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 Escherichia coli is an important cause of disease in humans including being the most common 

cause of bloodstream infections (BSIs). In order to support prioritization of diseases for public 

health decision-making, a comprehensive understanding of disease burden is required. We 

evaluated the burden of E. coli infections from different perspectives including incidence rate, 

mortality rate, case fatality risk, post-infection length of stay (PI-LOS), and the burden 

attributable to antimicrobial-resistant E. coli infections. Our systematic review and meta-analysis 

revealed that when considering third-generation cephalosporin (3GC) resistance, quinolone 

resistance, or multidrug resistance, there was a significant increase in the odds of dying (30-day 

or all-cause) with resistant E. coli infections compared to susceptible infections. We studied 

incident E. coli BSIs and 30-day deaths (2014-2018) from national (Finland) and regional 

(Australia, Sweden, and Canada) surveillance. Mortality data from Australia were not available. 

Rates were directly age and sex standardized to European Union 28-country 2018 population. 

Overall and 3GC-resistant standardized rates were 97.4 and 7.1 E. coli BSI/100,000 person-years 

and increased 12.7% and 34.4% during the study, respectively. The 30-day case fatality risk was 

9.6% and standardized 30-day mortality rate was 9.7 deaths/100,000 person-years.  Using



negative binomial or logistic regression analyses, we examined E. coli BSI rate, 30-day mortality 

rate, 30-day case fatality risk, 3GC-resistance, and long PI-LOS (>75th percentile). Region, age, 

and sex were associated with E. coli BSI rate, and age was associated with 30-day mortality rate. 

Region, year, and an interaction between age and sex were associated with odds of having 3GC-

resistant E. coli BSI. Region, location of onset, 3GC resistance, and an interaction between age 

and sex were associated with 30-day mortality. Detailed case data were available for E. coli BSIs 

from the western interior, British Columbia (04/2010-12/2018). Location of onset, age, BSI foci, 

and Charlson comorbidity index (CCI) were associated with 30-day mortality. Extended-

spectrum β-lactamase-producing E. coli, location of onset, and CCI were associated with long 

PI-LOS. These results highlight the increasing E. coli BSI incidence rate, considerable mortality 

burden and evolving antimicrobial resistance, which have an important impact on human health 

and healthcare systems, especially in aging populations.  
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CHAPTER 1 

1 Introduction, literature review, and study rationale 

 

1.1 Introduction  

 This thesis addresses important aspects of the burden of disease due to Escherichia coli 

bloodstream infections (BSIs) and associated risk factors, including analyses of incidence rate, 

mortality rate, case fatality risk, post-infection length of hospital stay (LOS), and impact of 

antimicrobial resistance (AMR). In general, burden of disease is the human and economic impact 

of a disease (1). Understanding the disease frequency, severity and associated risk factors is 

required to have a comprehensive understanding of burden of disease, which allows 

prioritization of disease and informed public-health decision-making (1, 2). There are different 

burden of disease perspectives that can be explored including: absolute burden (case counts, 

prevalence, and incidence rates); health or patient burden (mortality, and morbidity); healthcare 

system burden (LOS, and hospital costs); societal or economic burden (lost productivity, and 

summary measures of burden of disease); and attributable burden (the amount of burden 

associated with a risk factor) (1, 3). Summary measures of burden of disease create one measure 

by combining the impacts of a disease on mortality and morbidity (1, 4). The most commonly 

estimated summary measure of burden of disease for infectious diseases is disability-adjusted life 

years (DALYs) (5).   
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 Population-based cohort studies are an important study design for research into the burden of 

disease for infectious diseases (6). There is complete case ascertainment from residents in a 

defined area and cases from non-residents are excluded (6, 7). These study design features 

minimize two types of selection bias, admission bias and referral bias (6-8). Usually, the 

population at risk is definable and then incidence rates can be calculated (6, 8).  

 Escherichia coli is a gram-negative bacterium that causes a variety of diseases in humans (9). 

It is the most common cause of bacterial BSIs (10-14). Population-based E. coli BSI studies have 

described the patient demographics and E. coli BSI characteristics, and reported incidence rates, 

case fatality risks, mortality rates and LOS (11-21). Two population-based studies estimated the 

factors associated with mortality in E. coli BSIs using multivariable logistic regression analyses 

(17, 20). However, none have used multivariable regression to estimate factors associated with 

incidence rate, AMR, or LOS. Antimicrobial resistance in E. coli and other infections is an 

important issue because it can increase the burden of disease (22). The impact of having an 

antimicrobial-resistant E. coli infection can be explored by estimating the burden attributable to 

having the antimicrobial-resistant infection (3). For example, Cassini et al. 2019, estimated 

DALYs to evaluate the societal burden in Europe associated with third-generation cephalosporin, 

colistin, and carbapenem-resistant E. coli infections (23). Evaluating the burden of disease for E. 

coli from a variety of different perspectives is important to allow a comprehensive understanding 

of the impact E. coli infections have on human health. 
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The objectives of the following literature review are: 

1) To define burden of disease and explore different approaches used to estimate burden of 

disease. 

2) To review the elements of population-based cohort study designs and the associated strengths 

and weaknesses when used in infectious disease research.  

3) To discuss the importance of E. coli infections in humans and explore the associated burden of 

disease from the perspective of incidence rates, mortality and LOS. Also, to place E. coli burden 

in context by comparing it to other causes of bacterial BSIs. 

4) To explore the concept of burden of disease due to antimicrobial-resistant E. coli infections.  

 

1.2 Literature review 

1.2.1 Exploring burden of disease approaches 

Burden of disease 

 Burden of disease is a commonly used phrase in the literature, but the intended meaning is not 

always consistent. In general, burden of disease means the human and economic cost of a disease 

(1). To meaningfully understand the burden associated with a specific disease, we need to 

understand both the frequency and severity of the disease (1). Burden of disease measures are 

used to compare various diseases to facilitate prioritization, planning, and decision-making. The 
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resulting public health decision-making influences funding, interventions, and research. In 

addition to burden of disease, the associated risk factors need to be understood to support 

decision-making for resource allocation to healthcare systems and setting research priorities (2). 

There is a limited amount of funding for healthcare; therefore, having a comprehensive 

understanding of the burden of disease allows distribution of resources to maximize the impact 

of the funding on the health of the population.  

Estimating burden of disease 

 There are various approaches for estimating the burden of disease and each approach provides 

insight into different aspects of burden of disease. One approach is to explore burden from an 

absolute perspective, which includes case counts, prevalence, and incidence rates. Using this 

approach, we gain information on the frequency of the disease and if we can define the 

population at risk, we can calculate incidence rates (24). To facilitate comparison between 

different populations and time periods, age and sex standardization can be performed using direct 

or indirect standardization (24). If we assess burden of disease from the perspective of the 

patient, then we are exploring disease severity (3). There are two broad categories of patient or 

health burden: mortality, and morbidity (3). We can explore mortality through case fatality risks 

(number of deaths per total number of cases) or mortality rates (number of deaths per total time 

at risk for the population) (24). Morbidity has many different facets, which include but are not 

limited to hospital admission, ICU admission, treatment failure, time to resolution, recurrence of 

infection, and secondary infection (3). Burden of disease from the healthcare system perspective 

assesses the level of healthcare utilization. Healthcare system burden can be captured through 

exploring LOS and healthcare costs, which are the costs associated with diagnosing and 
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managing the disease (3). The economic or societal perspective of burden of disease moves 

beyond the individual and addresses the cost of the disease to the broader population. Measures 

of the economic and societal burden include lost productivity, pain and suffering, burden on 

caregivers, burden on families, and summary measures of burden of disease (3). Regression 

models can be used to estimate risk factors associated with the burden of disease measures. For 

example, a Poisson regression model can estimate risk factors associated with a disease 

incidence rate or a logistic regression model can be used to estimate risk factors associated with 

mortality. We can also explore the attributable burden, which is the burden associated with a 

specific risk factor (1). The burden of disease attributable to antimicrobial-resistant infections is 

of particular interest in the effort to understand the AMR issue. In the context of antimicrobial-

resistant infections, we are interested in the impact of having antimicrobial-resistant infections 

on burden of disease measures, which can also be thought of as the added burden of disease from 

antimicrobial-resistant infections when compared to antimicrobial-susceptible infections.  

Summary measures of burden of disease 

 It is difficult to use the above burden of disease measures in isolation for decision-making 

because they only address a specific aspect of burden of disease and even when considered 

together, it is challenging to decide on the relative importance of the burden of disease measures. 

To help address these issues, summary measures of burden of disease were created. Health-

adjusted life years (HALYs) are the broad category of summary measures of burden of disease 

that synthesize the impacts of disease mortality and morbidity into a single measure (1, 4). 

HALYs are usually measured by calculating DALYs and quality-adjusted life years (QALYs) (1, 



 

 

6 

 

4). The summary measures of burden of disease can be calculated at various levels including for 

specific diseases, health outcomes, bacterial species, and risk factors.  

 DALYs are the most commonly reported summary measure of burden of disease and they 

quantify the gap between the current level of health in a population and the ideal level of health 

(4). DALYs assume that time is the best measure for burden of disease, which means that if a 

person dies early in life or lives with a disability for a long period of time then they will have 

greater burden then if they would have died late in life or had a short period of disability. To 

calculate DALYs, we add the years of life lost (YLL) due to premature mortality and years lived 

with disability (YLD) (25). One DALY represents one lost year of healthy life in the population 

being studied.    

Global Burden of Disease Project  

 The Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) is a collaboration 

between the World Bank and the World Health Organization with numerous other collaborators 

globally. It produces estimates of the burden of disease for diseases, injuries and risk factors 

stratified by age, sex, population, and time, which provides consistent, reliable burden of disease 

estimates for public health decision-making (26). There are 195 participating countries, and it 

covers 333 diseases and injuries, 84 risk factors, and 2982 sequelae of the diseases and injuries 

(26). GBD has pioneered the development of new methods and approaches for estimation of 

burden of disease. GBD uses DALYs as the summary measure of burden of disease (26). They 

are transparent regarding the uncertainty surrounding the estimates and the critical gaps in the 

data (26). For 2017, the five diseases or injuries that had the most DALYs in Canada were all 
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non-communicable diseases including, ischemic heart disease, low back pain, lung cancer, 

diabetes, and stroke (from highest DALYs to lowest) (27). The five risk factors that were the 

largest drivers of DALYs in Canada for 2017 were tobacco use, high body-mass index, dietary 

risks, high fasting plasma glucose, and high blood pressure (first to fifth) (27).    

Estimating burden of disease for infectious diseases  

 In 2010, the Ontario Burden of Infectious Disease Study (ONBOIDS) released estimates of 

the burden of infectious diseases in Ontarians (28). They estimated HALYs as the summary 

measure of burden of disease for 51 pathogens and 16 syndromes (28). The HALYs were 

constructed by adding the YLL and the year-equivalents of reduced functioning (YERF). The 

five pathogens that produced the most HALYs were hepatitis C virus, Streptococcus 

pneumoniae, human papillomavirus, hepatitis B virus, and E. coli (from first to fifth) (28). The 

five syndromes associated with the highest HALYs were pneumonia, septicaemia, urinary tract 

infections, acute bronchitis, and endocarditis (from first to fifth) (28).        

 More recently, the methods from GBD have been optimized for use with infectious diseases 

(5, 29). DALYs are still used as the summary measure of burden of disease and a pathogen-based 

incidence approach is used to allow sequelae to be linked to the incident cases (5). Including the 

impacts of sequelae on the DALYs is important since they have been shown to be a considerable 

portion of the overall DALYs for infectious diseases (5). For example, sequelae represented 82% 

of the overall DALYs for Campylobacter spp. in the Netherlands (average of 2005-2007) (5). 

Underreporting and under-ascertainment, which are important issues with infectious diseases, are 

accounted for during the calculation of the DALYs (29). The major data required as inputs for 
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calculation of DALYs include: incidence data stratified by age and sex for confirmed 

symptomatic cases, hospitalized cases and mortality, multiplication factor accounting for 

underreporting and under-ascertainment, life expectancy, disability weights usually obtained 

from GBD, and outcome trees representing the disease progression including sequelae populated 

with the probability of the health state and time spent in each (5, 29). Alternatively, the burden of 

disease can be estimated using a syndrome-based approach and this is commonly used for 

healthcare-associated infections (30). 

1.2.2 Characteristics of population-based studies 

Population-based study design 

 Population-based cohort studies are the ideal study design for exploration of the epidemiology 

of infectious diseases (6). The essential elements of a population-based cohort study are: 

complete case ascertainment in residents of a defined and geographically isolated area, exclusion 

of cases in non-residents, and ideally the population at risk can also be defined (6, 7). Selection 

bias is minimized with complete case ascertainment. (6). Specifically, population-based studies 

minimize hospital admission bias and referral bias (6-8). Hospital admission bias occurs when 

not all of the patients with infections require hospital admission (6). Laupland 2013, 

demonstrated that the patient and infection characteristics for those requiring and not requiring 

hospitalization were different (6). Patients that required hospitalization for their BSI were older, 

had more healthcare-acquired BSIs, and were more likely to die within 30-days of BSI diagnosis 

(6). Referral bias occurs when the characteristics of those in the referral population are not 

representative of the general population (31). Al-Hasan et al. 2011, demonstrated that when 
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considering patients with gram-negative BSIs, those who were older and female were less likely 

to be referred to tertiary-care hospitals (31). They also found different species of gram-negative 

bacteria were either over or underrepresented in the referral cohort (31). By excluding patients 

that are not residents of the area being studied, population-based studies limit referral bias. (6-8). 

One approach is to study a somewhat isolated geographical area because, generally, residents 

will seek and receive healthcare within the area. If there are several urban populations located 

within the same geographical area, case ascertainment would have to be performed for the entire 

region, which can be difficult if there are a number of different hospital systems and laboratories 

processing diagnostic samples. Compared to performing single-centre hospital-based studies, 

population-based studies are more labour-intensive (6). When the population-at-risk can be 

defined for a population-based study, incidence rates can be calculated (6, 8). Age and sex 

standardization of incidence rates can be performed to allow comparison of incidence rates from 

different populations and time periods (24). Population-based cohort studies have a number of 

robust methodological properties that allow them to contribute meaningful and important 

information to the infectious disease literature (6, 32).  

International Bacteremia Surveillance Collaborative 

 In order to facilitate multinational population-based studies for BSIs, the International 

Bacteremia Surveillance Collaborative (IBSC) was created (33). The IBSC creates large 

surveillance populations for studies allowing detection of emerging trends and the study of less 

common causes of BSIs (33). The IBSC has detailed criteria for participating regions, and 

established protocols for data definitions and requirements (33). The initial six participating 

regions were from four countries on three continents, and this has continued to evolve over time 
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(33). The IBSC has made significant contributions to the BSI literature through their 

multinational population-based studies, which include BSI studies on Staphylococcus aureus, 

group B streptococcus, Salmonella enterica, and Haemophilus influenzae (34-38).   

1.2.3 Escherichia coli infections in humans 

Escherichia coli 

 Escherichia coli are gram-negative bacteria from the family Enterobacteriaceae. Generally, 

E. coli are commensal bacteria that are an important part of normal healthy gastrointestinal flora, 

but they can also be pathogenic (9). Pathogenic E. coli cause a wide variety of diseases in 

humans. There are two broad categories of pathogenic E. coli: enteric E. coli (gastrointestinal 

disease including diarrhea); and extraintestinal E. coli (diseases including urinary tract 

infections, BSI, and meningitis) (9). Antimicrobial resistance (AMR) in E. coli complicates 

treatment of infections and is associated with increased mortality and length of hospital stay (22). 

Specifically, WHO considers third-generation cephalosporin-resistant E. coli a critical priority 

pathogen for new antimicrobial research and development, and the Centers for Disease Control 

and Prevention consider it a serious threat to human health (39, 40). Resistance in E. coli to 

ciprofloxacin and carbapenems also have important implications for treatment of infections.       

Escherichia coli bloodstream infections 

 Escherichia coli BSIs are common in humans and they will be the focus of the remainder of 

the literature review. In population-based BSI studies, E. coli is consistently the most common 

cause of bacterial BSI, ranging from 25.1-34.4% of all BSIs (10-14). When considering the top 
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three bacterial causes of BSIs including E. coli, the other two bacterial species varied by study 

but included Staphylococcus aureus, coagulase-negative staphylococci, and Streptococcus 

pneumoniae (10-14). A small number of population-based studies have generated results 

concerning E. coli BSI incidence, mortality, and LOS (Table 1.1) (11-21). The most recent data 

reported in the population-based E. coli BSI studies are from 2014 (Table 1.1) (19, 21). The 

location of onset for E. coli BSIs are predominantly community-onset (CO) (72.8-91.1% CO) 

with a smaller subset classified as hospital-onset (HO) BSIs (8.9-27.2% HO) (15, 17, 18, 20, 21). 

