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Abstract

Objective: To explore an approach to identify the risk of local prevalence of extended-spectrum 

beta-lactamase producing Enterobacterales (ESBL-E) on ESBL-E colonization or infection, and 

reassess known risk factors.

Design: Case-control study.

Setting: Johns Hopkins Health System emergency departments (EDs) in the Baltimore-

Washington, D.C. region.

Patients: Patients aged ≥18 years with a culture growing Enterobacterales between 4/2019–

12/2021. Cases had a culture growing an ESBL-E.

Methods: Addresses were linked to Census Block Groups and placed into communities using a 

clustering algorithm. Prevalence in each community was estimated by the proportion of ESBL-E 

among Enterobacterales isolates. Logistic regression was used to determine risk factors for ESBL-

E colonization or infection.

Results: ESBL-E were detected in 1167 of 11,229 patients (10.4%). Risk factors included a 

history of ESBL-E in the prior year (OR, 15.62; 95% CI, 11.25–21.68), and exposure to a skilled 

nursing or long term care facility (OR, 1.66; 95% CI, 1.39–1.99), 3rd generation cephalosporin 

(OR, 1.83; 95% CI, 1.50–2.23), carbapenem (OR, 2.01; 95% CI, 1.46–2.78) or trimethoprim-

sulfamethoxazole (OR, 1.53; 95% CI, 1.05–2.22) within the prior 6 months. Patients were at lower 
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risk if their community had a prevalence <25th percentile in the prior 3 months (OR, 0.84; 95% 

CI, 0.71–0.98), 6 months (OR, 0.84; 95% CI, 0.71–0.99) or 12 months (OR, 0.81; 95% CI, 0.69–

0.96). There was no association between being in a community >75th percentile and the outcome.

Conclusions: This method of defining the recent local prevalence of ESBL-E may partially 

capture differences in the likelihood of a patient having an ESBL-E.

Introduction

Infections due to ESBL-E are associated with increased morbidity and mortality compared 

to infections due to non-ESBL-E.1,2 Prior data suggests that this is in part due to delays in 

the initiation of effective antimicrobial therapy.3,4 ESBL-E are resistant to many commonly 

used beta-lactam antibiotics and may also harbor resistance to other classes of antibiotics 

but remain susceptible to carbapenems.5,6 However, judicious carbapenem use in clinical 

practice is essential to reduce the risk of selecting for carbapenem-resistant organisms.7 

There is a need to further understand risk factors for infection with ESBL-Es, particularly 

among patients presenting to the ED where results of rapid diagnostic tests are typically 

unavailable at the time of empiric antibiotic selection, to inform antibiotic decision-making.

Recent residence in or travel to a country with a high prevalence of ESBL-E has been 

identified as an ESBL-E risk factor.8,9 The prevalence of ESBL-E not only varies at the 

country level, but also within smaller geographic regions such as a county or city.10,11 

These differences in prevalence are due to specific community characteristics that affect the 

transmission dynamics of ESBL-E and place patients in distinct communities at different 

risk for ESBL-E colonization or infection.12–17 Identifying whether a patient resides in a 

community with high ESBL-E prevalence can help clinicians risk stratify patients. However, 

no studies have investigated how to distinguish these different local communities in order 

to estimate the risk of ESBL-E infection or colonization at the patient level due to the 

community prevalence of ESBL-E. U.S. Census Block Group (CBG) data can be used to 

cluster patients into aggregates based on shared demographics and geography, which may 

approximate different communities in a geographic region that have distinct transmission 

dynamics and prevalence of ESBL-E.

This study had two objectives: 1) to reassess previously identified risk factors for ESBL-E 

colonization or infection among ED patients, and 2) to assess whether CBG data can be used 

to cluster patients into local geographic aggregates that approximate local communities with 

differences in ESBL-E transmission to more accurately capture a patient’s risk of ESBL-E 

colonization or infection based on the local prevalence in the patient’s area of residence.

Methods

Study Setting and Population

This study included patients aged ≥18 years who presented to Johns Hopkins Health 

System (JHHS) EDs located in the Baltimore-Washington, D.C. region (Johns Hopkins 

Hospital and Johns Hopkins Bayview Medical Center, Baltimore, Maryland; Howard 

County General Hospital, Columbia, Maryland; Suburban Hospital, Bethesda, Maryland; 

and Sibley Memorial Hospital, Washington, D.C.) from 4/2019 to 12/2021 with a culture 
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obtained in the ED that grew Escherichia coli, Klebsiella pnuemoniae, Klebsiella oxytoca, or 
Proteus mirabilis. Only these organisms were included because 1) they are the most common 

organisms that produce ESBLs and 2) the microbiology laboratory employed phenotypic 

testing to confirm ESBL status for isolates. Patients with these organisms identified via 

stool surveillance cultures were excluded. Case patients had at least one culture obtained 

in the ED that grew an ESBL-producing isolate while control patients did not have an 

ESBL-producing isolate identified. Only the most recent ED encounter for a given patient 

was included. This study was approved by the Johns Hopkins University School of Medicine 

Institutional Review Board with a waiver of informed consent.

Data Collection

Clinical data were extracted from the time of presentation to the ED from a limited dataset 

of JHHS ED patients utilizing the Johns Hopkins Precision Medicine Analytics Platform, 

that includes data from the JHHS electronic health record system (Epic). Data included 

demographics, preexisting medical conditions, and presence of devices at presentation; 

hospitalizations, intensive care unit admissions and microbiologic data in the previous year; 

and long-term care facility or nursing home admissions, procedures, and antibiotics and 

gastric acid suppressant use in the previous 6 months. When assessing for a prior history of 

ESBL-E in the past year, only E. coli, K. pneumoniae, K. oxytoca, or P. mirabilis isolates 

were included. Data regarding recent international travel, clinical symptoms, and specific 

ESBL genes in the ESBL-positive organisms were not available.

