodes in 
the same individual within the same month were treated 
as the same episode. Analyses at the individual level 
were also stratified by race and ethnicity (Asian Ameri-
can, Black or African American, Latine, or White) and 
preferred language (any Chinese dialect, English, or 
Spanish) to identify potential differences in exposure 
due to patient sociodemographic characteristics. The 
parameters for Global Moran’s I included Euclidean dis-
tance, inverse distance for conceptualization of spatial 
relationships, and no standardization of spatial weights. 
When global clusters were identified, local clusters were 
assessed with Local Moran’s I, with inverse distance 
bands, to understand their contribution to the global 
clustering statistic. We applied a false discovery rate 
(FDR) correction which adjusts the p-value to control for 
multiple testing and spatial dependence [25, 26]. When 
multiple tests are performed on the same set of data, the 
probability of obtaining at least one false positive result 
increases. The FDR correction addresses this by control-
ling for the expected proportion of false positives among 
all the statistically significant results. This is done by 
calculating a critical p-value for each test with the Ben-
jamini-Hochberg procedure. This method produces an 

adjusted p-value by taking the original p-value, multiply-
ing it by the number of tests, and then dividing by the 
rank of that p-value. All spatial analyses were conducted 
using ArcMap 10.7.1 (ESRI).

Statistical data analysis
Descriptive statistics, including frequencies and percent-
ages for categorical data, were used to summarize vari-
ables. The likelihood of recurrent bacteriuria, (1) overall 
and (2) with ESBL-E. coli vs. non-ESBL-E. coli, for indi-
viduals with an initial ESBL-E. coli bacteriuria episode 
vs. non-ESBL-E. coli bacteriuria episode was assessed by 
Poisson regression models, adjusting for age category, 
gender, race and ethnicity, and use of antibiotics in the 
last 6 months. Analyses were conducted by RStudio4 ver-
sion 4.0.4. We report 95% confidence intervals to charac-
terize uncertainty in our effect estimates.

Results
Characteristics of the study samples and patients
From January 2014 to March 2020, 82,800 urine sam-
ples were processed at the clinical microbiology labora-
tory. Of these, 13,522 urine cultures grew an identifiable 
organism. E. coli was identified in 9,028 (67%) isolates 
(7,751 community-onset, 1,277 healthcare-onset/associ-
ated). There were 6,291 unique patients with an E. coli 
bacteriuria episode. Of the 5,576 patients who met the 
definition of a community-onset E. coli bacteriuria, 4,304 
had a valid San Francisco address. Our analyses include 
5,938 community-onset E. coli bacteriuria episodes 
from those 4,304 unique patients with a San Francisco 
address. Most patients were between the ages of 35 and 
64 (46%) (Table 1). Patients with bacteriuria were primar-
ily women (87%). The study population was multiethnic, 
with 46% Latine patients, 20% Asian or Asian American 
patients, 14% White patients, 13% Black patients, 2% 
Native Hawaiian or other Pacific Islander patients, and 
1% American Indian or Alaska Native patients. While 
most patients spoke English (53%), over a third spoke 
Spanish (34%). Many patients had public health insur-
ance (Medicare, Medi-Cal, or Healthy San Francisco; 
43%), however, most did not have insurance information 
or had other insurance (56%). Supplemental Table 1 sum-
marizes patient demographic characteristics for all 5,938 
community-onset E. coli bacteriuria episodes.

Presence of spatial clusters of ESBL-E. coli
All 5,938 E. coli bacteriuria episodes from 2014 to 2020, 
including those that were repeat or recurrent episodes in 
the same patient, were mapped using patient’s geocoded 
residential addresses. Figure 1 shows the geographic dis-
tribution of individuals with E. coli bacteriuria episodes. 
Figure 2 shows the relative prevalence of individuals with 
ESBL-E. coli bacteriuria by San Francisco neighborhood. 
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In Global Moran’s I models, we found evidence of spa-
tial autocorrelation of ESBL-E. coli bacteriuria episodes, 
or spatial clusters (p < 0.001), compared to non-ESBL-E. 
coli episodes. In Local Moran’s I models, with inverse dis-
tance band, we found evidence of local spatial autocor-
relation of ESBL-E. coli bacteriuria episodes (high-high 
clusters) in the neighborhoods of SOMA/Tenderloin, 
the Mission, and Excelsior. Sensitivity analyses excluding 

bacteriuria episodes within the same month also iden-
tified global and local spatial clusters (p < 0.001), even 
when correcting with false discovery rate.