Escherichia coli BSIs occur more often in older patients and female patients (15, 17, 18, 20, 21). 

The prevalence of E. coli BSIs resistant to specific antimicrobials is commonly reported in 

population-based studies that focused specifically on E. coli BSIs. Resistance to third-generation 

cephalosporins and ciprofloxacin was found in 0.4-10.4% and 1.8-18.4% of E. coli BSIs, 

respectively (15-18, 20, 21). The prevalence of extended-spectrum β-lactamase (ESBL)-

production and carbapenemase-production in E. coli BSIs was 2-26.8% and 0-0.2%, respectively 

(15, 17-21). Analyses of AMR data were confined to exploring trends over time and comparison 

of the proportion of AMR between different categories of variables (e.g., males and females, age 

categories, HO, healthcare-acquired (HCA) and community-acquired (CA), and history of 

previous hospitalization or not) (15, 17-19, 21). Estimation of the factors associated with 

antimicrobial-resistant E. coli BSIs using multivariable regression models was not reported in 

previous population-based studies.  

Escherichia coli bloodstream infection incidence 

 Regional population-based studies reported crude and standardized E. coli BSI incidence rates 

that ranged widely from 28-80 cases/100,000 person-years and 41.4-74 cases/100,000 person-
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years, respectively (Table 1.1) (12-19). Two national population-based studies reported crude E. 

coli BSI incidence rates ranging from 44-63.5 cases/100,000 person-years (Table 1.1) (11, 21). 

Other than the study conducted in Funen County, Denmark (13), in general, the E. coli BSI 

incidence rate appeared to be increasing over time (Table 1.1). Analyses of incidences rates were 

limited to assessment of trends over time and comparison of incidence rates between different 

categories of variables (e.g., males and females, CO and HO) (12, 13, 15, 17, 18, 21). 

Multivariable regression model analysis of incidence rates was not reported in previously 

published population-based E. coli BSI studies. The E. coli BSI incidence rates can be cautiously 

compared to the incidence rates of different gram negative and gram positive bacterial causes of 

BSIs to gain a general sense of the magnitude of E. coli rates relative to other bacterial causes 

(Table 1.2). Caution is needed when making these comparisons because the studies vary in time 

period and cover different populations (Table 1.2). Consistent with E. coli being the most 

common cause of bacterial BSIs, the incidence rates for E. coli BSIs are higher than those for 

most other causes of BSIs (Table 1.2). Two population-based studies, one for Staphylococcus 

aureus BSIs, and one for Staphylococcus aureus and coagulase-negative staphylococci BSIs, 

reported incidences rates slightly above the low end of the range for the crude E. coli BSI 

incidence rate (28 cases/100,000 person-years) (Table 1.2) (13, 41). However, when comparing 

incidence rates for E. coli BSIs and different bacterial causes of BSIs from the same populations 

and time periods, the E. coli BSI rates were consistently higher (11-13, 15, 17, 42-44). 

Escherichia coli bloodstream infection mortality 

 Mortality is an important burden of disease measure and it is commonly reported in 

population-based E. coli BSI studies. However, the definition of all-cause mortality used by 
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these studies is not consistent; some report in-hospital mortality and others report 30-day 

mortality (Table 1.1). When in-hospital all-cause mortality is used, only patients that die during 

hospitalization are captured as deaths. The result is a biased estimation of mortality from a 

population perspective where the deaths are underestimated; therefore, 30-day all-cause 

mortality is the recommended mortality definition (45). The E. coli BSI case fatality risks 

reported by previous population-based studies ranged from 5-18.2% (Table 1.1) (11, 12, 16-20). 

Escherichia coli BSI mortality rates varied from 2.9-10.3 deaths/100,000 person-years (Table 

1.1) (11, 12, 17, 20). Comparing case fatality risk and mortality rate for E. coli BSIs to those for 

other bacterial causes of BSIs highlights the importance of E. coli BSIs. When considering case 

fatality risks, only a Pseudomonas aeruginosa BSI study and three Staphylococcus aureus BSI 

studies reported case fatality risks above the high end of the range for E. coli BSIs (18.2%) 

(Table 1.2) (12, 43, 44, 46). Studies for the other bacterial BSI causes reported case fatality risks 

within the range reported for E. coli BSIs (Table 1.2). All Staphylococcus aureus BSI studies and 

one Streptococcus pneumoniae study reported mortality rates within the range of those reported 

for E. coli BSIs (Table 1.2) (11, 12, 43, 46). All other bacterial BSI studies reported mortality 

rates below the low end of the range for E. coli BSIs (2.9 deaths/100,000 person-years) (Table 

1.2). Even though E. coli BSIs have lower case fatality risk than some other bacterial causes of 

BSIs, and, therefore, are sometimes viewed as less severe, their high mortality rate poses a 

substantial burden to human health.   

 Analyses of mortality in population-based E. coli BSI studies have been limited. Two studies 

compared case fatality risks between categories of variables (e.g., HO, HCA and CA, and ESBL 

and non-ESBL) (Table 1.1) (18, 19). Multivariable logistic regression analyses were performed 
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in two studies to estimate the factors associated with mortality in E. coli BSIs (Table 1.1) (17, 

20). Laupland et al. (2008), studied E. coli BSIs in residents of Calgary, Canada from 2000-2006 

(Table 1.1) (17). They found E. coli BSI patients aged 40-64 years and ≥65 years had higher 

odds of in-hospital mortality than those <40-years-old. Escherichia coli BSIs that were HO or 

HCA had higher odds of dying in-hospital compared to CA E. coli BSIs (17). Compared to 

primary E. coli BSIs, urinary tract foci had lower odds and non-urinary tract foci had higher odds 

of in-hospital mortality (17). Ciprofloxacin-resistant E. coli BSIs had higher odds of in-hospital 

mortality compared to ciprofloxacin-susceptible E. coli BSIs (17). Comorbidities associated with 

increased odds of in-hospital mortality included: cancer, haematological malignancy, stroke, 

chronic lung disease, alcoholism, and heart disease (17). Abernethy et al. (2015), analyzed E. 

coli BSIs from mandatory national surveillance in England from July 2011 to June 2012 (Table 

1.1) (20). They found E. coli BSI patients <1 year-old, 45-84 years-old, and ≥85 years-old had 

higher odds of 30-day mortality than those 1-44 years-old (20). Male E. coli BSI patients had 

higher odds of dying within 30 days compared to female patients (20). Compared to CO E. coli 

BSIs, those with HO E. coli BSIs and those not admitted to hospital had higher odds of 30-day 

mortality (20). Compared to other foci of E. coli BSIs, urinary tract foci had lower odds, and 

respiratory and unknown foci had higher odds of 30-day mortality (20). Ciprofloxacin-resistant 

E. coli BSIs had higher odds of 30-day mortality compared to ciprofloxacin-susceptible E. coli 

BSIs (20). Cephalosporin susceptibility was forced into the final multivariable logistic regression 

model and was not significant (20). Factors associated with E. coli BSI mortality have been 

explored extensively by non-population-based studies (these are reviewed further in Chapter 2).    
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Escherichia coli bloodstream infection length of hospital stay 

 An important component of hospital costs is LOS. Either total LOS covering the entire time 

from hospital admission to discharge or post-infection LOS covering the time from obtaining the 

positive blood culture to hospital discharge are generally the LOS measures reported. Only two 

population-based E. coli BSI studies reported LOS results and both reported total LOS (Table 

1.1) (17, 18). Both studies tested for the difference between median total LOS for different 

categories of the location of onset variable but did not perform multivariable regression analysis 

for LOS (Table 1.1) (17, 18). Some non-population-based studies evaluating risk factors for LOS 

have used proportional hazards models, linear regression models, and logistic regression models 

(47-49). Since it pertains to Chapter 5, the approach and results from Blandy et al. 2019 are 

presented below (49). Patients with E. coli BSIs at three teaching hospitals in west London, 

United Kingdom from January 2011 to June 2015 were included in the study. Using a 

multivariable logistic regression model, they estimated factors associated with long post-

infections LOS, which was defined as a post-infection LOS greater than the 75th percentile. They 

found E. coli BSI patients 60-79-years-old, and ≥80-years-old had higher odds of having long 

post-infection LOS than those 18-39-years-old. Escherichia coli BSI patients with urinary tract 

foci had lower odds of having long post-infection LOS compared to those with a non-urinary 

tract foci. Compared to having an Elixhauser comorbidity score of 0, those with an Elixhauser 

comorbidity score of 6-13 and ≥14 had higher odds of having long post-infection LOS. 

Multidrug-resistant E. coli BSIs had higher odds of having long post-infection LOS compared to 

non-multidrug-resistant E. coli BSIs. Location of onset, sex, and Index of Multiple Deprivation 
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were forced into Bandy et al.’s final multivariable logistic regression model and were not 

significant (49).      

1.2.4 The burden of disease due to antimicrobial-resistant Escherichia coli bloodstream 

infections  

 Antimicrobial resistance is a critical global public health crisis that threatens to undo the 

progress made by modern medicine (22, 50). As mentioned previously, resistance to third-

generation cephalosporins, ciprofloxacin, and carbapenems in E. coli complicate treatment of the 

infections. To support public health decision-making, including prioritization of funding for 

surveillance and interventions, analyses are required that answer the questions, “so what and why 

does it matter if people have antimicrobial-resistant infections?” Analysis of the burden of 

disease due to antimicrobial-resistant infections provides answers to these questions (3). When 

estimating the burden of antimicrobial-resistant infections, the additional impact on outcomes 

from patients having antimicrobial-resistant infections compared to outcomes from patients with 

antimicrobial-susceptible infections is assessed. Naylor et al. (2018), performed a comprehensive 

systematic review of the approaches used to evaluate the burden of antimicrobial-resistant 

infections (3). They explored different perspectives of burden including patient or health burden 

(mortality and morbidity), healthcare system burden (LOS and healthcare costs), and economic 

or societal burden (DALYs) (3). Chapter 2 of this thesis explores health and healthcare burden in 

antimicrobial-resistant E. coli infections. It is a systematic review and meta-analysis that 

addressed the research question, “when compared to humans with susceptible E. coli infection, 

do humans with antimicrobial-resistant E. coli infection have increased health or healthcare 

burden measures?” The AMR types included in Chapter 2 are resistance to third-generation 
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cephalosporins, resistance to quinolones, and multidrug resistance. Cassini et al. 2019, estimated 

the societal burden from antimicrobial-resistant infections (23). They used data from European 

Antimicrobial Resistance Surveillance Network, the European Centre for Disease Prevention and 

Control, and systematic reviews to calculate DALYs. Third-generation cephalosporin-resistant E. 

coli infections were associated with 37.2 DALYs/100,000 population (95% uncertainty interval 

32.8-41.8 DALYs/100,000 population). They were the most DALYs of any bacteria AMR 

combination assessed and accounted for 21.9% of the total DALYs estimated in the study. 

Colistin-resistant E. coli infections and carbapenem-resistant E. coli infections were associated 

with 2.57 DALYs/100,000 population (95% uncertainty interval 2.22-2.95 DALYs/100,000 

population), and 0.80 DALYs/100,000 population (95% uncertainty interval 0.68-0.92 

DALYs/100,000 population), respectively (23). 

 

1.3 Study rationale and objectives 

 Escherichia coli BSIs present an important burden for patients and healthcare systems since 

they are the most common type of bacterial BSI. Population-based cohort studies are the gold 

standard study design for infectious disease epidemiologic research and allow exploration of the 

burden of disease (6). There is a gap in the literature related to multinational population-based E. 

coli BSI cohort studies and there is a paucity of recent data. Among population-based E. coli BSI 

studies, few have used multivariable regression analyses to estimate risk factors associated with 

incidence rate, AMR, mortality, and LOS (17, 20). Specific to the Canadian context, there is only 

one population-based study from the Calgary region that reported results for E. coli BSIs from 
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2000 to 2006 (17). Therefore, there is a clear need for more recent and detailed analyses of 

Canadian population-based E. coli BSI data. With AMR in E. coli infections continuing to 

emerge as an important public health threat, it is also imperative to understand the burden 

associated with antimicrobial-resistant E. coli BSIs.   

 

Therefore, the objectives of this thesis and the data sources used to address them are: 

1) To evaluate whether measures of health or healthcare system burden increase in 

humans with antimicrobial-resistant E. coli infections when compared to those with susceptible 

infections in analytic observational studies (Chapter 2); 

2) To assess the incidence rate of E. coli BSIs and associated factors (Chapter 3); 

3) To evaluate factors associated with having a third-generation cephalosporin-resistant E. coli 

BSI (Chapter 3); 

4) To assess the 30-day E. coli BSI mortality rate and factors associated with mortality rate 

(Chapter 4); 

5) To evaluate the 30-day E. coli BSI case fatality risk and factors associated with case fatality 

risk (Chapter 4);  

6) To describe the characteristics, AMR, and outcomes associated with E. coli BSIs (Chapter 5); 

and 



 

 

19 

 

7) To evaluate the factors associated with 30-day mortality and long post-infection LOS in E. 

coli BSIs (Chapter 5).  

 To address objective one, we performed a systematic review and meta-analysis using standard 

methodology. We designed population-based cohort studies using multinational surveillance data 

from the IBSC to address objectives two through five. For objectives six and seven, we used 

surveillance data from the western interior area of British Columbia, Canada to conduct a 

population-based cohort study. 
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1.5 Tables 

Table 1.1: Summary of reported study details for previously published population-based studies on E. coli bloodstream infections 

Study Location Study Dates 

Crude 

incidence 

rate1 

Crude 

mortality 

rate2 

Case 

fatality 

risk 

Mortality analyses 
Length of hospital stay 

analyses 

Olmsted County, USA (15) 1998-2007 41.43     

Canberra, Australia (16) 2000-2004 28  5%4   

Funen County, Denmark (13) 

2000-2002 70.2     

2003-2005 61.8     

2006-2008 56.7     

mid-Norway (12) 2002-2013 80, 745 76, 65, 6 8.6%6   

Calgary, Canada (17) 2000-2006 30.3 2.97 11%7 

MV LR – ↑ odds of mortality7 with 

increasing age, HO, non-urinary BSI 

focus, ciprofloxacin resistance, 

comorbidities  

Total LOS median 8.3 days 

(IQR 4.8-16.5). HO longer 

than CO (p<0.0001)8 

Finland (national) (11) 2004-2007 44 3.56,9 8%6   

Auckland, New Zealand (18) 2006-2011 52  9%7 
HO & HCA more mortality7 than CA 

(p<0.001)10 

Total LOS median 7 days 

(IQR 4-16). HO & HCA 

longer than CA (p<0.001)11 

Skaraborg County, Sweden 

(14)12 
2011-2012 67.0     
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Two rural Thai provinces (19) 

2008 

2014 

2008-2014 

32.9 

51.6  

 

 

8.9%7 

ESBL more mortality7 than non-

ESBL (p<0.001)10  

England (national) (20) 
07/2011-

06/2012 
 10.36 18.2%6 

MV LR – ↑ odds of mortality 6 with 

increasing age, <1 year, male, HO, 

non-admitted, winter, non-urogenital 

BSI focus, ciprofloxacin resistance 

 

England (national) (21) 
04/12-03/13 60.4     

04/13-03/14 63.5     

LOS – length of hospital stay; IQR – interquartile range; CO – community-onset; HO – hospital-onset; MV – multivariable; LR – logistic 

regression; BSI – bloodstream infection; HCA – healthcare-acquired; CA – community-acquired; ESBL – extended-spectrum β-lactamase 

1 Unit for incidence rates - cases/ 100,000 person-years    7 In-hospital all-cause mortality  

2 Unit for mortality rates - deaths/ 100,000 person-years    8 Rank sum test 

3 Standardized to USA 2000 white population         9 Mortality rate calculated (incidence rate*case fatality risk) 

4 In-hospital 7-day all-cause mortality             10 Chi2 test 

5 Standardized to Norway 2010 population           11 Mann Whitney U test 

6 30-day all-cause mortality                  12 Only community-onset E. coli BSI with severe sepsis
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Table 1.2: Summary of reported study details from a selection of previously published 

population-based bacterial bloodstream infection studies1 

Study Location 
Study 

Dates 

Crude incidence 

rate2 

Crude mortality 

rate3 

Case fatality 

risk 

Staphylococcus aureus     

Calgary, Canada (43) 2000-2006 19.7 4.94,5 25%4 

Multinational, IBSC (34) 2000-2008 26.16   

Funen County, Denmark (13) 

2000-2002 

2003-2005 

2006-2008 

30.8 

26.8 

24.4 

  

mid-Norway (12) 2002-2013 25, 247 78, 67,8 27.5%8 

Skaraborg County, Sweden (41, 46) 2003-2005 31.4 5.98 19.1%8 

Finland (national) (11) 2004-2007 20 3.45,8 16.9%8 

Coagulase-negative staphylococci     

Funen County, Denmark (13) 

2000-2002 

2003-2005 

2006-2008 

32.8 

18.5 

15.4 

  

Finland (national) (11) 2004-2007 16 1.85,8 11.1%8 

Streptococcus pneumoniae     

Funen County, Denmark (13) 

2000-2002 

2003-2005 

2006-2008 

22.8 

21.3 

16.5 

  

mid-Norway (12) 2002-2013 26, 257 48, 37,8 13.7%8 

Finland (national) (11) 2004-2007 14 1.45,8 10.0%8 

β-hemolytic streptococcal     

Western Interior, Canada (51) 2011-2018 14.4 1.65,8 11%8 

group B streptococcal     

Multinational, IBSC (36) 2000-2010 3.4   

Klebsiella spp.     