Microbiology Methods

Bacterial cultures were processed at a JHHS clinical microbiology laboratory according 

to standard operating procedures. Blood cultures growing a Gram-negative organism 

underwent testing with the GenMark Dx ePlex blood culture identification Gram-negative 

(BCID-GN) panel. BCID-GN testing was limited to the first positive blood culture for a 

patient. Detection of blaCTX-M genes on the BCID-GN panel was considered confirmatory 

for ESBL status.

Additionally, all E. coli, K. pnuemoniae, and K. oxytoca underwent automated screening 

and confirmation of ESBL status by the BD Phoenix Automated System (BD Diagnostics, 

Sparks, Maryland). All P. mirabilis isolates with a ceftriaxone or ceftazidime minimum 

inhibitory concentration (MIC) ≥2 μg/mL underwent additional disk diffusion testing using 

both cefotaxime and ceftazidime, alone and in combination with clavulanate. A ≥5mm 

increase in the zone of diameter for either agent tested in combination with clavulanate 

compared to when tested alone was considered confirmatory for ESBL status.

Geospatial Analysis

The assumption underlying the geospatial analysis was that ESBL-Es are more likely to 

transmit between individuals that are part of a community than to people outside that 

community. To define communities, we used data from SafeGraph (www.safegraph.com), 

which aggregates anonymized location data from mobile devices to provide insights about 

movement patterns, to create clusters of CBGs that are more connected. Data on movement 

for the CBGs in the Baltimore-Washington, D.C. region were extracted from SafeGraph 
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from January 2019 to March 2021. We used the greedy Clauset-Newman-Moore18 and the 

Louvain algorithm19 community detection algorithms to discover clusters of CBGs in which 

residents are more likely to interact with each other rather than with people from other 

clusters (see Supplementary information for complete methods).

Alteryx (www.alteryx.com), a software platform for spatial data analytics, was used to 

retrieve census block group information based on the patient home address. Patient CBGs 

were matched to community clusters and the prevalence of ESBL-E in the prior three, six 

and twelve months was calculated using the number of ESBL-E out of the total number of 

E. coli, K. pnuemoniae, K. oxytoca, or P. mirabilis isolates within each patient’s community. 

As the community detection algorithm did not assign every CBG to a community, if a 

patient was not included in a community, the median prevalence of ESBL-E among all 

communities was imputed for the 3 month, 6 month, and 12 month prevalence of ESBL-E 

in their community. For each patient the prevalence of ESBL-E in the period 3 months, 

6 months, and 12 months prior was categorized as being in the <25th percentile, between 

the 25th and 75h percentile, or above the 75th percentile among all communities during the 

respective period.

Statistical Analysis

Descriptive statistics for patient variables were calculated using median (interquartile range) 

or frequency count (percentage) as appropriate. Univariable logistic regression models 

were used to assess the relationship between potential risk factors identified in the prior 

literature and ESBL status. A multivariable logistic regression model was then constructed 

using the same potential risk factors used in univariable analyses (Model 1). Given clinical 

significance and evidence of association with the outcome in prior literature, all variables 

were retained in the model even if they were not statistically significant. Additional 

multivariable models were constructed using the same variables with the addition of a 

categorical variable indicating the percentile for the community’s ESBL-E prevalence in 

the past 3 months (Model 2), 6 months (Model 3), or 12 months (Model 4) prior to 

presentation. Models 2, 3 and 4 were compared to Model 1 using likelihood-ratio tests. The 

goodness of fit was assessed using the Hosmer-Lemeshow test. The variable inflation factor 

was used to assess for collinearity. Subgroup analysis was also performed including only 

patients without a history of an ESBL-positive culture in the prior year utilizing the same 

multivariable models to assess for potential effect modification based on history of ESBL 

positive culture. All significance testing was done at an α level of 0.05. Data were analyzed 

using STATA version 17.0 (StataCorp, College Station, TX).

Results

From April 2019 to December 2021, there were a total of 12,905 bacterial cultures from 

11,229 patients that grew E. coli (68.8%), K. pnuemoniae (18.7%), K. oxytoca (2.9%), or 
P. mirabilis (9.6%). Among all organisms, 16.1% were isolated from blood, 78.3% from 

urine, 0.3% from a respiratory source, and 5.3% from other sources. A total of 1,167 patients 

(10.4%) had at least one culture growing an ESBL-E. The median age of patients was 

69 years (IQR, 49–82), 29.0% were male, and 53.3% were non-Hispanic white (Table 1). 
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Sixty-five percent of patients were admitted to the hospital. In the preceding year, 259 

patients (2.3%) had a prior culture that grew an ESBL-E. In the preceding 6 months, 26.3% 

of patients had received at least one dose of antibiotics and 14.1% had exposure to a skilled 

nursing facility or long-term care facility. In the previous 12 months, 23.5% had been 

hospitalized, 4.9% had been admitted to an intensive care unit (ICU), and 18.1% had a 

surgery or procedure.

Among all CBG communities, the median prevalence of ESBL-E was 9.7% (IQR, 8.3%–

11.1%) in the 3 months prior to presentation. The median percentage was 10.3% (IQR, 

8.9%–11.7%) in the previous 6 months and 10.1% (IQR, 9.3%–11.0%) in the previous 12 

months.