Using the same parameters, we did not identify spa-
tial clusters of unique individuals with any ESBL-E. coli 
bacteriuria episode vs. unique individuals with only 
non-ESBL-E. coli bacteriuria episodes (p = 0.43), mean-
ing that there was no clustering between different indi-
viduals with any ESBL-E. coli bacteriuria episodes. We 
did not identify such spatial clusters of individuals with 
any ESBL-E. coli bacteriuria vs. only non-ESBL-E. coli 
in analyses stratified by racial and ethnic groups (Asian 
American patients, p = 0.8; Black patients, p = 0.3; Latine 
patients, p = 0.7; White patients, p = 0.98) or preferred 
language (Chinese dialect, p = 0.9; English, p = 0.8; Span-
ish, p = 0.7). Sensitivity analyses for years 2014–2016 and 
2017–2020 showed no spatial clusters. We restricted 
data to densely populated neighborhoods, where many 
patients receiving care within this healthcare system live 
and where evidence of spatial clustering had been found 
when mapping all episodes. No evidence of spatial clus-
tering of individuals with any ESBL-E. coli bacteriuria 
vs. individuals with any non-ESBL-E. coli bacteriuria for 
each neighborhood separately was identified (SOMA/
Tenderloin, p = 0.7, Mission, p = 0.7, Bayview, p = 0.2, 
Excelsior, p = 0.3).

Spatial clusters of individuals with recurrent ESBL-E. 
coli bacteriuria episodes were identified (p < 0.0001) vs. 
those with recurrent non-ESBL bacteriuria episodes and 
single bacteriuria episodes.

Prevalence of recurrent episode by ESBL production
Of all 5,938 E. coli bacteriuria episodes, 220 (4%) repre-
sented recurrent episodes (Table 2). Forty (18%) episodes 
were caused by ESBL-E. coli bacteriuria, compared to 421 
(7%) non-recurrent episodes caused by ESBL-E. coli bac-
teriuria. Twenty-three (58%) recurrent episodes caused 
by ESBL-E. coli occurred after an initial ESBL-E. coli 
bacteriuria episode, compared to 8 (4%) recurrent epi-
sodes caused by ESBL-E. coli that occurred after an initial 
non-ESBL-E. coli bacteriuria episode. In Poisson regres-
sion models, recurrence was more likely to occur with 
ESBL-E. coli than non-ESBL E. coli (odds ratio [OR] 2.78, 
95% confidence interval [95% CI] 2.10, 3.66, p < 0.001) 
and initial ESBL-E. coli bacteriuria episodes as part of 
recurrent episodes were more likely to be followed by 
ESBL-E. coli (OR 2.27, 95% CI 1.82, 2.83, p < 0.001). 
Moreover, with Asian American patients as the reference 
group, Black or African American patients (OR 2.60, 
95% CI 1.31, 5.16, p < 0.01) and White patients (OR 3.90, 
95% CI 1.29, 7.62, p < 0.001) had increased odds of recur-
rent bacteriuria episodes. Latine patients (OR 2.67, 95% 
CI 1.88, 3.78, p < 0.001), White patients (OR 1.56, 95% 
CI 1.03, 2.37, p = 0.04), and patients identifying as other 

Table 1 Demographic characteristics of unique patients with 
community-onset E. coli bacteriuria episodes, San Francisco, 
2014–2020

Num-
ber of 
patients
N (%)

Age category (years)

0–17 270 (6)

18–34 1167 (27)

35–64 1983 (46)

65+ 884 (21)

Gender

Women 3763 (87)

Men 541 (13)

Race and ethnicity

American Indian or Alaska Native 22 (1)

Asian American 875 (20)

Black or African American 544 (13)

Latine 1967 (46)

Native Hawaiian or other Pacific Islander 70 (2)

Other 206 (5)

White 620 (14)

Preferred language

Chinese dialect 355 (8)

English 2301 (53)

Other 75 (2)

Russian 40 (9)

Spanish 1456 (34)

Tagalog 37 (1)

Vietnamese 40 (1)

Insurance type

Commercial 27 (1)

Public 1856 (43)

Other/Unknown 2421 (56)

Years

2014 644 (15)

2015 624 (15)

2016 659 (15)

2017 748 (17)

2018 746 (17)

2019 719 (17)

2020 164 (4)

Total 4304
Note: Data from a public healthcare system including inpatient and outpatient 
services. Patients included have documented residences in San Francisco. Data 
obtained from January 2014 to March 2020
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(OR 2.20, 95% CI 1.36, 3.55, p < 0.001) had greater odds of 
having a recurrent bacteriuria episode caused by ESBL-E. 
coli.