Olmsted County, USA (42) 1998-2007 11.79 1.65,8 14%8 

Western Interior, Canada (52) 2010-2017 12.1 2.25,8 18%8 
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Pseudomonas aeruginosa     

Calgary, Canada (44)  2000-2006 3.6 1.04,5 29%4 

Haemophilus influenzae     

Multinational, IBSC (38) 2000-2008 1.36 0.25,8 18%8 

Salmonella enterica     

Multinational, IBSC (37) 2000-2007 1.06   

IBSC – International Bacteremia Surveillance Collaborative 

1All previously published population-based studies are not included. Studies were selected based on being 

from similar populations to the E. coli BSI studies in Table 1.1  

2 Unit for incidence rates - cases/ 100,000 person-years 

3 Unit for mortality rates - deaths/ 100,000 person-years 

4 In-hospital all-cause mortality 

5 Mortality rate calculated (incidence rate*case fatality risk) 

6 Standardized to 2007 27-country European Union population 

7 Standardized to Norway 2010 population 

8 28 or 30-day all-cause mortality 

9 Standardized to USA 2000 white population 
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CHAPTER 2 

2 Evaluation of the health and healthcare system burden due to 

antimicrobial-resistant Escherichia coli infections in humans: a 

systematic review and meta-analysis 

 

2.1 Abstract 

Background: Assessment of the burden of disease due to antimicrobial-resistant Escherichia 

coli infections facilitates understanding the scale of the problem and potential impacts, and 

comparison to other diseases, which allows prioritization of research, surveillance, and funding. 

Using systematic review and meta-analysis methodology, the objectives were to 

evaluate whether humans with antimicrobial-resistant E. coli infections experience increases in 

measures of health or healthcare system burden when compared to susceptible E. coli infections.  

Methods: Comprehensive literature searches were performed in four primary and seven grey 

literature databases. Analytic observational studies of human E. coli infections that assessed the 

impact of resistance to third/fourth/fifth-generation cephalosporins, resistance to quinolones, 

and/or multidrug resistance on mortality, treatment failure, length of hospital stay and/or 

healthcare costs were included. Two researchers independently performed screening, data 

extraction, and risk of bias assessment. When possible, random effect meta-analyses followed by 

assessment of the confidence in the cumulative evidence were performed for mortality and 
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length of hospital stay outcomes, and narrative syntheses were performed for treatment failure 

and healthcare costs.  

Results: Literature searches identified 14,759 de-duplicated records and 76 articles were 

included. Based on 30-day and all-cause mortality meta-analyses, regardless of the type of 

resistance, there was a significant increase in the odds of dying with resistant E. coli infections 

compared to susceptible infections. A summary mean difference was not presented for total 

length of hospital stay meta-analyses due to substantial to considerable heterogeneity. Since 

small numbers of studies contributed to meta-analyses for bacterium-attributable mortality and 

post-infection length of hospital stay, the summary results should be considered with caution. 

Studies contributing results for treatment failure and healthcare costs had considerable variability 

in definitions and reporting. 

Conclusions: Overall, resistant E. coli infections were associated with significant 30-day and 

all-cause mortality burden. More research and/or improved reporting are necessary to facilitate 

quantitative syntheses of bacterium-attributable mortality, length of hospital stay, and hospital 

costs. 

Protocol Registration: PROSPERO CRD42018111197 
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2.2 Background 

2.2.1 Rationale 

Antimicrobial resistance (AMR) is an exceedingly important global public health problem 

that is jeopardizing the advances made by modern medicine (1, 2). A report commissioned by the 

Prime Minister of the United Kingdom and chaired by Lord O’Neill of Gatley predicted that by 

2050, 10 million people will die each year due to antimicrobial-resistant infections (3). In 

humans, Escherichia coli can be a commensal or pathogenic organism. It is a common cause of a 

variety of community- and hospital-onset infections and it is the most common cause of human 

blood stream infections (BSIs) (4, 5). In E. coli, both resistance to critically important 

antimicrobials such as third/fourth/fifth-generation cephalosporins and quinolones, and 

multidrug resistance (MDR) are recognized globally (1, 6, 7). Resistance to third/fourth/fifth-

generation cephalosporins and MDR in E. coli infections can complicate the treatment of 

invasive infections and lead to reliance on carbapenems, an antimicrobial class of last resort (1). 

Quinolone-resistant E. coli infections can make the treatment of complicated urinary tract 

infections more difficult (1).  

To fully understand the impact of antimicrobial-resistant E. coli infections in people, multiple 

different aspects of the burden of disease must be analyzed. One aspect of burden can be 

captured by quantifying the incidence rate of antimicrobial-resistant E. coli infections using 

studies with population-based designs. This approach provides information on the absolute 

amount of antimicrobial-resistant E. coli infections and after standardization, facilitates 

comparison between different types of antimicrobial-resistant E. coli infections and different 
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human populations. When the same type of quantification is available for other bacterial species 

then they can be compared to the standardized incidence rates of antimicrobial-resistant E. coli 

infections. Another aspect of burden can be explored by assessing the impact of antimicrobial-

resistant E. coli infections on patient and healthcare outcomes (8). Burden from the patient 

perspective (health burden) is commonly described using measures of mortality or morbidity, 

whereas, the burden from the healthcare system perspective (healthcare system burden) is 

commonly described using length of hospital stay and healthcare costs (8). Finally, burden from 

the societal perspective can be described through quantification of the excess costs, lost 

productivity, and summary measures of population health including DALYs (disability-adjusted 

life years) and QALYs (quality-adjusted life years) (8, 9). Recently, DALYs were estimated for 

third-generation cephalosporin E. coli infections in Europe; this was the first comprehensive 

assessment of the societal burden from antimicrobial-resistant E. coli infections (10). Assessment 

of the burden of disease due to antimicrobial-resistant E. coli infections facilitates understanding 

the scale of the problem and potential impacts, and comparison to other diseases, which allows 

prioritization of research, surveillance, and funding.  

The World Health Organization (WHO) released a global report on antimicrobial resistance 

surveillance in 2014 and it included a systematic review and meta-analysis addressing the health 

and healthcare system burden from third-generation cephalosporin and fluoroquinolone 

resistance in human E. coli infections (1). The WHO systematic review and meta-analyses found 

that, compared to susceptible E. coli infections, third-generation cephalosporin-resistant 

infections had a significant twofold increase in risk using all three mortality measures (all-cause, 

bacterium-attributable, 30-day mortality) (1). Moreover, with fluoroquinolone-resistant E. coli 
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infections, a significant twofold increase in risk of mortality (all-cause, 30-day mortality) was 

also identified with the meta-analyses (1). The literature searches for the WHO systematic 

review were performed in March 2013 (1); therefore, the current review was undertaken to 

incorporate relevant literature published since 2013 into a current and comprehensive systematic 

review and meta-analysis. Another important aspect of resistance is MDR; to our knowledge 

there is not a systematic review evaluating the health or healthcare system burden associated 

with multidrug-resistant E. coli infections in humans.  

2.2.2 Objectives 

Using systematic review and meta-analysis methodology, the objectives were to evaluate 

whether measures of health or healthcare system burden increase in humans with antimicrobial-

resistant E. coli infections when compared to those with susceptible E. coli infections in analytic 

observational studies. The three types of AMR assessed separately included resistance to 

third/fourth/fifth-generation cephalosporins, resistance to quinolones, and MDR (resistance to at 

least three antimicrobial categories or classes).  

 

2.3 Methods 

2.3.1 Protocol and registration 

A protocol for this systematic review was registered with the International Prospective 

Register of Systematic Reviews (PROSPERO CRD42018111197) (11). The detailed time-

stamped protocol is available as supplementary material (Appendix 7.1). Preferred Reporting 
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Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines were used to guide 

preparation of the manuscript (12, 13).  

2.3.2 Eligibility criteria 

Any analytic observational studies published as manuscripts, reports, theses, or dissertations 

were included (14). Types of study designs and publications that were excluded include 

descriptive observational studies, review articles, commentaries, opinion pieces, editorials, 

newspaper articles, books, and conference proceedings. Relevant controlled trials have not been 

performed due to the nature of the research question.  Included studies evaluated E. 

coli infections (confirmed by culture) in humans of any age. Studies were excluded if they were 

non-human studies, evaluated bacterial infections other than E. coli, evaluated colonization 

with E. coli instead of infection, or evaluated E. coli infections that were not confirmed by 

culture. Infection was defined as clinical signs and symptoms linked to culture of E. coli from a 

diagnostic sample. Colonization was defined as culture of E. coli from a diagnostic sample 

without any clinical signs or symptoms. There were three types of AMR that were included as 

the exposures of interest. Studies had to evaluate resistance to third/fourth/fifth-generation 

cephalosporins or the impact of extended spectrum β-lactamases (ESBL) [herein referred to as 

third-generation cephalosporin resistance], resistance to quinolones, or MDR (15). Multidrug 

resistance was defined as combined resistance to at least three antimicrobial categories or classes 

(16). Studies were excluded if they evaluated alternate types of AMR that did not meet the above 

criteria. An appropriate comparator group was required for a study to be included. There were 

two types of acceptable comparator groups, either humans with E. coli infections that were 

susceptible to the AMR type of interest in the exposure group or humans with pansusceptible E. 
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coli infections. Other comparator groups, such as humans with E. coli infections that were 

resistant to a different antimicrobial or healthy non-infected humans led to a study being 

excluded. For inclusion in the systematic review, a study had to address at least one of the 

following four measures of burden (outcomes). For health burden, the primary outcome was 

mortality (including bacterium-attributable, all-cause and 30-day mortality) and the secondary 

outcome was treatment failure. For healthcare system burden, the primary outcome was length of 

hospital stay (including total LOS and post-infection LOS) and the secondary outcome was the 

cost to the healthcare system. If a study failed to address at least one of the outcomes above, then 

it was excluded. Studies published with full-text available in English were included. The 

publication language eligibility criterion was applied during primary eligibility screening with 

exclusion of non-English studies. For the current review, literature searches were restricted to 

studies published after December 31st, 1998. The date restriction was based on the fact that the 

comprehensive literature searches without any publication date restriction performed by the 

WHO systematic review only identified relevant studies that were published starting in 1999 

(1). No restrictions based on country of study were applied. 

2.3.3 Information sources 

Four literature databases were searched: MEDLINE® in Ovid (including in-process and other 

non-indexed citations and daily – without revisions); Embase in Ovid; Web of 

Science Current Contents Connect in Web of Science; and Global Health in CAB Direct. Grey 

literature sources were searched from WHO (including Global Index Medicus), Centers for 

Disease Control and Prevention (CDC), European Centre for Disease Prevention and Control 

(ECDC), European Medicines Agency (EMA), Public Health Agency of Canada (PHAC), and 
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Health Canada. The first 250 results sorted based on relevance from Google Scholar were 

also screened for eligibility. The reference lists from the included studies were reviewed to 

confirm saturation of the literature. The literature database searches were performed on 

September 17th, 2018 and the grey literature source searches were performed between September 

21st and 28th, 2018.   

2.3.4 Search 

Librarians with expertise in systematic reviews were consulted during development of the 

search strategy (Table 2.1). Based on the eligibility criteria, search terms related to E. coli 

(population), cephalosporins, quinolones and multidrug resistance (exposures), and the outcomes 

of interest were included in the search strategy. The search terms used a combination of medical 

subject headings (MeSH) terms and keywords. The publication date restriction from 1999 to the 

date the search was performed was used in the search. The search strategy for MEDLINE® in 

Ovid is available in Table 2.1. The search strategy was modified as required for each literature 

database and grey literature source (additional search strategies available upon request). 

2.3.5 Study selection 

EndNote X7 and X9 were used for citation management and duplicate removal for articles 

identified in the searches (17, 18). The bibliographic citation information for all remaining 

articles was uploaded to DistillerSR and additional duplicates were removed (19). DistillerSR 

facilitated primary screening, secondary screening, data extraction, and assessment of risk of bias 

(19). 
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Two researchers performed both primary and secondary screening independently (MCM, 

Kathryn L. McDonald (KLM)). The answers were compared, and disagreements were discussed 

until consensus was achieved. If consensus was not achieved, a third researcher arbitrated (JMS). 

The primary screening of articles was conducted on the titles and abstracts of each article using 

five questions based on the eligibility criteria (Appendix 7.2). Prior to starting primary screening, 

the two researchers piloted 100 articles. The possible answers were ‘yes,’ ‘no,’ or ‘unclear.’ 

After consensus, if one or more answers were ‘no,’ then the article was excluded and any 

combination of ‘yes’ and ‘unclear’ led to an article proceeding to secondary screening. For 

articles proceeding to secondary screening, full text articles (PDF format) were obtained. Seven 

questions based on the eligibility criteria were used for secondary screening of the full text 

articles (Appendix 7.2). In deviation to the protocol, a seventh question was added for secondary 

screening after completion of the pilot performed on five articles. The question added was, 

“Does the study have outcome data specific to E. coli infections?” The possible answers were 

‘yes’ or ‘no.’ After consensus, if one or more answers were ‘no,’ then the article was excluded 

and answers of ‘yes’ to all of the questions led to an article being included in the systematic 

review and proceeding to data extraction. 

2.3.6 Data collection process 

Data were extracted for the characteristics of the study and study participants, and the results 

for the health and healthcare system outcomes. The data extraction form was piloted using five 

articles and finalized prior to the extraction of data for the review. Two researchers performed 

the data extraction independently (MCM, KLM). Their results were compared, and consensus 

was achieved using the methods described for primary and secondary screening. If there was 



 

 

39 

 

insufficient detail present in the study to allow complete data extraction and the study was 

published within the previous 5 years, the corresponding author was contacted in an attempt to 

acquire the necessary data.  

2.3.7 Data items 

DistillerSR (19) documented the researcher performing the extraction, the date of extraction, 

the unique identifier for the article and the article citation. Related to the characteristics of the 

study, the following data were extracted: year of publication; type of document (e.g., peer-

reviewed article, report, dissertation); author reported study design; year(s) data were collected; 

country or countries where study was performed; type of site for data collection (e.g., hospital, 

community clinic); and number of sites. The following data were extracted related to the 

characteristics of the study participants: underlying disease processes; definition of cases with 

resistant (R) infections; number of cases with R infections; definition of cases with 

susceptible (S) infections in comparator group; number of cases with S infections in comparator 

group; details of R and S group selection; mean age of R and S groups with measure of 

variability; distribution of sex in R and S groups; source of samples; type of infection; source/ 

timing of participants’ infection (community-onset (community-acquired and healthcare-

acquired) and hospital-onset); method used to summarize comorbidities; method used 

to summarize disease severity; duration of follow-up; method for antimicrobial susceptibility 

testing; and minimum inhibitory concentration (MIC) interpretive criteria used.  

For all health and healthcare system burden outcomes, data related to the statistical analysis 

methods, details of adjustment for confounding, and any loss to follow-up were extracted. For 
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the three measures of mortality (all-cause, 30-day, and bacterium-attributable), an adjusted 

measure of association with measure of variability was extracted from each manuscript. If an 

adjusted measure of association was not available, then a crude measure of association with 

measure of variability and/or raw data were extracted. All-cause mortality included when a 

patient died due to any cause with no restriction on the length of follow-up. When the cause of 

death was confirmed to be due to the bacterial (E. coli) infection, with no restriction on the 

length of follow-up, it was included as bacterium-attributable mortality. The outcome was 

extracted as 30-day mortality when the follow-up period was 30-days after the culture was 

obtained and the death was due to any cause. If a study reported 30-day mortality, those outcome 

data were also used for all-cause mortality. In the literature, there is not a consistent definition of 

treatment failure. Therefore, data related to the definition of treatment failure and associated raw 

data were extracted. For both measures of LOS (total LOS and post-infection LOS), the mean 

difference (MD) or measure of central tendency (mean or median) with measure of variability 

were extracted (extraction of median LOS was a deviation from the protocol). The total LOS was 

the number of days in hospital from admission to discharge. The post-infection LOS was the 

number of days in hospital from collection of the positive sample to discharge. In the literature, 

there is not a consistent definition of healthcare system costs. Therefore, the data extracted were 

a description of the components included, the cost with measure of variability for the R and S 

groups, and year and currency for the cost. 