On univariable logistic regression analysis, the variables most strongly associated with the 

outcome were carbapenem use in the past 6 months (OR, 8.41; 95% CI, 6.77–10.43), 

presence of a tracheostomy on presentation (OR, 8.13; 95% CI, 3.92–16.89), and history 

of an ESBL-positive culture in the last year (OR, 28.76; 95% CI, 21.64–38.23) (Table 

S1). Patients had a lower odds of having an ESBL-E isolated in culture if they were in 

a community with an ESBL-E prevalence less than the 25th percentile in the 3 months 

(OR, 0.84; 95% CI, 0.72–0.98) and 12 months (OR, 0.84; 95% CI, 0.72–0.98) prior to 

admission compared to patients in communities with an ESBL-E prevenance in the 25th to 

50th percentile during those periods. This association was not significant for communities 

with ESBL-E prevalence less than the 25th percentile in the 6 months prior to admission 

(OR, 0.86; 95% CI, 0.74–1.01). There was no significant association with the outcome 

for patients who were in communities with greater than the 75th percentile for ESBL-E 

prevalence regardless of timeframe prior to presentation in which prevalence was assessed.

On multivariable analysis excluding the geospatial analysis, the odds of having an ESBL-E 

isolated in culture was higher among those who were 66–75 years of age (OR, 3.07; 95% 

CI, 2.00–4.74) and male (OR, 1.24; 95% CI, 1.08–1.43) (Table 2). Non-white patients 

were at higher risk with the highest odds being in Hispanic patients (OR, 2.22; 95% CI, 

1.77–2.79) and patients who do not identify as white, black, Asian, or Hispanic (OR, 2.51; 

95% CI, 1.86–3.39). A prior history of an ESBL-positive culture in the prior 12 months was 

strongly associated with ESBL-E isolation (OR, 15.62; 95% CI, 11.25–21.68). Exposure to 

a 3rd generation cephalosporin (OR, 1.83; 95% CI, 1.50–2.23), carbapenem (OR, 2.01; 95% 

CI, 1.46–2.78), or trimethoprim-sulfamethoxazole (OR, 1.53; 95% CI, 1.05–2.22) in the 6 

months prior to presentation were also independently associated with ESBL-E isolation. 

Patients with a tracheostomy (OR, 4.09, 95% CI, 1.74–9.60) and long-term care facility or 

skilled nursing facility exposure in the previous 6 months (OR, 1.66; 95% CI, 1.39–1.99) 

were at increased risk. A history of cancer (OR, 10.77; 95% CI, 0.63–0.94) was associated 

with a lower odds of ESBL-E isolation.

There were no substantial differences in the adjusted odds ratios and corresponding 

confidence intervals for the variables when adding the geospatial analysis (Table 2). Patients 

in communities with an ESBL-E prevalence less than the 25th percentile had a lower risk 

of having an ESBL-E isolated in culture compared to patients who were in communities 

with ESBL-E prevalence in the 25th to 50th percentile regardless of whether the prevalence 

Cherian et al. Page 5

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2024 October 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was assessed in the prior 3 months (OR, 0.84; 95% CI, 0.71–0.98), 6 months (OR, 0.84; 

95% CI, 0.71–0.99) or 12 months (OR, 0.81; 95% CI, 0.69–0.96). There was no significant 

association with the outcome for patients who were in communities with greater than 

the 75th percentile for ESBL-E prevalence regardless of timeframe prior to presentation 

in which prevalence was assessed. Results of the multivariable regression models were 

qualitatively similar when including only patients without a history of an ESBL-producing 

organism in the past year (Table S2).

There was no evidence of collinearity and all multivariable models showed good fit. There 

was no improvement in model fit for the geospatial models when compared to the base 

model.

Discussion

This study confirms the importance of several previously identified risk factors for ESBL-E 

colonization or infection, and demonstrates a weak association between the estimated local 

prevalence of ESBL-E using CBG aggregations and a patient’s risk of ESBL-E infection or 

colonization.

Similar to prior studies, the most significant risk factor was a recent history of an ESBL-

E positive culture with 15.62 times higher odds of having an ESBL-E colonization or 

infection.20,21 Additionally, recent exposure to a long-term care or skilled nursing facility, 

3rd generation cephalosporins, and trimethoprim-sulfamethoxazole were associated with an 

increased risk.20,22–25 Recent carbapenem use was also associated with an increased risk 

even when controlling for a history of an ESBL-E in the past year. Although another 

study found the same association, the reason is uncertain.22 It may be due to residual 

confounding from providers accounting for more remote history of ESBL-positive cultures 

when prescribing antibiotics. Notably, patients with a history of cancer had a lower risk of 

having an ESBL-E isolated on culture, contrary to prior studies, perhaps due to behavioral 

factors that are more common in this group (e.g., social distancing) that reduce exposure to 

ESBL-E in the community.25–27

Community transmission of ESBL-Es has increased 8-fold over the past two decades 

globally.28 Patients who are from countries with higher prevalence are more likely to be 

colonized and colonization confers higher risk for development of an ESBL-E infection.28–

32 Although differences in prevalence have most often been described on the country level, 

geospatial mapping has shown differences in prevalence within areas of a single city.11 The 

differences in prevalence within these local communities has been postulated to be related 

to specific environmental factors, such as contaminated food or water sources, presence 

of farmland with animals that harbor ESBL-E, or overcrowded housing that promotes 

transmission.14–17 Differences in the demographics also contribute, such a larger proportion 

of foreign-born residents leading to importation of ESBL-E from other countries into that 

local community.12,13 Additionally, the interconnectivity between individuals within an area 

likely plays a key role in transmission. Such factors lead to unique transmission dynamics 

within that specific local community and thus lead to a different prevalence of ESBL-E. 