Discussion
To our knowledge, this is the first report identifying spa-
tial clusters of community-onset ESBL-E. coli causing 
bacteriuria. We detected evidence of spatial clusters of 
ESBL-E. coli bacteriuria episodes within a large urban 
safety net healthcare system, with data spanning 6 years. 
Such clusters were not replicated when mapping unique 
individuals with any ESBL-E. coli bacteriuria episode 
during the study period. In further analyses, we found 
that patients with an initial ESBL-E. coli bacteriuria 
episode were more likely to have recurrent bacteriuria 

episodes, particularly caused by ESBL-E. coli. Thus, 
the spatial clusters of ESBL-E. coli bacteriuria episodes 
may be explained by bacteriuria recurrence in the same 
patients. This suggests the lack of evidence of local 
geographic E. coli sources affecting multiple individu-
als. However, it may be that certain individuals may be 
exposed to the same E. coli sources, leading to recurrent 
bacteriuria episodes.

Few reports to date have assessed the presence of spa-
tial clusters of infections caused by ESBL-producing 
Enterobacteriaceae and all have used different meth-
ods to report such clusters. In a 2-year study based on 
community-onset infections, Sarda et al. found spatial 
clusters of ceftriaxone-resistant Enterobacteriaceae iso-
lates by census tracts from a single healthcare center in 

Fig. 1 Spatial distribution of residences of individuals with E. coli bacteriuria episodes, San Francisco, 2014–2020
 Note: Data from a public healthcare system including inpatient and outpatient services. E. coli bacteriuria episode from patients with documented San 
Francisco residence. Frequency of E. coli bacteriuria episodes mapped, omitting those that occurred within the same month in the same individual
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Cook County, Illinois [20]. Patients living in census tracts 
with a higher percentage of Latine, foreign-born, and 
uninsured residents were more likely to have an infec-
tion with ceftriaxone-resistant Enterobacteriaceae. They 
mapped all isolates except those that were duplicates, and 
85% of the isolates came from urine. In a multi-center 
study, Logan et al. found that children living in South 
Chicago and those who were diagnosed in outpatient set-
tings were more likely to have infections with CTX-M-
9-group-producing Enterobacteriaceae [27]. Arias Ramos 
et al. mapped ESBL-producing Enterobacteriaceae 
isolates from community infections and colonization 
events diagnosed at an urban center in Colombia [28]. 
Using kernel density estimations, they found hotspots 
of patients with community-acquired infections caused 

by ESBL-producing Enterobacteriaceae in various com-
munes. Galvin et al. also found spatial clusters of drug-
resistant E. coli causing urinary tract infections in urban 
areas in the West of Ireland [17] Yet, most of these stud-
ies did not assess whether spatial clustering was driven 
by repeat or recurrent infections in the same individuals.

There are multiple factors that could explain spatial 
clustering of drug-resistant organisms. First, geographi-
cal patterns in antibiotic prescribing or consumption, 
at the neighborhood-level, may drive selection of drug-
resistant E. coli, as suggested by studies finding infec-
tion or colonization with fluoroquinolone-resistant E. 
coli to be associated with neighborhood-level fluoroqui-
nolone consumption [18, 29, 30]. Second, environmen-
tal exposures to such organisms may drive community 

Fig. 2 Spatial distribution of residences of individuals with ESBL-E. coli bacteriuria episodes, San Francisco, 2014–2020
 Note: Data from a public healthcare system including inpatient and outpatient services. E. coli bacteriuria episode from patients with documented San 
Francisco residence. Due to low numbers of ESBL-E. coli bacteriuria episodes per neighborhood, actual numbers of episodes are not specified. All ESBL-E. 
coli bacteriuria episodes mapped, omitting those that occurred within the same month in the same individual
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transmission, as noted by Arias Ramos et al., where com-
munes with higher prevalence of infections caused by 
ESBL-producing Enterobacteriaceae were located close 
to rivers and hospitals [28] Third, as we have found, it 
may be that spatial clusters of drug-resistant infections 
are explained by recurrent infections. In our analyses, 
we found that patients with an initial community-onset 
ESBL-E. coli bacteriuria episode were more likely to have 
recurrent episodes, particularly with ESBL-E. coli. While 
others have reported such recurrence patterns, they have 
not focused on community-onset infections [31, 32].

When we conducted sub-analyses by race and ethnic-
ity and preferred language, given historical segregation 
and the presence of ethnic enclaves in San Francisco, we 
found no evidence of spatial clusters of individuals with 
any ESBL-E. coli bacteriuria episode [32]. Sub-analyses 
by time period, as well as those restricted to densely-
populated neighborhoods, showed no evidence of clus-
ters. The initial spatial clusters of ESBL-E. coli bacteriuria 
episodes we found may be entirely explained by recurrent 
ESBL-E. coli bacteriuria. Yet, it is also feasible that ESBL-
E. coli bacteriuria episodes are caused by a variety of E. 
coli genotypes representative of multiple common source 
exposures throughout San Francisco. Mapping specific 

genotypes, as opposed to drug-resistant phenotypes, 
would help elucidate this hypothesis. Relatedly, Nobrega 
et al. reported spatial clusters of bloodstream infections 
caused by ST131-C2 subclade in a North East Calgary 
sector without long-term care facilities [19]. Exposure to 
food and travel has been found to be important drivers of 
transmission of drug-resistant E. coli. [13, 34, 35] Thus, it 
may be that, alternatively, foodborne outbreaks of ESBL-
E. coli did not occur in spatially distinct patterns given 
the widespread food distribution in metropolitan areas 
through large supermarket chains.