2.3.8 Risk of bias for individual studies 

Prior to risk of bias assessment, the author-reported study design for every study was verified 

or, if a study design was not reported, it was established. This was performed independently by 
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two researchers (MCM, SAM) and the results were compared to ensure agreement. The risk of 

bias assessment was performed separately for each reported outcome in every study. The 

Cochrane tool for Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) 

modified for use with exposure studies was used to assess risk of bias (20). The five domains 

considered were: bias due to confounding; bias in selection of participants into the study; bias in 

measurement of exposures; bias due to missing data; and bias in measurement of outcomes. 

Dependent on individual study design and analysis, and the burden of disease measure, 

potentially important confounders to consider could include comorbidities or severity of 

underlying disease measured at least 48 hours prior to infection, length of hospital stay prior to 

infection, type of infection, source of bacteremia, source/timing of infection, age and sex.  

The options for risk of bias in each domain of bias were low, moderate, serious, critical or no 

information. The most severe level of risk of bias (closest to critical) in the five domains 

determined the overall risk of bias for each reported outcome in every study. The domain of bias 

due to departures from intended intervention was not assessed because it was not relevant in the 

context of these exposure studies. In deviation from the protocol, the domain of bias in selection 

of the reported results was not assessed because none of the articles included had a pre-registered 

protocol or available statistical plan. Level of risk of bias was not used to determine 

eligibility for data synthesis. 

2.3.9 Summary measures 

The summary measure used for mortality was the odds ratio (OR) and for LOS measures was 

the MD. All summary measures were reported with a 95% confidence interval (CI).  
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2.3.10 Synthesis of results 

The country’s income status according to the World Bank Country Income Classification was 

determined for all studies (21). Data synthesis was performed separately for studies assessing the 

impact of each of the three types of AMR of interest. Each type of primary outcome was 

synthesized separately. If outcome data for measures of mortality were extracted as raw data, 

then a crude OR and 95% CI was calculated to facilitate inclusion in the meta-analysis. If there 

were at least two studies reporting the same measure of mortality, then a random effects meta-

analysis in R 3.6.2/RStudio 1.2.1335 with the package meta and function metagen was used to 

summarize data by reporting a summary OR (sOR) (22-24). If the same measure of LOS was 

reported in at least two studies, then a random-effects meta-analysis in R 3.6.2/RStudio 1.2.1335 

with the package meta and function metacont was used to report a summary MD (sMD) (22-24). 

The inverse variance method and Hartung-Knapp adjustment for random effects models were 

used. I2 was used to assess heterogeneity. If substantial to considerable heterogeneity was present 

(I2 ≥ 50%), the summary measure was not presented (25). However, in deviation from the 

protocol, one of our main outcomes had an I2 of 56.0% and the sOR was presented. The sOR was 

presented because it was a critical outcome and was slightly above our arbitrary cut-off for I2. In 

general, due to the small number of studies included in the meta-analyses, I2 was prioritized over 

Cochrane’s Q for the assessment of heterogeneity. If I2 ≥ 50% with at least three studies and 

sufficient variation in the source of heterogeneity, then clinical and methodological 

heterogeneity were explored using subgroup meta-analysis. Potentially relevant sources of 

clinical heterogeneity included the type of E. coli infection, mean age, proportion female, 

country income status, and the type of comparator group (pansusceptible vs. susceptible to the 
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antimicrobial of interest). Possibly relevant sources of methodological heterogeneity included 

level of bias due to confounding and overall level of risk of bias. Forest plots were produced in R 

3.6.2/RStudio 1.2.1335 with the package meta and function forest to visualize the results of the 

meta-analyses (22-24). A narrative synthesis was used to summarize data for secondary 

outcomes and for primary outcomes when there was only one article reporting the 

outcome, where calculation of a summary measure using meta-analysis was not appropriate, or 

where subgroup meta-analysis was not possible. 

2.3.11 Risk of bias across studies 

For each outcome synthesized using a meta-analysis with least 10 studies included, 

publication bias/small study effects were assessed using funnel plots produced in R 

3.6.2/RStudio 1.2.1335 with the package metaviz and function viz_funnel (22, 23, 26). 

2.3.12 Additional analyses 

Where meta-analyses were performed at the outcome level, the confidence in the cumulative 

evidence for primary outcomes was assessed using the Grading of Recommendations 

Assessment, Development, and Evaluation (GRADE) methodology (27, 28). GRADE 

assessment was performed collaboratively by two authors (MCM, JMS). With GRADE, 

observational studies start at low level of confidence (28). The criteria evaluated which could 

result in downgrading the quality of the evidence to very low were risk of bias (based on 

previously described risk of bias assessment), indirectness, inconsistency, publication bias, and 

imprecision (29-33). The criteria evaluated which could result in upgrading the quality of 

evidence were large magnitude of effect, dose response and confounders likely minimized the 
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effect (34). The threshold for evidence of a large magnitude of effect were sOR ≥ 2 or sMD ≥ 5 

days. GRADE summary of findings tables were prepared using GRADEpro (35). The baseline 

risk was calculated from the overall risk in the antimicrobial susceptible group from the studies 

included in the meta-analysis for each mortality outcome. 

 

2.4 Results 

2.4.1 Study selection 

After duplicates were removed, there were 14,759 records for primary screening of the title 

and abstract (Figure 2.1) (12). There were 14,216 records excluded during primary screening, 

which included 13 records with full-text articles not published in English (5 published in 

Spanish; 3 in Chinese; 2 in Turkish; 1 in Korean; 1 in French; and 1 in German). These non-

English articles were deemed potentially relevant based on screening of their title and abstract 

and would have proceeded to secondary screening if full-text was available in English. 

Secondary screening of full-text articles was performed on 543 articles and 76 articles that met 

the inclusion criteria were included in the systematic review (Appendix 7.3). No additional 

potentially relevant articles were identified when the reference lists of the articles included in the 

systematic review were reviewed.  
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2.4.2 Study characteristics 

Methods of included study  

Detailed individual study and participant characteristics are available in Appendix 7.4 and 7.5. 

In the context of the research question for this systematic review, the studies were all cohort 

study designs. Using the World Bank Income Status classification, there were four studies 

performed in lower-middle income countries (5.3%) (36-39), eight studies from upper-middle 

income countries (10.5%) (40-47), one multinational study that included a combination of upper-

middle and high income countries (1.3%) (48), and 63 studies from high income countries 

(82.9%). Included studies were performed in Europe, Asia, North America, and Oceania. There 

were no studies from Africa or South America. All of the studies were hospital or laboratory-

based. The majority of studies collected data from a single site (75%, 57/76), and 25% of studies 

collected data from at least two sites (19/76), which included 3 national studies (49-51), and 2 

multi-national studies (48, 52). Most studies included patients with both community-onset and 

hospital-onset E. coli infections (46.1%, 35/76) or only community-onset E. coli infections 

(25.0%, 19/76). Five studies included only hospital-onset E. coli infections (6.6%, 5/76) (47, 52-

55), and 17 studies did not report the timing of the E. coli infections (22.4%, 17/76). Studies 

included different types of E. coli infections, however, the majority of studies only included E. 

coli BSIs (46/76, 60.5%).  

Exposure and comparator 

Of the 76 studies included, 96.1% provided outcome data related to a single or two types of 

AMR of interest to this review (69 studies and 4 studies (49, 56-58), respectively), and 3.9% 
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addressed all three types of AMR of interest (3 studies) (40, 59, 60), There were 57 studies that 

provided outcome data related to third-generation cephalosporin resistance (75.0%, 57/76), 21 

studies that provided outcome data related to quinolone resistance (27.6%, 21/76), and 8 studies 

that provided multidrug resistant outcome data (10.5%, 8/76) (38, 40, 44, 54, 59-62). The total 

percentages for types of AMR reported are more than 100% since 7 studies reported outcome 

data for two or three types of resistance. Most of the MDR studies (5/8, 62.5%) (44, 54, 60-62) 

defined MDR using the proposed standardized definition from Magiorakos et al. in 2012 (16). 

The other three MDR studies defined MDR as an isolate that was resistant to at least one 

antimicrobial in three or more antimicrobial classes and one of these (59) was published prior to 

the proposed standardized MDR definition (16). The comparator group in all studies included 

patients with E. coli infections that were susceptible to the defined antimicrobial of interest; there 

were no studies with pansusceptible comparator groups. 

Population 

Studies that addressed third-generation cephalosporin resistance included 6,192 resistant E. 

coli infections out of a total of 42,543 resistant and susceptible E. coli infections. Studies that 

addressed quinolone resistance included 7,556 resistant E. coli infections out of a total of 40,054 

E. coli infections. Studies that addressed MDR included 3,171 multidrug resistant E. coli 

infections out of a total of 7,632 E. coli infections. Most studies did not have selection criteria 

related to resistant and susceptible infections, instead they enrolled all patients with the specified 

type of E. coli infection during the study period (63.2%, 48/76 studies). The second most 

common approach to selection used in the studies was enrolment of all patients with resistant E. 

coli infections during the study period and matching to a given number of patients with 



 

 

47 

 

susceptible E. coli infections (31.2%, 24/76). The criteria used for matching varied between 

studies. Almost all of the studies either did not have age restriction for sampling (56.6%, 43/76) 

or enrolled adults and elderly patients (39.5%, 30/76). Both, the enrolment criteria based on sex 

and the reporting of the sex included varied between studies, and therefore it is difficult to 

provide a generalized statement regarding sex.  

Outcomes 

The studies included reported between one and four burden of disease measures (outcomes). 

The most frequently and consistently reported burden of disease measures were all-cause 

mortality, followed by 30-day mortality and treatment failure (Table 2.2). Bacterium-attributable 

mortality, hospital costs and post-infection LOS were reported least frequently and inconsistently 

(Table 2.2). 

2.4.3 Risk of bias within studies  

Summaries of the risk of bias analysis using ROBINS-I for each combination of type of AMR 

and burden of disease outcome are available in Appendix 7.6. In general, across all types of 

resistance and burden of disease outcomes, moderate and serious were the most common overall 

risk of bias levels assigned to the studies. The confounding domain of bias generally had the 

most influence on the overall risk of bias level; it was the same level as the overall risk of bias in 

96.4% of study level assessments (161/167). 
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2.4.4 Results of individual studies, synthesis of results, risk of bias across studies, and 

additional analyses 

2.4.4.1 30-day mortality 

Third-generation cephalosporin resistance 

Results related to 30-day mortality among third-generation cephalosporin-resistant E. coli 

infections were reported in 23 studies and the detailed study-level results are available in 

Appendix 7.7a (47-51, 55, 57-60, 63-75). Based on random effects meta-analysis of 23 studies, 

patients with third-generation cephalosporin-resistant E. coli infections had significantly 

increased odds of dying within 30 days of the onset of their infection compared to patients with 

third-generation cephalosporin-susceptible E. coli infections (sOR 2.02, 95% CI 1.66-2.46) 

[Figure 2.2]. The results from the studies were relatively consistent and there was moderate 

heterogeneity (I2 49.3%). The funnel plot had evidence of publication bias/small study effects 

because there was an absence of smaller studies with null associations or associations less than 

one (located in the lower left corner of the funnel plot) [Appendix 7.8]. However, there were few 

small studies in general. Due to the strong measure of association from the meta-analysis, the 

confidence in the evidence was moderate based on GRADE (Table 2.3).  

Quinolone resistance  

Results related to 30-day mortality among quinolone-resistant E. coli infections were reported 

in nine studies and the detailed study-level results are available in Appendix 7.7b (49, 53, 57-60, 

76-78). The results from one study could not be included in the meta-analysis (details in 
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Appendix 7.7b) (53). Based on random effects meta-analysis of eight studies, compared to 

patients with quinolone-susceptible E. coli infections those with quinolone-resistant E. coli 

infections had significantly increased odds of dying within 30 days of the onset of their infection 

(sOR 1.49, 95% CI 1.23-1.82) [Figure 2.3]. The results from the studies were relatively 

consistent and there was moderate heterogeneity (I2 44.1%). The confidence in the evidence was 

low, based on GRADE (Table 2.3).  

Multidrug resistance 

Results related to 30-day mortality and multidrug resistant E. coli infections were reported in 

four studies and the detailed study-level results are available in Appendix 7.7c (38, 44, 59, 60). 

Based on random effects meta-analysis of four studies, patients with multidrug-resistant E. coli 

infections had significantly higher odds of dying within 30 days of the onset of their infection 

compared to patients with non-multidrug resistant E. coli infections (sOR 1.63, 95% CI 1.54-

1.71) [Appendix 7.9]. The results from the studies were very consistent and there was no 

heterogeneity (I2 0.0%). GRADE assessment revealed the confidence in the evidence was low 

(Table 2.3). 

2.4.4.2 All-cause mortality 

Third-generation cephalosporin resistance 

Results related to all-cause mortality and third-generation cephalosporin-resistant E. coli 

infections were reported in 51 studies (Appendix 7.10a) and all of the studies were included in 

the random effects meta-analysis (36, 37, 41-43, 45, 47-52, 55-60, 63-75, 79-98). Based on the 
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sOR, patients with third-generation cephalosporin-resistant E. coli infections had significantly 

higher odds of dying from any cause compared to patients with third-generation cephalosporin-

susceptible E. coli infections (sOR 2.27, 95% CI 1.92-2.70) [Figure 2.4]. The results from the 

studies were relatively consistent and there was moderate to substantial heterogeneity (I2 56.0%). 

Subgroup meta-analyses were unable to determine a possible explanation for the moderate to 

substantial heterogeneity. The possible sources that were explored, but did not explain the 

heterogeneity, were the type of E. coli infection, whether the study defined exposure positive as 

ESBL E. coli or more broadly as third-generation cephalosporin-resistant E. coli, the timing of 

the E. coli infection, the number of sites included in the study, the definition used for all-cause 

mortality, the level of confounding bias in the study, and the overall risk of bias in the study. The 

funnel plot was relatively symmetric but there were few small studies in general (Appendix 

7.11). There were several small studies in the lower left corner but an absence of small studies in 

the lower right corner. The confidence in the evidence was moderate with GRADE and this was 

due to the strong association from the meta-analysis (Table 2.3). 

Quinolone resistance  

There were 17 studies that reported results related to quinolone-resistant E. coli infections and 

all-cause mortality and the detailed study-level results are available in Appendix 7.10b (49, 53, 

56-60, 76-78, 99-105). One study could not be included in the meta-analysis (details in Appendix 

7.10b) (53). Based on random effects meta-analysis of 16 studies, compared to patients with 

quinolone-susceptible E. coli infections those with quinolone-resistant E. coli infections had 

significantly higher odds of dying (sOR 1.72, 95% CI 1.40-2.12) [Figure 2.5]. The results from 

the studies were relatively consistent and there was moderate heterogeneity (I2 44.5%). There 
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was evidence of publication bias/small study effects based on the funnel plot (Appendix 7.12). 

There were few small studies overall and an absence of small studies in the lower left corner of 

the funnel plot. GRADE assessment revealed the confidence in the evidence was low (Table 

2.3). 

Multidrug resistance 

Results related to multidrug-resistant E. coli infections and all-cause mortality were reported 

in five studies and all five studies were included in the random effects meta-analysis (Appendix 

7.10c) (38, 44, 59-61). Based on random effects meta-analysis of five studies, patients with 

multidrug-resistant E. coli infections had significantly higher odds of dying compared to patients 

with non-multidrug-resistant E. coli infections (sOR 1.63, 95% CI 1.55-1.70) [Appendix 7.13]. 

The results from the studies were very consistent and there was no heterogeneity (I2 0.0%). The 

confidence in evidence was low based on GRADE assessment (Table 2.3).  

2.4.4.3 Bacterium-attributable mortality 

Third-generation cephalosporin resistance 

Results related to bacterium-attributable mortality and third-generation cephalosporin-

resistant E. coli infections were reported in three studies and the detailed study-level results are 

available in Appendix 7.14 (43, 46, 92). Random effects meta-analysis of three studies 

demonstrated a non-significant summary odds ratio (sOR 1.76, 95% CI 0.84-3.70) [Appendix 

7.15]. The results from the studies were very consistent and there was no heterogeneity (I2 
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0.0%). Due to strong imprecision and inconsistency, the confidence in the evidence was very low 

based on GRADE assessment (Table 2.3). 