Being able to identify if a patient resides in a local community with low or high ESBL-E 
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prevalence would assist clinicians in assessing risk of ESBL-E infection for that patient. 

However, it is challenging to define these local communities given they are not defined by 

geography alone.

We used a novel approach to estimate local prevalence of ESBL-E by utilizing CBG 

data to cluster patients into aggregates based on geography and shared demographics to 

approximate the local communities in which there may be distinct ESBL-E transmission. 

Patients who were in communities that were below the 25th percentile for prevalence had 

16–19% lower odds of ESBL-E colonization or infection compared to those in the 25th 

to 75th percentile, although this is a weak association. There was no increased risk for 

patient’s in communities that were above the 75th percentile in prevalence. The findings 

suggest that the methods used to aggregate CBGs may capture only some of the relationship 

between ESBL-E prevalence in local communities and the risk of ESBL-E colonization 

or infection. A method that accurately captures the variations in local prevalence and can 

inform risk stratification should show an increased risk of ESBL-E infection or colonization 

among patients in high prevalence areas and decreased risk for those in low prevalence 

areas. Further exploration of how geographic data can be used to aggregate patients into 

meaningful groups where transmission differs is warranted.

This study has some limitations. The majority of Enterobacterales isolated in this study were 

from non-sterile sites and data were not available regarding clinical symptoms. Although 

it is presumed these cultures were obtained due to concern for infection at the site of 

collection, it is possible that the isolated organisms represented colonization. Thus, we were 

not able to assess the risk of infection alone. Data regarding travel to a foreign country was 

also not available for analysis so models could not be adjusted for recent travel to a foreign 

country with high ESBL-E prevalence; however, there was likely less foreign travel during 

this time due to the COVID-19 pandemic. Further, there may have been missing data due 

to the retrospective nature of the study that led to misclassification of exposures, although 

this would not be expected to differ between cases and controls. Additionally, our study only 

assessed ESBL production in E. coli, K. pnuemoniae, K. oxytoca, and P. mirabilis in which 

phenotypic identification of ESBL production was performed routinely by the microbiology 

lab. Thus, there may have been patients with other ESBL-producing species that were not 

included. Finally, the prevalence of ESBL-E within each community was estimated based 

on the proportion of ESBL-E among clinical isolates of E. coli, K. pneumoniae, K. oxytoca, 
and P. mirabilis in that community. This may not truly represent the prevalence of ESBL-E 

in that community given there may be selection bias for which patients had indications for 

cultures to be obtained.

In summary, our results confirm the importance of several previously identified risk factors 

for ESBL-E colonization or infection. Additionally, we found a weak association between 

estimated local prevalence of ESBL-E using CBG aggregations and a patient’s risk of 

ESBL-E infection or colonization. Further studies are needed to explore whether geographic 

data can be used to better approximate local communities of transmission, and better 

capture the relationship between local community prevalence and the risk of infection or 

colonization.
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Refer to Web version on PubMed Central for supplementary material.

Funding Support.

This study was supported by the Modeling Infectious Diseases in Healthcare Network (award U01CK000589) 
and by the Centers for Disease Control and Prevention’s Prevention Epicenters Program (grant number 
U54CK000617-01-00). This work was also supported by the National Institute of Health T32 AI007291 to J.C. 
The content is solely the responsibility of the authors and does not necessarily represent the official views of the 
National Institutes of Health.

References

1. Kang CI, Kim SH, Park WB, et al. Bloodstream Infections Due to Extended-Spectrum 
β - Lactamase-Producing Escherichia coli and Klebsiella pneumoniae : Risk Factors for 
Mortality and Treatment Outcome, with Special Emphasis on Antimicrobial Therapy. Antimicrob 
Agents Chemother. 2004;48(12):4574–4581. doi:10.1128/AAC.48.12.4574-4581.2004 [PubMed: 
15561828] 

2. Menashe Galia, Borer Abraham, Pablo. Clinical Significance and Impact on 
Mortality of Extended-spectrum Beta Lactamase-producing Enterobacteriaceae Isolates in 
Nosocomial Bacteremia. Scandinavian Journal of Infectious Diseases. 2001;33(3):188–193. 
doi:10.1080/00365540151060806 [PubMed: 11303808] 

3. Tamma PD, Han JH, Rock C, et al. Carbapenem Therapy Is Associated With Improved 
Survival Compared With Piperacillin-Tazobactam for Patients With Extended-Spectrum 
-Lactamase Bacteremia. Clinical Infectious Diseases. Published online January 13, 2015:civ003. 
doi:10.1093/cid/civ003

4. Tumbarello M, Viale P, Viscoli C, et al. Predictors of Mortality in Bloodstream Infections 
Caused by Klebsiella pneumoniae Carbapenemase-Producing K. pneumoniae: Importance of 
Combination Therapy. Clinical Infectious Diseases. 2012;55(7):943–950. doi:10.1093/cid/cis588 
[PubMed: 22752516] 

5. Rodríguez-Baño J, Picón E, Gijón P, et al. Community-Onset Bacteremia Due to Extended-
Spectrum β-Lactamase–Producing Escherichia coli: Risk Factors and Prognosis. CLIN INFECT 
DIS. 2010;50(1):40–48. doi:10.1086/649537 [PubMed: 19995215] 

6. Bradford PA. Extended-Spectrum β-Lactamases in the 21st Century: Characterization, 
Epidemiology, and Detection of This Important Resistance Threat. Clin Microbiol Rev. 
2001;14(4):933–951. doi:10.1128/CMR.14.4.933-951.2001 [PubMed: 11585791] 