Although this is the first multi-year study evaluat-
ing the presence of spatial clusters of community-onset 
ESBL-E. coli bacteriuria from a large urban healthcare 
system caring for diverse populations, our study has sev-
eral limitations. First, we report data from one health-
care system, which limited our sample size and may have 
resulted in selection bias. Future studies may include 
other healthcare systems in San Francisco to better iden-
tify spatial clusters involving the entire prevalence of uro-
pathogenic ESBL-E. coli in San Francisco. Second, we did 
not have access to pathogen genotype data, as it is not 
routinely collected for clinical management purposes, 
and thus we could not assess spatial patterns of specific 
genotypes producing ESBL. We did not conduct spatial 
clusters analyses of antibiotic susceptibility phenotypes 
as a proxy for genotype for the following reasons: (1) 
genotypes may harbor or lose mobile genetic elements 
which may change antibiotic susceptibility phenotype 
and (2) our study was not powered to assess spatial clus-
tering of the various antibiotic susceptibility phenotypes. 
Third, we used patients’ last known geocoded address 
as of 2019, which may have resulted in some geographic 
misclassification. This may have led to a small margin of 
error, as about 10% of the population within the most 
represented neighborhoods in our study moved within 
the same county, and about 5% moved from a different 
county throughout the study period [36]. Fourth, we were 
not able to assess seasonal changes in ESBL-E. coli spatial 
prevalence due to sample size. Indeed, sensitivity analy-
ses conducted for years 2014–2016 and 2017–2020 did 
not identify any ESBL-E. coli bacteriuria episode spatial 
clusters. Finally, our data, as any other healthcare system-
based data, were limited to individuals who had a pro-
cessed urine culture. However, current IDSA guidelines 
do not recommend routine urine culture testing in all 
patients with symptoms suggesting urinary tract infec-
tion [37]. As such, data on all patients with a community-
onset urinary tract infection would not be available in 
any other healthcare system-based study.

Table 2 Frequency of recurrent E. coli bacteriuria episodes and 
ESBL-production
Frequency of recurrentE. colibacteriuria episodes by ESBL 
production

Number of E. coli bacteriuria 
episodes (%)

Recurrent 
episodes

Non-
recurrent 
episodes

Total 
epi-
sodes

ESBL-E. coli bacteriuria episode 40 (18) 421 (7) 461 (8)

Non-ESBL-E. coli bacteriuria 
episode

180 (82) 5297 (93) 5477 
(92)

Total episodes 220 (100) 5718 (100) 5938 
(100)

Frequency of ESBL production in recurrentE. colibacteriuria epi-
sodes by initial episode type

Number of recurrent E. coli bacteri-
uria episodes (%)

With ESBL-E. 
coli

With non-
ESBL-E. coli

Total 
epi-
sodes

Initial ESBL-E. coli bacteriuria 
episode

23 (Col% 74; 
Row% 58)

17 (Col% 9; 
Row% 42)

40 (18)

Initial non-ESBL-E. coli bacteriuria 
episode

8 (Col% 26; 
Row% 4)

172 (Col% 
91; Row% 
96)

180 
(82)

Total episodes 31 (Col% 
100; Row% 
14)

189 
(Col%100; 
Row% 86)

220 
(100)

Note: Data from a public healthcare system including inpatient and outpatient 
services. E. coli bacteriuria episode from patients with documented San 
Francisco residence
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Conclusion
In analyses spanning 6 years at a large urban safety-net 
healthcare system, we found spatial clustering of ESBL-
E. coli bacteriuria episodes among patients in commu-
nity settings. However, analyses among unique individual 
did not show such clusters, suggesting that the clusters 
we initially found may be explained by the recurrence of 
ESBL-E. coli bacteriuria in the same individuals. These 
findings have important implications in understanding 
the epidemiology of ESBL-E. coli and in the clinical treat-
ment of patients with past ESBL-E. coli bacteriuria, such 
as the greater odds of recurrent bacteriuria after an initial 
episode caused by ESBL-E. coli. Future work will include 
identification of spatial clusters of genotypes as such level 
of information would be more adequate markers of com-
mon-source exposures.
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