2.4.4.4 Treatment failure 

Third-generation cephalosporin resistance 

Results related to treatment failure and third-generation cephalosporin resistance were 

reported in 15 studies and the detailed results are available in Appendix 7.16a. Clinical treatment 

failure was reported in 14 studies (37, 39-41, 46, 50, 74, 80, 83, 92, 93, 106-108) and 

microbiological treatment failure was reported in 4 studies (39, 88, 92, 93). The common 

elements included in the definitions of clinical treatment failure included persistence of clinical 

signs, or absence of improvement or resolution (9 studies (39-41, 50, 74, 83, 92, 106, 107)), 

requirement of a second antimicrobial prescription (5 studies (40, 74, 106-108)), and 

discontinuation of peritoneal dialysis (2 studies (46, 80)). Death was explicitly included as 

clinical treatment failure in seven studies (37, 46, 50, 74, 80, 83, 93), and one study excluded 

deaths (41) (within 72 hours) from treatment failure analysis. The timeframes considered for 

clinical treatment failure were variable. Seven studies assessed clinical treatment failure with 3-

14 days after starting antimicrobial therapy (40, 41, 50, 74, 83, 106-108), three studies assessed it 

within 2-4 weeks after completion of antimicrobial therapy (92, 93, 106), and four studies did not 

provide a timeframe (37, 39, 46, 80). Related to clinical treatment failure, eight studies reported a 

significant increase with third-generation cephalosporin-resistant E. coli infections (40, 41, 74, 

80, 83, 106-108), two studies reported a non-significant increase with resistant infections (50, 

92), two studies did not statistically test the difference between the resistant and susceptible 
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groups (37, 39) and two studies reported a non-significant increase with susceptible infections 

(46, 93). Microbiological treatment failure definitions were based on bacterial growth on follow 

up culture and the length of follow up ranged from 3 days after starting antimicrobial therapy to 

4 weeks after completing antimicrobial therapy.  

Quinolone resistance 

Treatment failure results for quinolone resistance were reported in seven studies (Appendix 

7.16b). Clinical treatment failure was reported in all 7 studies (40, 76, 77, 103, 105, 109, 110) 

and one study also reported microbiological treatment failure (109). The definitions used for 

clinical treatment failure included these common elements: persistence, worsening or recurrence 

of clinical signs (6 studies (40, 76, 77, 103, 105, 109)), and microbiological treatment failure (3 

studies (76, 77, 110)). The timeframe for the assessment of clinical treatment failure varied from 

3 days to 30 days after starting antimicrobial therapy to 10 days to 2 weeks after completing 

antimicrobial therapy. Related to clinical treatment failure, five studies reported a significant 

increase with quinolone-resistant E. coli infections (40, 76, 77, 105, 110), and two studies 

reported a non-significant increase with resistant infections (103, 109).  

Multidrug resistance 

Two studies reported results for treatment failure and MDR (Appendix 7.16c) (40, 61). Both 

of the studies reported clinical treatment failure. One study reported a significant increase in 

clinical treatment failure with multidrug-resistant E. coli infections (40), and one study reported 

a non-significant increase with multidrug-resistant infections (61). 
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2.4.4.5 Total length of hospital stay 

Third-generation cephalosporin resistance 

Results related to total LOS and third-generation cephalosporin-resistant E. coli infections 

were reported in 13 studies (Appendix 7.17a). However, only five studies could be included in 

the meta-analysis; they reported total LOS results as a mean with standard deviation (39, 74, 88, 

91, 94). An equal number of studies (five) reported total LOS using a median and interquartile 

range (73, 89, 93, 96, 98), and three studies did not consistently report both a measure of central 

tendency and variability (42, 87, 107). The five included studies reported an increase in the mean 

LOS in the third-generation cephalosporin-resistant patients compared to third-generation 

cephalosporin-susceptible patients, and the mean difference was significant in four of the five 

studies. The results were not consistent between studies with the magnitude of the mean 

difference being considerably larger in one of the studies (Appendix 7.18). The random effects 

meta-analysis had considerable heterogeneity and therefore the sMD is not reported (I2 97.0%). 

An explanation for the considerable heterogeneity was not discovered using subgroup meta-

analysis. The possible sources explored included type of infection, percentage of females in the 

study, World Bank income status of the country, timing of infection, and number of sites 

included in the study. Due to serious imprecision and inconsistency, the confidence in the 

evidence was very low with GRADE assessment (Table 2.4).  

Quinolone resistance 

Results related to total LOS and quinolone-resistant E. coli infections were reported in four 

studies (Appendix 7.17b) (53, 77, 105, 109). Three studies provided the data required for 
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inclusion in the meta-analysis (77, 105, 109). An increase in the mean LOS in the quinolone-

resistant patients compared to quinolone-susceptible patients was reported in all three studies, 

but the mean difference was only significant in two of the three studies. The magnitude of the 

mean difference was larger in one of the studies compared to the other two studies (Appendix 

7.19). The random effects meta-analysis had substantial to considerable heterogeneity so the 

sMD is not reported (I2 78.3%). Subgroup meta-analysis did not provide insight into the reasons 

for the substantial to considerable heterogeneity. The percentage of females in the study, number 

of sites included in the study, and level of confounding bias or overall risk of bias were explored 

as possible sources of heterogeneity. The confidence in the evidence based on GRADE 

assessment was very low and this was due to serious imprecision and inconsistency (Table 2.4). 

Multidrug resistance 

Only one study reported results for total LOS and multidrug-resistant E. coli infections 

(Appendix 7.17c) (61). The LOS results were reported as medians and interquartile range (IQR) 

for each group and there was a non-significant increase in the median LOS for the multidrug-

resistant infection group.  

2.4.4.6 Post-infection length of hospital stay 

Third-generation cephalosporin resistance 

Results related to third-generation cephalosporin-resistant E. coli infections and post-infection 

LOS were reported in 7 studies (Appendix 7.20). Two studies provided the data required to be 

included in the meta-analysis (67, 83). Three studies reported a median LOS with interquartile 
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range (48, 52, 111) and two studies did not report both a measure of central tendency and 

variability (41, 64). Based on the sMD, patients with third-generation cephalosporin-resistant E. 

coli infections had significantly longer post-infection LOS compared to patients with third-

generation cephalosporin-susceptible E. coli infections (sMD 7.16, 95% CI 2.76-11.57) [Figure 

2.6]. The results from the two studies were consistent and there was no heterogeneity (I2 0.0%). 

Due to serious imprecision, the confidence in the evidence was very low with GRADE 

assessment (Table 2.4). 

2.4.4.7 Healthcare costs 

Third-generation cephalosporin resistance 

Results related to third-generation cephalosporin-resistant E. coli infections and healthcare 

cost were reported in 4 studies (Appendix 7.21a) (42, 74, 83, 111). Total cost of the episode was 

reported in all studies; however, the definitions of total cost varied. In three studies, both direct 

and indirect or other costs were mentioned (42, 83, 111). Specific examples of the types of costs 

considered for inclusion in direct and indirect costs were listed in two of the studies but varied 

between the two studies (83, 111). In one study, it was difficult to determine if the cost of the 

episode included direct and indirect costs or only direct costs (74). Two studies reported median 

costs with IQR (74, 111), one study reported median costs with ranges (42), and one study 

reported mean costs with standard deviations (83). Euros were the currency used in three studies 

(74, 83, 111), and the United States dollar was used in one study (42). The year used for the 

currency was only reported in one study (83). Related to total cost: three studies reported a 

significant increase in total costs when third-generation cephalosporin-resistant E. coli infections 
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were compared to third-generation cephalosporin-susceptible E. coli infections; and one study 

reported a non-significant increase in total costs when third-generation cephalosporin-susceptible 

E. coli infections were compared to third-generation cephalosporin-resistant E. coli infections. In 

addition to total cost, one study reported the sub-costs of the total cost of hospitalization and cost 

of parenteral outpatient antimicrobial therapy (74), and one study reported the average cost per 

day (111).  

Multidrug resistance 

Two studies reported results related to multidrug-resistant E. coli infections and healthcare 

cost (Appendix 7.21b) (54, 62). Total cost was reported in both studies, however, the definitions 

of total cost varied. In one study, fixed and variable direct costs were mentioned with specific 

examples of the types of costs considered for inclusion listed (62). The definition provided in the 

other study was not explicit (54). One study reported mean costs with standard deviations and 

median costs with IQR (62), and the other study reported mean costs without standard deviations 

(54). The currency used in one study was Euros (54), and the United States dollar was used in the 

other study (62). Both studies reported the year used for the currency. One study reported a 

significant increase in healthcare costs with multidrug-resistant E. coli infections, and one study 

did not statistically test the difference between the multidrug-resistant and non-multidrug-

resistant groups. 
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2.5 Discussion 

2.5.1 Summary of evidence 

We conducted a systematic review and meta-analyses of studies that assessed the impact of 

antimicrobial-resistant E. coli infections compared to susceptible E. coli infections on measures 

of health or healthcare system burden. Resistance to third-generation cephalosporins, resistance 

to quinolones, and MDR were the types of resistance of interest. The primary outcomes of 

interest used to assess the health and healthcare system burden were measures of mortality and 

LOS, respectively. Treatment failure and healthcare costs were used as the secondary outcomes 

of interest to assess the health and healthcare system burden, respectively. Notably, based on the 

meta-analyses, for 30-day and all-cause mortality, regardless of the type of AMR, there were 

significantly higher odds of dying with antimicrobial-resistant E. coli infections when compared 

to susceptible infections. The strength of the association using a sOR was fairly consistent and 

ranged from 1.49 to 2.27 (95% CI, 1.23-1.82, 1.92-2.70, respectively). These results translated 

into an estimate of the absolute risk of mortality that ranged from 58 to 130 more people per 

1,000 (95% CI, 28-93, 98-166, respectively) dying due to resistant E. coli infections. There was 

substantial to considerable heterogeneity when the results from the total LOS studies were 

combined, and this precluded presentation of a summary mean difference. Small numbers of 

studies contributed results for bacterium-attributable mortality and post-infection length of stay 

and therefore, the summary results should be considered with caution and the strength of the 

evidence was very low. Across the studies, there was considerable variability in definitions and 

reporting for treatment failure and healthcare costs. 
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There was an increase in the volume of literature included in the current systematic review 

(76 studies) compared to the 2014 WHO systematic review (34 studies) (1), which underscores 

the need for the current systematic review. Compared to the WHO systematic review, we added 

MDR as a type of resistance. However, there were only six studies included that only addressed 

MDR without an additional type of resistance, and, therefore, the inclusion of MDR was not the 

explanation for the increased volume of literature in our review. All of the articles included in 

the WHO systematic review were based on data from high and upper-middle income countries 

(1). This is generally consistent with most of the studies in our systematic review, however, 5.3% 

of the articles (4/76) were performed in lower-middle income countries. This is an improvement, 

but there is still a need for more articles from lower-middle and low income countries to allow 

global generalization. Another factor that limits generalization of the findings is that there were 

no studies performed in countries in Africa or South America. This is another gap in the 

literature that deserves future research. Most of the studies included in the current systematic 

review (75%) were based on data from single centres, which limits their generalizability when 

the studies are considered individually. The most common type of AMR reported was third-

generation cephalosporin resistance (57/76 articles) and this is consistent with the WHO 

systematic review (1). 

For all-cause and 30-day mortality, there was a significant increase in mortality demonstrated 

with the meta-analyses regardless of the type of AMR considered. The summary measures from 

previous meta-analyses based on combining smaller numbers of studies are consistent with our 

results. In the WHO systematic review, the associations between third-generation cephalosporin 

and fluoroquinolone-resistant E. coli infections, and all-cause and 30-day mortality resulted in 
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summary risk ratios (sRR) that ranged from 2.11 to 2.19 (95% CI 1.64-3.71, 1.78-2.68, 

respectively) (1). Previous systematic reviews that included all Enterobacteriacea BSIs, and were 

not restricted to E. coli BSIs, also demonstrated a similar impact of ESBL Enterobacteriacea on 

all-cause mortality, sRR 1.85 (95% CI 1.39-2.47) (112) and sOR 2.35 (95% CI 1.90-2.91; sOR 

based on crude OR from the studies) (113).  

The mortality measure that would be the most informative regarding the impact of resistance 

is bacterium-attributable mortality. However, there was a lack of literature reporting that 

mortality measure with only three studies for third-generation cephalosporin resistance and none 

for quinolone resistance or MDR. It is understandable why all-cause and 30-day mortality are 

reported more commonly; it is difficult to fully attribute the cause of the mortality to the bacterial 

infection when the patients commonly have comorbidities and the assessment is often being 

performed based on medical record review. Therefore, we are left with robust information 

regarding all-cause and 30-day mortality, but have to consider that not all of the deaths are likely 

to be related to the bacterial infection and/or AMR. 

An issue highlighted with studies contributing to the LOS analyses is that the distribution of 

the data needs to be considered. The LOS results were commonly presented as either mean or 

median LOS for both the susceptible and resistant groups with the appropriate measure of 

variability. We would need information on the distribution of the data to determine which 

measure of central tendency was appropriate and that is rarely reported in published studies. 

Based on the lack of information, we assumed that the studies reported the correct measure of 

central tendency for the distribution of the LOS data. All of the studies that reported LOS as a 

median and IQR were excluded from the meta-analyses, which greatly reduced the number of 
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studies contributing data to the meta-analyses. In the three LOS meta-analyses performed, a total 

of only ten studies were included. Another factor that led to several studies being excluded from 

the meta-analyses was failure to consistently report both a measure of central tendency and 

variability. Minimal evidence demonstrating the impact that resistant E. coli infections have on 

LOS was generated by the meta-analyses in this systematic review. There was a significant 

increase in the post-infection LOS with third-generation cephalosporin-resistant infections, 

however, this sMD was only based on two studies. The results of the meta-analyses related to 

total LOS for both third-generation cephalosporin resistance and quinolone resistance had 

substantial to considerable heterogeneity; therefore, the sMD were not presented. Measures of 

LOS are important representations of the healthcare system burden (8) and future research in this 

area is needed. The results of the systematic review highlighted several areas where studies with 

LOS outcomes could benefit from improved reporting, including: providing details on the 

distribution of the LOS data to ensure that the appropriate data are being combined in meta-

analyses and consistently reporting both the appropriate measure of central tendency and 

associated measure of variability. 

A narrative synthesis was planned and undertaken for the treatment failure and healthcare 

costs outcomes due to the anticipated substantial variability between study methodologies. 

Evaluation of the definitions for treatment failure and healthcare costs used in the studies 

confirmed the substantial variability and lack of standardized definitions. Ideally, we would have 

standardized definitions that are developed collaboratively by researchers working in the area, 

and are adopted and utilized by both researchers preparing manuscripts and publishers. Then, 

meaningful comparisons between studies could be performed, including meta-analyses. In the 
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meantime, we encourage authors to be explicit and fully define how they have used treatment 

failure and healthcare costs in their studies. It is also important that authors reliably report the 

currency and year used for healthcare cost outcomes. Consistent with the findings from previous 

systematic reviews, studies addressing the impact of antimicrobial-resistant E. coli infections on 

healthcare costs are lacking (1, 8). 

Assessment of risk of bias is an important aspect of systematic reviews and it provides the 

end-user with critical information on the strengths and limitations related to bias of the studies 

included in the systematic review. The domain of bias that had the largest impact on the level of 

overall risk of bias was bias due to confounding, in which the studies failed to appropriately 

consider and manage all of the potentially important confounders. Previous review studies have 

been critical of the lack of appropriate control of confounders and have demonstrated the impact 

of both failure to adjust for confounders, and inappropriately adjusting for intermediate variables 

when they should not be included in the multivariable regression model (improperly considering 

an intervening variable as a confounder) (113, 114). When crude and adjusted measures of 

association were compared, the crude measures of association consistently demonstrated a 

stronger strength of association than the adjusted measures of association (113). When measures 

of association were compared with and without adjustment for intervening variables, the measure 

of association with adjustment for intervening variables demonstrated a weaker strength of 

association compared to those without adjustment for intervening variables (113, 114). The 

intervening variables that are relevant to the relationship between resistant E. coli infections and 

burden of disease outcomes are inappropriate initial antimicrobial therapy, severity of disease, 

and septic shock and severe sepsis (113, 114). All three of these intervening variables can be 
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influenced by the presence of resistant E. coli infections and lie on the causal pathway between 

the resistant E. coli infections and burden of disease outcomes; therefore, if intervening variables 

are improperly considered as confounders, the resulting measure of association will likely be 

biased towards the null value (113, 114). An important aspect that is not routinely discussed 

when considering bias due to confounding, is that appropriate control of confounding can be 

achieved through restricting enrolment to one level of a confounder and matching patients with 

resistant and susceptible infections based on confounders, not solely through analytical methods 

to control confounding. Therefore, for each study included in a systematic review, the intricacies 

of their study design and approach to analysis need to be carefully considered during assessment 

of bias due to confounding and other domains of bias. During assessment of bias due to 

confounding for studies in this systematic review, we identified the potentially relevant 

confounders and assessed whether they were appropriately controlled for using restricted 

enrolment, matching, or analytic methods. We also noted if any intervening variables were 

controlled for, which could bias the reported measure of association. 