7. McLaughlin M, Advincula MR, Malczynski M, Qi C, Bolon M, Scheetz MH. Correlations of 
Antibiotic Use and Carbapenem Resistance in Enterobacteriaceae. Antimicrob Agents Chemother. 
2013;57(10):5131–5133. doi:10.1128/AAC.00607-13 [PubMed: 23836188] 

8. Tängdén T, Cars O, Melhus Å, Löwdin E. Foreign Travel Is a Major Risk Factor for 
Colonization with Escherichia coli Producing CTX-M-Type Extended-Spectrum β-Lactamases: a 
Prospective Study with Swedish Volunteers. Antimicrob Agents Chemother. 2010;54(9):3564–3568. 
doi:10.1128/AAC.00220-10 [PubMed: 20547788] 

9. Woerther PL, Andremont A, Kantele A. Travel-acquired ESBL-producing Enterobacteriaceae: 
impact of colonization at individual and community level. Journal of Travel Medicine. 
2017;24(suppl_1):S29–S34. doi:10.1093/jtm/taw101 [PubMed: 28520999] 

10. Kaye KS, Gupta V, Mulgirigama A, et al. Antimicrobial Resistance Trends in Urine Escherichia 
coli Isolates From Adult and Adolescent Females in the United States From 2011 to 
2019: Rising ESBL Strains and Impact on Patient Management. Clinical Infectious Diseases. 
2021;73(11):1992–1999. doi:10.1093/cid/ciab560 [PubMed: 34143881] 

11. Arias Ramos D, Hoyos Pulgarín JA, Moreno Gómez GA, et al. Geographic mapping of 
Enterobacteriaceae with extended-spectrum β-lactamase (ESBL) phenotype in Pereira, Colombia. 
BMC Infect Dis. 2020;20(1):540. doi:10.1186/s12879-020-05267-1 [PubMed: 32703276] 

Cherian et al. Page 8

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2024 October 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Otter JA, Natale A, Batra R, et al. Individual- and community-level risk factors for ESBL 
Enterobacteriaceae colonization identified by universal admission screening in London. Clinical 
Microbiology and Infection. 2019;25(10):1259–1265. doi:10.1016/j.cmi.2019.02.026 [PubMed: 
30849431] 

13. Reses HE, Brown C, Dumyati G, et al. Area-Based Socioeconomic Status Measures and 
Incidence of Community-Associated ESBL-Producing Enterobacteriaceae, 2017. Infect Control 
Hosp Epidemiol. 2020;41(S1):s128–s129. doi:10.1017/ice.2020.638

14. Schmithausen R, Schulze-Geisthoevel S, Heinemann C, et al. Reservoirs and Transmission 
Pathways of Resistant Indicator Bacteria in the Biotope Pig Stable and along the Food 
Chain: A Review from a One Health Perspective. Sustainability. 2018;10(11):3967. doi:10.3390/
su10113967

15. Rousham EK, Unicomb L, Islam MA. Human, animal and environmental contributors to antibiotic 
resistance in low-resource settings: integrating behavioural, epidemiological and One Health 
approaches. Proc R Soc B. 2018;285(1876):20180332. doi:10.1098/rspb.2018.0332

16. Guet-Revillet H, Le Monnier A, Breton N, et al. Environmental contamination with extended-
spectrum β-lactamases: Is there any difference between Escherichia coli and Klebsiella spp? 
American Journal of Infection Control. 2012;40(9):845–848. doi:10.1016/j.ajic.2011.10.007 
[PubMed: 22325483] 

17. Leverstein-van Hall MA, Dierikx CM, Stuart JC, et al. Dutch patients, retail chicken meat and 
poultry share the same ESBL genes, plasmids and strains. Clinical Microbiology and Infection. 
2011;17(6):873–880. doi:10.1111/j.1469-0691.2011.03497.x [PubMed: 21463397] 

18. Clauset A, Newman MEJ, Moore C. Finding community structure in very large networks. 
Published online 2004. doi:10.48550/ARXIV.COND-MAT/0408187

19. Blondel VD, Guillaume JL, Lambiotte R, Lefebvre E. Fast unfolding of communities in large 
networks. J Stat Mech. 2008;2008(10):P10008. doi:10.1088/1742-5468/2008/10/P10008

20. Anesi JA, Lautenbach E, Tamma PD, et al. Risk Factors for Extended-Spectrum β-lactamase–
Producing Enterobacterales Bloodstream Infection Among Solid-Organ Transplant Recipients. 
Clinical Infectious Diseases. 2021;72(6):953–960. doi:10.1093/cid/ciaa190 [PubMed: 32149327] 

21. Bilavsky E, Temkin E, Lerman Y, et al. Risk factors for colonization with extended-spectrum 
beta-lactamase-producing enterobacteriaceae on admission to rehabilitation centres. Clinical 
Microbiology and Infection. 2014;20(11):O804–O810. doi:10.1111/1469-0691.12633 [PubMed: 
24674024] 

22. Martinez JA, Aguilar J, Almela M, et al. Prior use of carbapenems may be a significant risk factor 
for extended-spectrum -lactamase-producing Escherichia coli or Klebsiella spp. in patients with 
bacteraemia. Journal of Antimicrobial Chemotherapy. 2006;58(5):1082–1085. doi:10.1093/jac/
dkl367 [PubMed: 16950822] 

23. Colodner R, Rock W, Chazan B, et al. Risk Factors for the Development of Extended-Spectrum 
Beta-Lactamase-Producing Bacteria in Nonhospitalized Patients. European Journal of Clinical 
Microbiology & Infectious Diseases. 2004;23(3):163–167. doi:10.1007/s10096-003-1084-2 
[PubMed: 14986159] 

24. Anesi JA, Lautenbach E, Nachamkin I, et al. Clinical and Molecular Characterization of 
Community-Onset Urinary Tract Infections Due to Extended-Spectrum Cephalosporin-Resistant 
Enterobacteriaceae. Infect Control Hosp Epidemiol. 2016;37(12):1433–1439. doi:10.1017/
ice.2016.225 [PubMed: 27678022] 

25. Ben-Ami R, Rodríguez-Baño J, Arslan H, et al. A Multinational Survey of Risk Factors for 
Infection with Extended-Spectrum β-Lactamase–Producing Enterobacteriaceae in Nonhospitalized 
Patients. CLIN INFECT DIS. 2009;49(5):682–690. doi:10.1086/604713 [PubMed: 19622043] 

26. Isendahl J, Giske CG, Tegmark Wisell K, Ternhag A, Nauclér P. Risk factors 
for community-onset bloodstream infection with extended-spectrum β-lactamase-producing 
Enterobacteriaceae: national population-based case–control study. Clinical Microbiology and 
Infection. 2019;25(11):1408–1414. doi:10.1016/j.cmi.2019.04.002 [PubMed: 30986557] 

27. Islam JY, Camacho-Rivera M, Vidot DC. Examining COVID-19 Preventive Behaviors 
among Cancer Survivors in the United States: An Analysis of the COVID-19 
Impact Survey. Cancer Epidemiology, Biomarkers & Prevention. 2020;29(12):2583–2590. 
doi:10.1158/1055-9965.EPI-20-0801

Cherian et al. Page 9

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2024 October 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



28. Bezabih YM, Sabiiti W, Alamneh E, et al. The global prevalence and trend of human intestinal 
carriage of ESBL-producing Escherichia coli in the community. Journal of Antimicrobial 
Chemotherapy. 2021;76(1):22–29. doi:10.1093/jac/dkaa399 [PubMed: 33305801] 

29. Coque TM, Baquero F, Cantón R. Increasing prevalence of ESBL-producing Enterobacteriaceae in 
Europe. Eurosurveillance. 2008;13(47). doi:10.2807/ese.13.47.19044-en

30. Reddy P, Malczynski M, Obias A, et al. Screening for Extended-Spectrum -Lactamase-Producing 
Enterobacteriaceae among High-Risk Patients and Rates of Subsequent Bacteremia. Clinical 
Infectious Diseases. 2007;45(7):846–852. doi:10.1086/521260 [PubMed: 17806048] 

31. Ruppé E, Lixandru B, Cojocaru R, et al. Relative Fecal Abundance of Extended-Spectrum-β-
Lactamase-Producing Escherichia coli Strains and Their Occurrence in Urinary Tract Infections 
in Women. Antimicrob Agents Chemother. 2013;57(9):4512–4517. doi:10.1128/AAC.00238-13 
[PubMed: 23836184] 

32. Adler A, Gniadkowski M, Baraniak A, et al. Transmission dynamics of ESBL-producing 
Escherichia coli clones in rehabilitation wards at a tertiary care centre. Clinical Microbiology and 
Infection. 2012;18(12):E497–E505. doi:10.1111/j.1469-0691.2012.03999.x [PubMed: 22963432] 

Cherian et al. Page 10

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2024 October 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cherian et al. Page 11

Table 1.

Baseline Characteristics for Emergency Department Patients with Escherichia coli, Klebsiella pnuemoniae, 
Klebsiella oxytoca, or Proteus mirabilis Isolated in Culture, by Extended-Spectrum β-Lactamase Status

Baseline Characteristics Total Cohort (N=11229) ESBL Positive (N=1167) ESBL Negative (N=10062)

Age group – No. (%)

18–25 yr 647 (5.8) 28 (2.4) 619 (6.2)

26–35 yr 990 (8.8) 89 (7.6) 901 (9.0)

36–45 yr 858 (7.6) 68 (5.8) 790 (7.9)

46–55 yr 1014 (9.0) 113 (9.7) 901 (8.6)

56–65 yr 1569 (14.0) 198 (17.0) 1371 (13.6)

66–75 yr 2010 (17.9) 263 (22.5) 1747 (17.4)

76–85 yr 2247 (20.0) 253 (21.7) 1994 (19.8)

>85 yr 1894 (16.8) 155 (13.3) 1739 (17.3)

Male Sex – No. (%) 3377 (29.0) 705 (39.6) 7147 (30.1)

Race/Ethnicity – No. (%)

White 5984 (53.4) 537 (46.0) 5447 (54.1)

Black 3267 (29.1) 348 (29.8) 2919 (29.0)

Asian 573 (5.1) 78 (6.7) 495 (4.9)

Hispanic 1000 (8.9) 135 (11.6) 865 (8.6)

Other 405 (3.6) 69 (5.9) 336 (3.3)

Comorbidities – No. (%)

Diabetes 2214 (19.7) 323 (27.7) 1891 (18.8)

Chronic Kidney Disease 1598 (14.2) 233 (20.0) 1365 (13.6)

Chronic Pulmonary Disease 1222 (10.9) 153 (13.1) 1069 (10.6)

Chronic Liver Disease 477 (4.3) 51 (4.4) 426 (4.2)

Cancer 1572 (14.0) 165 (14.1) 1407 (14.0)

HIV Positive 1126 (10.0) 167 (14.3) 959 (9.5)

Antibiotic Use (<6 Months) – No. (%)

3rd Generation Cephalosporin 1314 (11.7) 302 (25.9) 1012 (10.1)

4th Generation Cephalosporin 608 (5.4) 139 (11.9) 469 (4.7)