GRADE is an accepted method for characterizing the confidence in the cumulative evidence, 

which is another important feature of systematic reviews (27). Due to the observational nature of 

the study designs included in this systematic review, the assessment of quality of evidence for 

each outcome begins at low. Interestingly, since the completion of this systematic review, 

GRADE has released guidance that if ROBINS-I is used for risk of bias then the assessment of 

quality of evidence for each outcome can begin at high (115). They report that in most cases 

whether an assessment of a body of evidence from non-randomized studies begins at low or high 

ultimately they will arrive at the same overall level due to issues with risk of bias (115). When 
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we re-examined our GRADE assessments following the new guidance, we arrived at the same 

overall levels in each case. In the context of the research question for this systematic review and 

many research questions in public health, randomized controlled trials are not performed for 

valid ethical reasons. When observational study designs are the appropriate and ethical study 

design, then it would be ideal to compare the body of evidence to a well performed collection of 

observational studies instead of a well performed collection of randomized controlled trials. 

However, since evidence from randomized controlled trials is common in other areas of 

healthcare research, it is not realistic or reasonable to detach observational studies from 

comparison to randomized controlled trials (115). Confusion and communication issues may be 

created when the quality of evidence for outcomes are overwhelmingly or entirely low and very 

low, such as in this systematic review and the WHO systematic review (1). Therefore, continued 

consideration and guidance from the GRADE working group on the value of evidence from 

observational studies and how to effectively communicate the confidence in evidence from 

observational studies is needed. In the future, we encourage researchers to design individual 

observational studies rigorously with particular attention to minimizing selection and 

confounding bias because this will help to increase the level of the quality of evidence for 

systematic reviews based on data from observational studies.  

2.5.2 Limitations 

There were some limitations both at the study and systematic review level. We did have some 

deviations from the protocol. They were all minor changes, which were clearly documented in 

the final systematic review. As previously noted, the domain of bias that was the most 

problematic for the studies included was bias due to confounding and this limitation was 
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conveyed in the summary of the risk of bias assessments. Unfortunately, a number of studies 

with LOS data could not be included in the associated meta-analyses because they did not report 

the LOS data using a mean and standard deviation. As a result, our LOS meta-analyses were 

based on fewer studies and had high heterogeneity and decreased precision. We only had three 

meta-analyses that combined more than ten studies (among a total of ten meta-analyses 

performed) and therefore, allowed assessment of publication bias/small study effects using 

funnel plots. For the three meta-analyses where funnel plots were constructed, there was some 

evidence of publication bias/small study effects, but there was a general lack of studies with 

small sample sizes. The global generalizability of the results from our systematic review is 

limited because there were no studies from Africa or South America, and none from low income 

countries. 

2.5.3 Conclusions 

This systematic review and meta-analyses provides the most comprehensive evaluation of the 

impact of select antimicrobial-resistant E. coli infections on measures of health and healthcare 

system burden in the current literature and uses rigorous systematic review methodology. All of 

the meta-analyses for 30-day and all-cause mortality were fairly consistent and, regardless of the 

type of AMR considered (third-generation cephalosporin, quinolone or MDR), there was a 

significant increase in the odds of dying when patients had antimicrobial-resistant E. coli 

infections compared to susceptible infections. Notably, it was estimated that an extra 58 to 130 

people per 1,000 with resistant E. coli infections (95% CI, 28-93, 98-166, respectively) die 

because they have resistant E. coli infections. A definitive statement on the impacts of resistant 

E. coli infections on bacterium-attributable mortality, post-infection LOS, and total LOS cannot 



 

 

66 

 

be drawn from our systematic review and meta-analyses because there was a lack of studies, 

and/or substantial to considerable heterogeneity between the studies combined in the meta-

analysis. Evaluation of the studies that contributed data for the treatment failure and healthcare 

costs outcomes revealed a lack of consistency in the definitions used and highlighted 

opportunities for improved reporting. This systematic review provides important evidence of the 

impact of resistant E. coli infections on mortality, and highlights areas that could benefit from 

future research, standardized collaborative definitions, and improved reporting. 
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2.7 Tables 

Table 2.1: Ovid MEDLINE® search strategy for systematic review evaluating burden of disease 

in antimicrobial-resistant E. coli infections 

#  Searches  Results  Annotations  

1  Escherichia coli.sh,xs. or Escherichia coli.ab,kf,ti. or e coli.ab,kf,ti.  366819  
Population - E. 

coli terms  

2  

Cephalosporins.sh,xs. or cephalosporin$.ab,kf,ti. or beta Lactamases.sh,xs. 

or b lactamase$.ab,kf,ti. or beta lactamase$.ab,kf,ti. or ESBL.ab,kf,ti. 

or cefcapene.ab,kf,ti. or cefdinir.ab,kf,ti. or cefditoren.ab,kf,ti. or cefepime.a

b,kf,ti. or cefetamet.ab,kf,ti. or cefixime.ab,kf,ti. or cefmenoxime.ab,kf,ti. or 

cefodizime.ab,kf,ti. or cefoperazone.ab,kf,ti. or cefoselis.ab,kf,ti. or cefotaxi

me.ab,kf,ti. or cefozopran.ab,kf,ti. or cefpiramide.ab,kf,ti. or cefpirome.ab,kf

,ti. or cefpodoxime.ab,kf,ti. or cefsulodin.ab,kf,ti. or ceftaroline.ab,kf,ti. or c

eftazidime.ab,kf,ti. or ceftizoxime.ab,kf,ti. or ceftobiprole.ab,kf,ti. or ceftibut

en.ab,kf,ti. or ceftolozane.ab,kf,ti. or ceftriaxone.ab,kf,ti. or latamoxef.ab,kf,t

i. or tazobactam.ab,kf,ti.  

71682  

Exposure - 

Cephalosporin 

and beta-

lactamase 

terms  

3  

Quinolones.sh,xs. or fluoroquinolone$.ab,kf,ti. or quinolone$.ab,kf,ti. or cin

oxacin$.ab,kf,ti. or ciprofloxacin$.ab,kf,ti. or enoxacin$.ab,kf,ti. or fleroxaci

n$.ab,kf,ti. or flumequine.ab,kf,ti. or garenoxacin$.ab,kf,ti. or gatifloxacin$.

ab,kf,ti. or gemifloxacin$.ab,kf,ti. or grepafloxacin$.ab,kf,ti. or levofloxacin

$.ab,kf,ti. or lomefloxacin$.ab,kf,ti. or moxifloxacin$.ab,kf,ti. or nalidixic ac

id.ab,kf,ti. or norfloxacin$.ab,kf,ti. or ofloxacin$.ab,kf,ti. or oxolinic acid.ab,

kf,ti. or pazufloxacin$.ab,kf,ti. or pefloxacin$.ab,kf,ti. or pipemidic acid.ab,k

f,ti. or piromidic acid.ab,kf,ti. or prulifloxacin$.ab,kf,ti. or rosoxacin$.ab,kf,t

i. or rufloxacin$.ab,kf,ti. or sitafloxacin$.ab,kf,ti. or sparfloxacin$.ab,kf,ti. or

 temafloxacin$.ab,kf,ti. or delafloxacin$.ab,kf,ti. or nadifloxacin$.ab,kf,ti.  

62793  

Exposure - 

Quinolone 

terms  
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4  

Drug Resistance, Multiple, Bacterial.sh,xs. or (multidrug resistan$ or MDR 

or multi drug resistan$ or multiple drug resistan$ or extreme$ drug resistan$ 

or extensive$ drug resistan$ or XDR or pandrug resistan$ or PDR or 

highly resistan$ or important antimicrobial$ or important 

antibiotic$).ab,kf,ti.  

75834  
Exposure - 

MDR terms  

5  

(economics, hospital or "Costs and Cost Analysis" or economics, 

medical).sh,xs. or economics, pharmaceutical.sh. or "fees and 

charges".sh,xs. or budgets.sh,xs. or (health$care adj cost$).ab,kf,ti. or (cost$ 

adj variable).ab,kf,ti. or (low adj cost$).ab,kf,ti. or (high adj cost$).ab,kf,ti. o

r (cost$ adj estimat$).ab,kf,ti. or (unit adj cost$).ab,kf,ti. or (economic$ 

or pharmacoecomonic$ or pric$).ab,kf,ti.  

411134  
Outcome - Cost 

terms  

6  

hospitalization.sh,xs. or Health Resources.sh. or Utilization Review.sh,xs. 

or Mortality.sh,xs. or morbidity.sh. or treatment failure.sh,xs. or intensive 

care units.sh,xs. or "length of stay".ab,kf,ti. or hospital stay.ab,kf,ti. 

or "resource use".ab,kf,ti. or resource util$.ab,kf,ti. or burden.ab,kf,ti. 

or mortality.ab,kf,ti. or morbidity.ab,kf,ti. or clinical impact$.ab,kf,ti. 

or outcome$.ab,kf,ti. or prognos*s.ab,kf,ti. or hospitali$.ab,kf,ti. or fatalit$.a

b,kf,ti. or death$.ab,kf,ti. or (ICU or intensive care or critical care).ab,kf,ti. 

or treatment failure.ab,kf,ti. or failed treatment.ab,kf,ti. or clinical failure.ab,

kf,ti. or adverse consequence$.ab,kf,ti. or drug failure$.ab,kf,ti. 

or epidemiolog$.ab,kf,ti. or factor$.ab,kf,ti. or retreat$.ab,kf,ti.  

5641890  

Outcome – 

Non-cost 

terms  

7  1 and (2 or 3 or 4) and (5 or 6)  6318    

8  limit 7 to yr="1999-Current"  5416    
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Table 2.2: Number of studies in qualitative synthesis and meta-analysis for each burden of 

disease measure by antimicrobial resistance type 

Burden of disease measure 

(Outcome) 

Number of studies in the qualitative synthesis 

(number of studies included in the meta-analysis) 

Third-generation 

cephalosporin resistance 

Quinolone 

resistance 

Multidrug 

resistance 

30-day mortality 23 (23) 9 (8) 4 (4) 

All-cause mortality 51 (51) 17 (16) 5 (5) 

Bacterial-attributable mortality 3 (3) 0 (0) 0 (0) 

Treatment failure 15 (n/a) 7 (n/a) 2 (n/a) 

Total LOS 13 (5) 4 (3) 1 (0) 

Post-infection LOS 7 (2) 0 (0) 0 (0) 

Hospital costs 4 (n/a) 0 (n/a) 2 (n/a) 

LOS – Length of hospital stay; n/a – Not applicable, meta-analysis not planned as per protocol 
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Table 2.3: Summary of findings for mortality outcomes (35) 

Burden of 

disease 

measure 

Type of 

antimicrobial 

resistance 

Number of 

participants 

(studies1) 

Relative 

effect sOR 

(95% CI) 

Absolute effect                   

Risk difference               

(95% CI) 

Certainty of the 

evidence 

(GRADE)2 

Comment3 

30-day 

mortality 

Third-

generation 

cephalosporin 

31,934 

(23 studies) 

2.02    

(1.66-2.46) 

112 more deaths per 1,000 

(from 76 to 151 more) 

⨁⨁⨁◯ 

MODERATE 

Evidence to support upgrading due to 

strong association and no evidence to 

support downgrading 

Quinolone 
27,703       

(8 studies) 

1.49    

(1.23-1.82) 

58 more deaths per 1,000 

(from 28 to 93 more) 

⨁⨁◯◯ 

LOW 

No evidence to support downgrading or 

upgrading 

MDR 
6,506         

(4 studies) 

1.63    

(1.54-1.71) 

96 more deaths per 1,000 

(from 83 to 106 more) 

⨁⨁◯◯ 

LOW 

No evidence to support downgrading or 

upgrading 

All-cause 

mortality 

Third-

generation 

cephalosporin 

40,623     

(51 studies) 

2.27    

(1.92-2.70) 

130 more deaths per 1,000 

(from 98 to 166 more) 

⨁⨁⨁◯ 

MODERATE 

Evidence to support upgrading due to 

strong association and no evidence to 

support downgrading 

Quinolone 
31,324     

(16 studies) 

1.72    

(1.40-2.12) 

82 more deaths per 1,000 

(from 48 to 121 more)4 

⨁⨁◯◯ 

LOW 

No evidence to support downgrading or 

upgrading 

MDR 
6,814         

(5 studies) 

1.63    

(1.55-1.70) 

92 more deaths per 1,000 

(from 81 to 100 more) 

⨁⨁◯◯ 

LOW 

No evidence to support downgrading or 

upgrading 

Bacterium-

attributable 

mortality 

Third-

generation 

cephalosporin 

327            

(3 studies) 

1.76    

(0.84-3.70) 

78 more deaths per 1,000 

(from 18 fewer to 225 more) 

⨁◯◯◯ 

VERY LOW 

Downgraded due to serious 

inconsistency and imprecision. No 

evidence to support upgrading. 

Quinolone - - - - Not reported 

MDR - - - - Not reported 

sOR – summary odds ratio 
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1 All studies were observational 

2 GRADE assessment began at low instead of high, since studies were observational 

3 Details of GRADE assessment available in Appendix 7.22 

4 Raw data not available from one study and therefore did not contribute to calculation of baseline risk



 

 

86 

 

Table 2.4: Summary of findings for length of hospital stay outcomes (35) 

Burden of 

disease 

measure 

Type of 

antimicrobial 

resistance 

Number of 

participants 

(studies1) 

Absolute effect, 

sMD (95% CI) 

Certainty of 

the evidence 

(GRADE)2 

Comment3 

Total 

LOS 

Third-

generation 

cephalosporin 

888 

(5 studies) 

sMD not calculated 

due to considerable 

heterogeneity  

⨁◯◯◯ 

VERY LOW 

Downgraded due to serious 

inconsistency and 

imprecision. 

Quinolone 
646              

(8 studies) 

sMD not calculated 

due to substantial 

to considerable 

heterogeneity 

⨁◯◯◯ 

VERY LOW 

Downgraded due to serious 

inconsistency and 

imprecision. 

MDR - - - 

Only reported in 1 study, 

meta-analysis and GRADE 

assessment not performed 

Post-

infection 

LOS 

Third-

generation 

cephalosporin 

538              

(2 studies) 

7.16 days higher 

(2.76 higher to 

11.57 higher) 

⨁◯◯◯ 

VERY LOW 

Downgraded due to serious 

imprecision. Evidence to 

support upgrading 

outweighed by evidence to 

support downgrading. 

Quinolone - - - Not reported 

MDR - - - Not reported 

LOS – length of hospital stay; sMD – summary mean difference 

1 All studies were observational 

2 GRADE assessment began at low instead of high, since studies were observational 

3 Details of GRADE assessment available in Appendix 7.22 

  



 

 

87 

 

2.8 Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: PRISMA Flow Diagram demonstrating progression of articles through identification, 

screening and synthesis for systematic review 
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Figure 2.2: Forest plot of random-effects meta-analysis assessing impact of third-generation 

cephalosporin-resistant E. coli infections on 30-day mortality 
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Figure 2.3: Forest plot of random-effects meta-analysis assessing impact of quinolone-resistant 

E. coli infections on 30-day mortality 
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Figure 2.4: Forest plot of random-effects meta-analysis assessing impact of third-generation 

cephalosporin-resistant E. coli infections on all-cause mortality 
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Figure 2.5: Forest plot of random-effects meta-analysis assessing impact of quinolone-resistant 

E. coli infections on all-cause mortality 
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LOS – length of hospital stay (in days) 

Figure 2.6: Forest plot of random-effects meta-analysis assessing impact of third-generation 

cephalosporin-resistant E. coli infections on post-infection LOS
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CHAPTER 3 

3 Increasing incidence and antimicrobial resistance in Escherichia 

coli bloodstream infections: a multinational population-based 

cohort study 

 

3.1 Abstract 

Background – The objectives were to determine factors associated with Escherichia coli 

bloodstream infection (BSI) incidence rate and third-generation cephalosporin (3GC) resistance 

in a multinational population-based cohort.  

Methods – We included all incident E. coli BSIs (2014-2018) from national (Finland) and 

regional (Australia, Sweden, and Canada) surveillance. Incidence rates were directly age and sex 

standardized to the European Union 28 country 2018 population. Multivariable negative 

binomial and logistic regression models estimated factors significantly associated with E. coli 

BSI incidence rate and 3GC resistance, respectively. 

Results – We identified 31,889 E. coli BSIs from 40.7 million person-years of surveillance. 

Overall and 3GC-resistant standardized rates were 97.4 and 7.1 E. coli BSI/100,000 person-

years, respectively, and increased 12.7% and 34.4% over 5 years. Escherichia coli BSI rates 

varied significantly by region, were lower in males and higher in individuals ≥70-years-old. 

There was significant regional and annual variation in the odds of having 3GC-resistant E. coli 
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BSI. The significant association between age and odds of having 3GC-resistant E. coli BSI 

depended on the sex.  

Discussion – Increases in overall and 3GC-resistant standardized E. coli BSI rates were 

clinically important. Overall rates were 40% - 104% greater than previous investigations from 

the same study areas. Region, sex, and age are important variables when analyzing E. coli BSI 

rates and 3GC resistance in E. coli BSIs. 

 

3.2 Background 

 Escherichia coli is the most common cause of bloodstream infections (BSIs) (1-3). Regional 

population-based studies conducted in Canberra (Australia; 2000-2004), Calgary (Canada; 2000-

2006), Funen County (Denmark; 2000-2008), Auckland (New Zealand; 2005-2011), and 

Skaraborg County (Sweden; 2011-2012, only community-onset E. coli BSIs) described annual E. 

coli BSI rates of 28.0–70.2/100,000 population (2, 4-7). A national population-based study from 

England revealed annual rates of 60.4/100,000 population (04/2012-03/2013) and 63.5/100,000 

population (04/2013-03/2014) (8). Recently, some areas worldwide reported an increase in E. 

coli BSI incidence (8-10). The emergence of third-generation cephalosporin-resistant (3GC-R) E. 

coli has also had a major effect on the epidemiology and treatment of these infections worldwide 

(11). Third-generation cephalosporin-resistant E. coli infections are often multidrug resistant and 

in contrast to many other multidrug-resistant bacteria, they mostly emerge in community settings 

(5, 6, 8, 12).  
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There is an increasingly large body of literature on E. coli BSIs. However, most studies are 

hospital-based and typically recruit patients from highly selected populations at large tertiary-

care centres. In order to determine the incidence rate of E. coli BSIs and understand the 

associated burden of disease, a population-based study is required (13). By using this approach, 

the population at risk can be defined and selection bias is minimized by including all E. coli BSIs 

from the population (13). To our knowledge, a multinational population-based study evaluating 

incidence rates and antimicrobial resistance (AMR) in E. coli BSIs has not been previously 

published.  

Using multinational population-based data, we aimed to: 1) evaluate the incidence rate of E. 

coli BSIs and associated factors; and 2) evaluate factors associated with having a 3GC-R E. coli 

BSI. 

 

3.3 Methods 

3.3.1 Study protocol  

For this population-based cohort study, we enrolled six participating surveillance areas from 

the International Bacteremia Surveillance Collaborative (14). Finland contributed active national 

surveillance data. Regional surveillance data were available from areas within Canada (three 

areas), Australia (one area), and Sweden (one area). From January 1st, 2014 to December 31st, 

2018, all incident episodes of E. coli BSIs from residents within the surveillance areas were 

included. An incident BSI was defined as growth of E. coli from at least one blood culture, and 
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only the first E. coli isolate per patient per running year was included (at least one year of time 

elapsed between E. coli BSIs). The surveillance databases from each area identify an estimated 

99% or greater of all positive blood cultures in their residents, except for Canberra Region, 

where at least 95% are detected (as a private laboratory processes some blood cultures) (14, 15). 

We retrieved the following data from electronic medical records: year of culture; patient’s sex 

and age category (<1 year, 1-9 years, then deciles until ≥90 years); location of onset (hospital-

onset or community-onset); and susceptibility to 3GC, ciprofloxacin, gentamicin, trimethoprim 

sulfamethoxazole (TMS), and meropenem. Data for location of onset were not available from 

Canberra. Susceptibility data for ciprofloxacin, gentamicin, TMS, and meropenem were not 

available from Canberra and Finland. If the first positive blood culture was obtained at least 48 

hours after hospital admission or within 48 hours of hospital discharge, the BSI was 

characterized as hospital-onset; otherwise it was community-onset (16). Each area performed 

susceptibility testing according to their own established protocols. Individual surveillance areas 

compiled data using standardized data summary templates. The Interior Health and University of 

Guelph Research Ethics Boards approved the study and granted waivers of individual informed 

consent (2013-14-052-I and 2018-10-050, respectively). All surveillance areas complied with 

their local ethics requirements.  

3.3.2 Surveillance populations 

The study surveillance populations (2018) included: Calgary Health Region, Canada (1.7 

million); Canberra Region, Australia (421,000); country of Finland (5.5 million); Sherbrooke 

Region, Canada, (166,000); Skaraborg County Health Region, Sweden (267,000); and western 

interior area of British Columbia, Canada (191,000). Detailed descriptions of the populations and 
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surveillance methodology for each area have been previously published [14, 15, 17]. Of note, 

since the time of previous publications, Skaraborg now has two hospitals instead of four. 

3.3.3 Data management and statistical analysis 

The data analysis was performed in Stata 15.1 (18). We calculated prevalence for 

dichotomous variables (sex, location of onset, and AMR data) and determined the age category 

that contained the median E. coli BSI to summarize age. Using univariable logistic regression, an 

odds ratio (OR) was estimated to compare the odds of a BSI being hospital-onset in 3GC-R and 

3GC-susceptible (3GC-S) E. coli BSIs. We calculated incidence rates by dividing the number of 

incident E. coli BSIs by the surveillance population during the study period, which was obtained 

from individual area census data. To facilitate comparison of incidence rates between different 

regions and different years, we directly age and sex standardized the incidence rates to the 

European Union 28-country (EU28) 2018 population (18, 19). Incidence rates for 3GC-R and 

3GC-S E. coli BSIs were calculated and directly standardized as above. We used a negative 

binomial regression model to determine factors significantly associated with E. coli BSI 

incidence rates (18, 20). To identify factors significantly associated with having 3GC-R E. coli 

BSI, we used a logistic regression model (18, 20). For inclusion in each regression model, we 

considered the following four categorical explanatory variables: year (2014 through 2018); 

region (six study areas); age (<70-years-old and ≥70-years-old); and sex (female and male). We 

performed univariable analysis and assessed for high correlation between explanatory variables 

using a Phi coefficient (ρ≥|0.8| was used as the threshold value) prior to all explanatory variables 

being placed in the multivariable regression models. We considered interaction effects between 

year and region, and age and sex for inclusion in the multivariable regression models. To remain 
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in the final multivariable model, a variable had to be statistically significant (α=0.05), part of a 

significant interaction term, or an important confounder (based on meeting causal criteria and 

>20% change in another variable’s coefficient) (20). The final multivariable negative binomial 

regression model was assessed for goodness-of-fit (deviance goodness-of-fit test and normality 

of Anscombe residuals). Residuals (Pearson and deviance), leverage and an influence statistic 

(Cook’s distance) were also assessed (20). The final multivariable logistic regression model was 

assessed for goodness-of-fit (Pearson goodness-of-fit test), and standardized Pearson residuals, 

leverage and influence statistics (delta-beta, delta-chi2, and delta-deviance) were assessed (20). 

We performed contrasts to explore interaction terms included in the final multivariable models. 

Incidence rate ratios (IRR) and OR were reported with 95% confidence intervals (CI). 

 

3.4 Results 

We identified 31,889 incident E. coli BSIs from 40.7 million patient-years of follow-up 

during the five-year study; 59.1% (18856/31889) were in females. The median age range for E. 

coli BSI patients was 70-79-years-old and the distribution was left skewed (Figure 3.1). Overall, 

7.8% (2483/31889) of E. coli BSIs were 3GC-R, which ranged from 6.1% (1510/24296) in 

Finland to 17.8% (671/3773) in Calgary. Most E. coli BSIs were community-onset (82.2%; 

25417/30923), and this was lowest in Finland (80.8%, 19909/24629) and highest in Skaraborg 

(92.1%, 1241/1347). A 3GC-R E. coli BSI was at greater odds of being hospital-onset compared 

to 3GC-S (OR:1.68, 95%CI:1.53-1.85, p<0.001). The proportion of E. coli BSIs that were 

resistant to ciprofloxacin, gentamicin, TMS, and meropenem was 23.4% (1473/6284), 11.2% 
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(702/6292), 26.1% (1642/6300), and 0.1% (6/6167), respectively. Appendix 7.23 contains 

regional data for AMR and location of onset.  

The overall crude E. coli BSI rate was 78.4 cases/100,000 person-years (Appendix 7.24). The 

overall annual directly age and sex standardized rate was 97.4 E. coli BSI/100,000 population, 

which was lowest in western interior and highest in Finland (64.2 and 115.3 cases/100,000 

population) (Figure 3.2). For 3GC-R E. coli BSIs, the overall annual standardized rate was 7.1 

cases/100,000 population, which ranged from 5.0 cases/100,000 population in Sherbrooke to 

12.2 cases/100,000 population in Calgary (Figure 3.2). From 2014 to 2018, the overall and 3GC-

R annual standardized rates increased by 12.7% and 34.4%, respectively (Figure 3.3). Appendix 

7.25 contains regional and annual standardized overall, 3GC-R, and 3GC-S E. coli BSI rates. 

With univariable negative binomial regression analysis, there was a significant association 

between age and E. coli BSI rate, but no variation by year, region, or sex (Appendix 7.26). Our 

multivariable negative binomial model for E. coli BSI rates included region, age, and sex (Table 

3.1). Calgary, Canberra, Sherbrooke, and western interior had significantly lower rates of E. coli 

BSIs compared to Finland (Table 3.1). Males had a significantly lower rate of E. coli BSIs 

compared to females (Table 3.1). People ≥70-years-old had significantly higher rates of E. coli 

BSIs compared to people <70-years-old (Table 3.1).  

Region, year, age, and sex were significantly associated with having 3GC-R E. coli BSIs 

using univariable logistic regression analysis (Appendix 7.27). Our multivariable logistic model 

for having 3GC-R E. coli BSIs included region, year, and an interaction between age and sex 

(Table 3.2). Calgary, Canberra, and western interior had significantly greater odds of 3GC-R E. 



 

 

100 

 

coli BSIs compared to Finland (Table 3.2). Compared to 2014, the odds of 3GC-R E. coli BSIs 

were significantly increased in 2016, 2017, and 2018 (Table 3.2). In terms of the interaction 

between sex and age, males in either age category were at significantly increased odds of having 

3GC-R E. coli BSIs when compared to females in either age category (Table 3.3). However, 

while males <70-years-old were at significantly increased odds of having 3GC-R E. coli BSIs 

compared to males ≥70-years-old, there was no significant difference between females in 

different age categories (Table 3.3). 

 

3.5 Discussion 

 Our study provides several notable contributions to the E. coli BSI literature. It is the first 

multinational population-based study of E. coli BSIs, which included all incident cases over a 5-

year period from six areas in four countries on three continents. The population-based design of 

the study allowed us to thoroughly capture both community-onset and hospital-onset E. coli 

BSIs; a very important aspect for E. coli BSIs since the vast majority are community-onset 

including 82.2% in our study. The five-year timeframe of the study and multinational design 

allowed us to explore annual and regional variation in the incidence rate and 3GC resistance of 

E. coli BSIs. We incorporated the demographic factors of age and sex using several techniques, 

including: direct age and sex standardization of E. coli BSI rates to facilitate comparisons of 

rates between different regions and different years, and with future studies; and inclusion of age 

and sex in our regression models.  
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 In population-based studies, the incidence rate of infection provides insight into the burden of 

the disease being studied (13). The overall crude and directly age and sex standardized rates of E. 

coli BSIs in our study were 78.4 and 97.4 cases/100,000 person-years, respectively, and included 

31,889 incident E. coli BSIs from 2014 to 2018. We found a higher standardized BSI rate than 

rates from all previously published population-based studies (Table 3.4). Our crude BSI rate was 

also higher than all crude rates (Table 3.4). We need to note, however, that these rate 

comparisons are general in nature and should be interpreted cautiously. These rates are from 

different time periods, and there are differences in demographics between the populations that 

are unaccounted for when crude rates or rates standardized with a different standard population 

are compared. Previous population-based studies reported prevalences of 3GC-R E. coli BSIs 

that varied from 1-10.4% (5, 6, 8, 21), which is similar to our overall prevalence of 7.8%. 

 Both the E. coli BSI rate and 3GC resistance had significant regional differences. The 

Scandinavian areas had higher E. coli BSI rates, but lower odds of 3GC-R E. coli BSIs. The 

opposite was seen in Canberra, Calgary and western interior. Region likely serves as a proxy 

variable for many unmeasured regional and population characteristics. Therefore, our study is 

not able to determine the underlying reason(s) for these regional differences, which also could be 

different on a national or regional scale. Future studies could evaluate culturing rate, healthcare 

practices including antimicrobial use, ethnicity, socioeconomic status, and climate, among other 

factors.  

 Over the 5-year study, we identified a clinically important 12.7% increase in the overall 

standardized E. coli BSI rate but did not find significant annual variation in overall E. coli BSI 

rate with negative binomial regression analysis. Previous investigations from areas enrolled in 
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the current study reported overall crude rates of 28, 30.3, 44, 67 cases/100,000 person-years for 

Canberra (2000-2004), Calgary (2000-2006), Finland (2004-2007), Skaraborg (2011-2012, 

community-onset only), respectively (1, 4, 5, 7). The rates reported in our study represent 

notable rate increases between each of the study pairs of 71%, 52%, 104%, 40% in Canberra, 

Calgary, Finland, and Skaraborg, respectively. It appears that the rate of increase was likely even 

higher prior to the 2014 start of our study. We found a considerable (34%) increase in 3GC-R E. 

coli BSI rate over our 5-year study period and an increase in the odds of having 3GC-R E. coli 

BSIs in 2016-2018 compared to 2014. The association between year and having 3GC-R E. coli 

BSIs did not depend on the region being considered, since the interaction term between year and 

region was not statistically significant. This increase in the proportion of 3GC-R E. coli BSIs 

will have important impacts on patient and healthcare burden, and empirical antimicrobial 

therapy guidelines since 3GC-R and extended-spectrum beta-lactamase-producing E. coli BSIs 

have been associated with increased treatment failure, mortality, length of hospital stay, and 

hospital costs (22-25).  

 Age and sex are demographic factors that are known to impact the rate and odds of disease, 

and may do so through interaction, such that the relationship depends on which combination of 

sex and age are being considered (8, 15). We found that females and those ≥70-years-old had an 

increased rate of E. coli BSIs, which is consistent with previous studies (1, 3, 5, 9, 26). Our 

multivariable logistic regression model for having 3GC-R E. coli BSIs included a significant 

interaction term between age and sex. This reinforces the importance of considering interaction 

terms between age and sex for inclusion in multivariable models. The reason why males of any 
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age have increased odds of having a 3GC-R E. coli BSI, but a lower overall BSI rate could be 

explored in future research.   

 There are some limitations to this study. We did not have information to further categorize the 

community-onset BSIs into community-acquired and healthcare-acquired, or data on culturing 

rates. We did not have access to information regarding comorbidities, source of E. coli BSI, or 

treatment. The laboratory methodology was based on each area’s protocol, and therefore, there 

may have been some small methodological differences. All of the areas were from high-income 

countries and this limits generalizability of our results to non-high-income countries (27). There 

is one E. coli BSI population-based study from two rural provinces in Thailand, an upper-

middle-income country (10); however, more population-based research on E. coli BSIs in low, 

lower-middle, and upper-middle-income countries is needed to understand the global burden of 

disease (27). 