Piperacillin-Tazobactam 611 (5.4) 122 (10.5) 489 (4.9)

Carbapenem 363 (3.2) 167 (14.3) 196 (2.0)

Fluoroquinolone 389 (3.5) 82 (7.0) 307 (3.1)

Aminoglycoside 111 (1.0) 23 (2.0) 88 (0.9)

Trimethoprim-Sulfamethoxazole 239 (2.1) 60 (5.1) 179 (1.8)

Aztreonam 51 (0.45) 12 (1.0) 39 (0.4)

Metronidazole 472 (4.2) 81 (6.9) 391 (3.9)

Other Antibiotic 1898 (16.9) 307 (26.3) 1591 (15.8)

Any Antibiotic 2956 (26.3) 537 (46.0) 2419 (24.0)

Acid Suppressant Use (<6 Months) – No. (%)

Proton Pump Inhibitor 1363 (12.1) 247 (21.2) 1116 (11.1)

H2 Antagonist 717 (6.4) 125 (10.7) 592 (5.9)
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Baseline Characteristics Total Cohort (N=11229) ESBL Positive (N=1167) ESBL Negative (N=10062)

Device or Hardware at Presentation

Urinary Catheter 316 (2.8) 66 (5.7) 250 (2.5)

Tracheostomy 29 (0.3) 14 (1.2) 15 (0.2)

Gastrointestinal Feeding Tube 41 (0.4) 9 (0.8) 32 (0.3)

Central Line 202 (1.8) 32 (2.7) 170 (1.7)

Healthcare Exposure – No. (%)

Hospitalization (<12 months) 2640 (23.5) 432 (37.0) 2208 (21.9)

ICU Admission (<12 months) 545 (4.9) 121 (10.4) 424 (4.2)

Surgery or Procedure (<12 months) 2029 (18.1) 296 (25.4) 1733 (17.2)

Long Term Care Facility or Skilled Nursing Facility 
Admission (<6 Months)

1591 (14.2) 2 88 (24.7) 1303 (13.0)

History of ESBL-E (<12 months)– No. (%) 259 (2.3) 191 (16.4) 68 (0.7)

Percent of ESBL-E Isolates within Patient’s CBG 
Community – Median (IQR)

<3 Months 9.7 (8.3–11.1) 9.7 (9.2–11.1) 9.7 (8.2–11.2)

<6 Months 10.3 (8.9–11.7) 10.3 (9.5–11.5) 10.3 (8.9–11.7)

<12 Months 10.1 (9.3–11.0) 10.1 (9.6–11.0) 10.1 (9.2–11.0)

Abbreviations: CBG = Census block group; ESBL-E = Extended-spectrum β-lactamase producing Enterobacterales; H-2 = Histamine H2-receptor; 
HIV = Human Immunodeficiency Virus; ICU = Intensive care unit; OR = Odds Ratio
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Table 2.

Multivariable Logistic Regression Models Evaluating Risk Factors for Isolation of an Extended-Spectrum β-

Lactamase Producing Enterobacterales from Emergency Department Patients

Baseline Characteristics Model 1* Model 2† Model 3ǂ Model 4¶

Adjusted OR (95% CI)

Age group

18–25 yr Ref Ref Ref Ref

26–35 yr 2.01 (1.27–3.19) 2.02 (1.27–3.21) 2.02 (1.27–3.21) 2.01 (1.27–3.20)

36–45 yr 1.66 (1.03–2.67) 1.66 (1.03–2.68) 1.66 (1.03–2.68) 1.66 (1.03–2.67)

46–55 yr 2.50 (1.59–3.93) 2.51 (1.59–3.94) 2.50 (1.59–3.94) 2.49 (1.59–3.92)

56–65 yr 2.94 (1.90–4.55) 2.95 (1.91–4.57) 2.95 (1.91–4.57) 2.94 (1.90–4.55)

66–75 yr 3.07 (2.00–4.74) 3.09 (2.00–4.76) 3.09 (2.00–4.76) 3.08 (2.00–4.75)

76–85 yr 2.42 (1.57–3.74) 2.43 (1.57–3.75) 2.43 (1.57–3.75) 2.42 (1.57–3.74)

>85 yr 1.78 (1.13–2.78) 1.78 (1.13–2.79) 1.79 (1.13–2.79) 1.77 (1.13–2.77)

Male Sex 1.24 (1.08–1.43) 1.25 (1.09–1.44) 1.25 (1.09–1.44) 1.25 (1.09–1.44)

Race/Ethnicity

White Ref Ref Ref Ref

Black 1.23 (1.05–1.44) 1.22 (1.04–1.43) 1.22 (1.04–1.43) 1.21 (1.04–1.42)

Asian 1.62 (1.22–2.14) 1.61 (1.21–2.13) 1.61 (1.21–2.13) 1.59 (1.21–2.12)

Hispanic 2.22 (1.77–2.79) 2.22 (1.77–2.79) 2.22 (1.77–2.79) 2.21 (1.76–2.77)

Other 2.51 (1.86–3.39) 2.50 (1.85–3.37) 2.50 (1.85–3.37) 2.50 (1.85–3.37)

Comorbidities

Diabetes 1.14 (0.97–1.34) 1.14 (0.97–1.35) 1.14 (0.97–1.35) 1.14 (0.97–1.34)

Chronic Kidney Disease 1.16 (0.97–1.40) 1.16 (0.96–1.39) 1.16 (0.97–1.39) 1.16 (0.96–1.40)

Chronic Pulmonary Disease 1.00 (0.81–1.24) 1.01 (0.82–1.24) 1.01 (0.82–1.24) 1.01 (0.82–1.25)

Chronic Liver Disease 0.76 (0.54–1.05) 0.75 (0.54–1.05) 0.76 (0.54–1.05) 0.76 (0.82–1.25)

Cancer 0.77 (0.63–0.94) 0.77 (0.63–0.94) 0.77 (0.63–0.94) 0.77 (0.63–0.94)

HIV Positive 1.21 (0.98–1.49) 1.21 (0.99–1.48) 1.22 (0.99–1.50) 1.22 (0.99–1.51)

Antibiotic Use (<6 Months)

3rd Generation Cephalosporin 1.83 (1.50–2.23) 1.84 (1.50–2.23) 1.84 (1.51–2.25) 1.84 (1.51–2.25)

4th Generation Cephalosporin 1.10 (0.83–1.46) 1.10 (0.83–1.46) 1.10 (0.83–1.46) 1.11 (0.83–1.47)

Piperacillin-Tazobactam 0.89 (0.67–1.17) 0.89 (0.67–1.17) 0.89 (0.67–1.17) 0.88 (0.67–1.17)

Carbapenem 2.01 (1.46–2.78) 2.01 (1.46–2.77) 2.01 (1.46–2.77) 2.01 (1.46–2.77)

Fluoroquinolone 1.08 (0.78–1.49) 1.09 (0.79–1.50) 1.09 (0.79–1.50) 1.08 (0.78–1.50)

Aminoglycoside 0.75 (0.41–1.40) 0.75 (0.41–1.39) 0.75 (0.41–1.39) 0.75 (0.40–1.39)

Trimethoprim-Sulfamethoxazole 1.53 (1.05–2.22) 1.52 (1.05–2.22) 1.52 (1.04–2.21) 1.52 (1.04–2.21)

Aztreonam 1.43 (0.68–3.02) 1.42 (0.67–2.99) 1.42 (0.67–2.99) 1.42 (0.68–3.02)

Metronidazole 0.96 (0.69–1.33) 0.96 (0.69–1.33) 0.96 (0.69–1.33) 0.97 (0.70–1.34)

Other 1.03 (0.85–1.25) 1.03 (0.85–1.24) 1.03 (0.85–1.25) 1.03 (0.85–1.24)

Acid Suppressant Use (<6 Months)

Proton Pump Inhibitor 0.87 (0.70–1.09) 0.88 (0.70–1.09) 0.87 (0.70–1.09) 0.88 (0.70–1.08)

H2 Antagonist 1.08 (0.83–1.39) 1.08 (0.84–1.40) 1.08 (0.83–1.39) 1.07 (0.83–1.38)
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Baseline Characteristics Model 1* Model 2† Model 3ǂ Model 4¶

Adjusted OR (95% CI)

Device or Hardware at Presentation

Urinary Catheter 1.36 (0.98–1.89) 1.37 (1.72–9.45) 1.38 (0.99–1.91) 1.36 (0.98–1.89)

Tracheostomy 4.09 (1.74–9.60) 4.03 (1.72–9.45) 4.04 (1.72–9.48) 4.02 (1.71–9.47)

Gastrointestinal Feeding Tube 0.87 (0.35–2.19) 0.86 (0.34–2.15) 0.87 (0.35–2.19) 0.88 (0.35–2.21)

Central Line 0.89 (0.56–1.42) 0.88 (0.56–1.39) 0.88 (0.55–1.39) 0.88 (0.55–1.39)

Healthcare Exposure

Hospitalization (<12 months) 0.89 (0.74–1.08) 0.89 (0.74–1.08) 0.89 (0.74–1.08) 0.89 (0.74–1.08)

ICU Admission (<12 months) 1.17 (0.88–1.57) 1.18 (0.88–1.57) 1.18 (0.88–1.58) 1.18 (0.88–1.57)

Surgery or Procedure (<12 months) 1.12 (0.94–1.33) 1.12 (0.94–1.33) 1.12 (0.94–1.33) 1.12(0.94–1.33)

Long Term Care Facility or Skilled Nursing 
Facility Admission (<6 Months)

1.66 (1.39–1.99) 1.67 (1.39–2.00) 1.66 (1.39–1.99) 1.67 (1.39–2.00)

History of ESBL-E (<12 months) 15.62 (11.25–21.68) 15.62 (11.25–21.69) 15.60 (11.23–21.66) 15.74 (11.33–21.85)

Prevalence of ESBL-E within Patient’s CBG 
Community

<25th Percentile - 0.84 (0.71–0.98) 0.84 (0.71–0.99) 0.81 (0.69–0.96)

25th to 75th Percentile - Ref Ref Ref

>75th Percentile - 0.93 (0.79–1.09) 0.93 (0.79–1.09) 0.99 (0.85–1.16)

Abbreviations: CBG = Census block group; ESBL = Extended-spectrum β-lactamase; ESBL-E = Extended-spectrum β-lactamase producing 
Enterobacterales; H-2 = Histamine H2-receptor; HIV = Human Immunodeficiency Virus; ICU = Intensive care unit; OR = Odds Ratio

*
Model 1: Includes previously identified risk factors as dichotomous variables, except for age and ethnicity/race which are categorical.

†
Model 2: Model 1 and a categorical variable indicating percentile for proportion of ESBL-producing isolates within the patient’s CBG community 

in the previous 3 months.

ǂ
Model 3: Model 1 and a categorical variable indicating percentile for proportion of ESBL-producing isolates within the patient’s CBG community 

in the previous 6 months.

¶
Model 4: Model 1 and a categorical variable indicating percentile for proportion of ESBL-producing isolates within the patient’s CBG community 

in the previous 12 months.
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