 In conclusion, this multinational population-based study demonstrated the substantial and 

increasing burden of E. coli BSIs. During the 5-year study, there was a clinically important 

increase in the overall and 3GC-R standardized E. coli BSI rates, and a noteworthy significant 

increase in the odds of having 3GC-R E. coli BSIs in 2016-2018. There were significant 

regional, sex, and age differences in both the rate and 3GC resistance of E. coli BSIs. These 

findings highlight the difficulty in comparing and extrapolating results from single-centre studies 

where there are likely differences in unmeasured regional factors and demographics. Considering 

E. coli is the most common cause of BSIs, this increasing burden and evolving 3GC resistance 

will have an important impact on human health, especially in aging populations.    
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3.7 Tables 

Table 3.1: The adjusted incidence rate ratios (95% confidence intervals and p-values) for the 

multivariable negative binomial regression model estimating the associations between the 

explanatory variables (region, sex and age) and E. coli bloodstream infection rates based on data 

from a multinational population-based cohort study (2014 to 2018)1,2 

Variable aIRR 95% CI p-value 

Region   < 0.001 

Finland 1.00 referent  

Calgary 0.69 0.61 – 0.79 <0.001 

Canberra 0.70    0.60 – 0.81 <0.001 

Sherbrooke 0.84     0.72 – 0.99 0.033 

Skaraborg 1.03   0.90 – 1.19 0.644 

Western Interior 0.72    0.62 – 0.84 <0.001 

Sex    

Female 1.00 referent  

Male 0.81   0.74 – 0.87 <0.001 

Age Category    

<70-years-old 1.00 referent  

≥70-years-old 11.04    10.10 – 12.07 <0.001 

Abbreviations: aIRR – Adjusted incidence rate ratio; CI – Confidence interval 

1 Overdispersion parameter 0.045, 95% CI:0.032-0.062, p<0.001 

2 Model fits the data based on normally distributed Anscombe residuals and deviance goodness-

of-fit test (p=0.27) 
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Table 3.2: The adjusted odds ratios (95% confidence intervals and p-values) for the 

multivariable logistic regression model estimating the associations between the explanatory 

variables (region, year, sex, and age) and having a third-generation cephalosporin-resistant E. 

coli bloodstream infection based on data from a multinational population-based cohort study 

(2014 to 2018)1 

Variable aOR 95% CI p-value 

Region   < 0.001 

Finland 1.00 referent  

Calgary 3.25 2.94 – 3.59 <0.001 

Canberra 1.87    1.52 – 2.31 <0.001 

Sherbrooke 1.04 0.75 – 1.45 0.796 

Skaraborg 1.02    0.81 – 1.27 0.875 

Western Interior 2.08    1.61 – 2.70 <0.001 

Year   <0.001 

2014 1.00 referent  

2015 1.07    0.92 – 1.23 0.388 

2016 1.15  1.00 – 1.33 0.048 

2017 1.23  1.07 – 1.41 0.003 

2018 1.31   1.15 – 1.50 <0.001 

Sex    

Female 1.00 referent  

Male 1.832   1.61 – 2.09 <0.001 

Age Category    

<70-years-old 1.00 referent  

≥70-years-old 1.052    0.93 – 1.19 0.420 

Interaction - Sex and Age    

Male and ≥70 0.842 0.71 – 0.999 0.048 

Abbreviations: aOR – Adjusted odds ratio; CI – Confidence interval 

1 Model fits the data based on Pearson goodness-of-fit test (p=0.072) 

2 Exponentiated coefficients are not true aOR due to interaction term – see contrasts in Table 3.3   
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Table 3.3: The predicted odds ratios (95% confidence intervals and p-values) for the contrasts 

examining the interactions between sex and age based on the multivariable logistic regression 

model (Table 3.2) estimating the associations between the explanatory variables (region, year, 

sex, and age) and having a third-generation cephalosporin-resistant E. coli bloodstream infection 

based on data from a multinational population-based cohort study (2014 to 2018) 

Contrast Statement OR 95% CI p-value 

Males <70 compared to females <70 1.83 1.61 – 2.09  <0.001 

Males ≥70 compared to females <70 1.62 1.44 – 1.84 <0.001 

Females ≥70 compared to females <70 1.05 0.93  – 1.19 0.420 

Males <70 compared to females ≥70 1.74 1.55 – 1.96 <0.001 

Males ≥70 compared to females ≥70 1.54 1.39 – 1.72 <0.001 

Males <70 compared to males ≥70 1.13 1.00 – 1.27 0.045 

Abbreviations: OR – Odds ratio; CI – Confidence interval 
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Table 3.4: Study details and E. coli bloodstream infection incidence rates from previously 

published population-based studies 

Study Location Study Dates Number 

of E. coli 

BSI 

Incidence Rate 

(cases/ 100,000 

person-years) 

Type of 

Incidence 

Rate 

Olmsted County, 

USA [1] 

1998-2007 461 41.4 Standardized1 

Canberra, 

Australia [2] 

2000-2004 515 28 Crude 

Funen County, 

Denmark [3] 

2000-2002 811 70.2 Crude 

2003-2005 718 61.8 Crude 

2006-2008 671 56.7 Crude 

mid-Norway [4] 
2002-2013 686 80 Crude 

2002-2013 686 74 Standardized2 

Calgary, Canada 

[5] 

2000-2006 2,368 30.3 Crude 

Finland (national) 

[6] 

2004-2007 9,190 44 Crude 

Auckland, New 

Zealand [7] 

2006-2011 1,507 52 Crude 

Skaraborg County, 

Sweden [8] 

2011-2012 1043 67.0 Crude 

Two rural Thai 

provinces [9] 

2008 373 32.9 Crude 

2014 593 51.6 Crude 

England (national) 

[10] 

04/2012-03/2013 32,309 60.4 Crude 

04/2013-03/2014 34,203 63.5 Crude 

BSI – Bloodstream infection 

1 USA 2000 white population standard 

2 Norway 2010 population 

3 Only community-onset E. coli BSI with severe sepsis 
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3.8 Figures 

 

 

Figure 3.1: Number of E. coli bloodstream infections by age category and sex based on data 

from the multinational population-based cohort study (2014 to 2018) 
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Abbreviations: 3GC-R – Third-generation cephalosporin-resistant; 3GC-S – Third-generation 

cephalosporin-susceptible 

1 Standard population – EU28 2018 population 

Figure 3.2: Directly age and sex standardized E. coli bloodstream infection incidence rates by 

area for overall, and third-generation cephalosporin-resistant and susceptible E. coli bloodstream 

infections based on data from a multinational population-based cohort study (2014 to 2018)1 
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Abbreviations: 3GC-R – Third-generation cephalosporin-resistant; 3GC-S – Third-generation 

cephalosporin-susceptible 

1 Standard population – EU28 2018 population 

Figure 3.3: Directly age and sex standardized E. coli bloodstream infection incidence rates by 

year for overall, and third-generation cephalosporin-resistant and susceptible E. coli bloodstream 

infections based on data from a multinational population-based cohort study (2014 to 2018)1 
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CHAPTER 4 

4 Mortality in Escherichia coli bloodstream infections: a 

multinational population-based cohort study 

 

4.1 Abstract 

Background – Using a multinational population-based cohort of Escherichia coli bloodstream 

infections (BSIs), our objectives were to evaluate the 30-day mortality rate and case fatality risk, 

and determine factors associated with each. 

Methods – During 2014-2018, we identified 30-day deaths from all incident E. coli BSIs from 

surveillance nationally in Finland, and regionally in Sweden and Canada. The European Union 

28-country 2018 population was used to directly age and sex standardize mortality rates. Using 

multivariable negative binomial and logistic regression models, we estimated factors associated 

with E. coli BSI 30-day mortality rate and case fatality risk, respectively. 

Results – From 38.7 million person-years of surveillance, we identified 2,961 30-day deaths in 

30,923 incident E. coli BSIs. The overall 30-day case fatality risk was 9.6% (2961/30923). The 

overall crude and standardized 30-day mortality rates were 7.7 and 9.7 deaths/100,000 person-

years, respectively. Patients ≥70-years-old experienced significantly higher 30-day mortality 

rates than those <70-years-old. There was significant regional variation in the odds of 30-day 

mortality. Hospital-onset and third-generation cephalosporin-resistant (3GC-R) E. coli BSIs had 
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significantly increased odds of 30-day mortality compared to community-onset and 3GC-

susceptible. The significant association between age and odds of 30-day mortality varied with 

sex. 

Conclusions – In our study populations, E. coli BSIs caused a very high burden of disease. 

While E. coli has a lower case fatality risk compared to other causes of bacterial BSIs, its 30-day 

mortality rate is higher. This demonstrates that when analyzing population-based mortality data, 

it is important to evaluate both mortality rate and case fatality risk. 

 

4.2 Introduction 

Escherichia coli bloodstream infections (BSIs) are associated with an important burden of 

disease from mortality, because E. coli is the most common cause of bacterial BSIs (1-3). In 

order to better understand the contribution of mortality to the overall burden of disease from E. 

coli BSIs, population-based studies are required (4). Two general approaches for analyzing 

mortality data from population-based studies include evaluation of mortality rates and case 

fatality risks, which provide distinct yet complementary results (3, 5). Mortality rates (number of 

deaths per population in a given time period) provide insight into the disease burden and case 

fatality risks (number of deaths per total number of cases) are markers of disease severity (5). 

Appropriate comparison of mortality rates and case fatality risks from different bacterial causes 

of BSIs can help facilitate prioritization of funding, research, and surveillance. 
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 A small number of published population-based studies have reported mortality data for E. coli 

BSIs, however, they did not all use the same definition of mortality (1, 6-11). All-cause mortality 

definitions used included in-hospital mortality, in-hospital 7-day mortality, and 30-day mortality 

(1, 6-11). The reported in-hospital case fatality risks for E. coli BSIs ranged from 8.9%-11% (6, 

7, 9). One study reported an in-hospital 7-day case fatality risk of 5% for E. coli BSIs (8) and 

three studies reported 30-day case fatality risks between 8% and 18.2% (1, 10, 11). Mortality 

rates for E. coli BSIs were only reported by three studies (3) (in-hospital mortality rate of 2.9 

deaths/100,000 person-years, and 30-day mortality rates of 7 and 10.3 deaths/100,000 person-

years) (6, 10, 11).  

 Antimicrobial-resistant E. coli BSIs have been associated with increased mortality and three 

population-based studies explored this association (6, 9, 11). Ciprofloxacin-resistant (6, 11) and 

extended-spectrum β-lactamase (ESBL) producing (9) E. coli BSIs were associated with 

increased in-hospital mortality. Three previous population based studies demonstrated 

significantly higher mortality in patients with hospital-onset E. coli BSIs (in-hospital mortality 

(6, 7) and 30-day mortality (11)). We are not aware of a previously published multinational 

population-based study exploring mortality in E. coli BSIs.       

 Using data from a multinational population-based cohort of E. coli BSIs, we had two main 

objectives for our study: first, to evaluate the 30-day mortality rate and factors associated with 

mortality rate; and second, to evaluate the 30-day case fatality risk and factors associated with 

case fatality risk. 
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4.3 Materials and methods 

4.3.1 Surveillance populations and study protocol 

We enrolled five areas from the International Bacteremia Surveillance Collaborative in three 

countries and two continents for this population-based cohort study (12). The surveillance areas 

(2018 population) included: Calgary Health Region, Canada (1.7 million), country of Finland 

(5.5 million), Sherbrooke Region, Canada, (166,000), Skaraborg County Health Region, Sweden 

(267,000), and western interior area of British Columbia, Canada (191,000). Previous 

publications outline each area’s population and surveillance methodology (12-14); Skaraborg 

now has two hospitals instead of four as previously published. Each area’s surveillance database 

captures at least 99% of all positive blood cultures from residents (12, 14). The 5-year study 

(01/01/2014-12/31/2018) included all incident E. coli BSIs from area residents and we defined 

incident as the first E. coli isolate cultured from blood per patient per running year (at least one 

year of time elapsed between E. coli BSIs). Depending on the area, we retrieved data from 

electronic medical records or national registers (infectious disease, population, and hospital 

discharge registers), including: 30-day and 7-day all-cause mortality, year of culture, patient’s 

sex and age category (<1 year, 1-9 years, then deciles until ≥90 years), location of onset 

(hospital-onset or community-onset), and susceptibility to third-generation cephalosporins 

(3GC). All-cause 30-day mortality was defined as death due to any reason within 30-days after 

the positive E. coli blood culture. We categorized BSIs as hospital-onset if the first positive 

blood culture was obtained at least 48 hours after hospital admission or within 48 hours of 

discharge, otherwise they were categorized as community-onset (15). Each area used their own 
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protocols for susceptibility testing. Using standardized templates, areas collected and compiled 

their own data. The study was approved by the Interior Health and University of Guelph 

Research Ethics Boards and individual informed consent waivers were granted (2013-14-052-I 

and 2018-10-050, respectively). As appropriate, local and / or national ethics requirements were 

adhered to by all areas.   

4.3.2 Statistical analysis 

 We performed statistical analyses in Stata 15.1 (16). Based on E. coli BSI patients with 30-

day mortality, we calculated proportions to summarize dichotomous variables (sex, location of 

onset, and 3GC resistance) and to summarize age, we determined the age category that contained 

the median 30-day death. Using univariable logistic regression, an odds ratio (OR) was estimated 

to compare the odds of a BSI being hospital-onset in 3GC-resistant (R) and 3GC-susceptible (S) 

E. coli BSI patients with 30-day mortality. We calculated 30-day case fatality risk by dividing 

the number of 30-day deaths by the number of incident E. coli BSIs. Thirty-day case fatality 

risks were calculated for each level of the dichotomous variables: age (<70-years-old and ≥70-

years-old), sex, location of onset, and 3GC resistance. We calculated 30-day mortality rate by 

dividing the number of 30-day deaths by the population during the study period (from individual 

area census data). Direct age and sex standardization of the 30-day mortality rate to the European 

Union 28-country (EU28) 2018 population was performed to allow comparison of mortality rates 

between different regions and different years (16, 17). The process above was repeated for 3GC-

R and 3GC-S 30-day mortality data.  
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 To identify factors significantly associated with E. coli BSI 30-day mortality rates, we used a 

negative binomial regression model (16, 18). The four categorical explanatory variables 

considered for inclusion in the negative binomial regression model, included: year (2014 through 

2018), region (five study areas), age (<70-years-old and ≥70-years-old), and sex (female and 

male). First, we completed univariable analysis and checked for high correlation between 

explanatory variables using a Phi coefficient (ρ≥|0.8| was used as the threshold value) followed 

by building the multivariable negative binomial regression model starting with all of the 

explanatory variables. Interaction effects between year and region, and age and sex were 

considered for inclusion in the final multivariable model. In order to remain in the final 

multivariable model, variables had to meet at least one of the following criteria: be statistically 

significant (α=0.05), be part of a significant interaction term, or be a confounding variable (based 

on >20% change in another variable’s coefficient and meeting causal criteria) (18). We assessed 

the final multivariable negative binomial regression model for goodness-of-fit using a deviance 

goodness-of-fit test and normality of Anscombe residuals (18). We assessed residuals (Pearson 

and deviance), leverage, and an influence statistic (Cook’s distance) for each covariate pattern or 

observation (18). Incidence rate ratios (IRR) were reported with 95% confidence intervals (CI).  

 We used a logistic regression model to determine factors significantly associated with 30-day 

mortality in E. coli BSIs. The six categorical explanatory variables considered for inclusion in 

the logistic regression model included: year (2014 through 2018), region (six study areas), age 

(<70-years-old and ≥70-years-old), sex (female and male), 3GC resistance (S and R), and 

location of onset (community-onset and hospital-onset). We performed univariable analysis and 

tested for correlation between explanatory variables (as described for the negative binomial 
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regression model) before placing all explanatory variables in the multivariable logistic regression 

model. Three interaction effects were considered for inclusion in the final multivariable model: 

year and region, age and sex, and 3GC resistance and location of onset. In order to remain in the 

final multivariable model, variables had to meet at least one of the following criteria: be 

statistically significant (α=0.05), be part of a significant interaction term, or be a confounding 

variable (based on >20% change in another variable’s coefficient and meeting causal criteria) 

(18). We assessed the final multivariable model for goodness-of-fit using a Hosmer-Lemeshow 

goodness-of-fit test (18). We assessed Pearson standardized residuals, leverage, and influence 

statistics (delta-beta, delta-chi2, and delta-deviance) for each covariate pattern or observation 

(18). If interaction terms were included in the final multivariable model, contrasts were used to 

interpret these relationships. Odds ratios (OR) were reported with 95% CI. 

 

4.4 Results 

 During our 5-year study, there were 2,961 30-day deaths in 30,923 incident E. coli BSIs. 

There was a left skewed age distribution, and the median age range of patients that experienced 

30-day mortality was 80-89 years-old [Figure 4.1]. Thirty-day deaths in patients with E. coli 

BSIs were evenly distributed between the sexes (female 50.3%, 1490/2961). We found 11.4% 

(336/2961) of the E. coli BSIs that resulted in 30-day deaths were resistant to 3GC and this 

ranged from 3.5% (5/142) in Skaraborg to 24.2% (109/450) in Calgary. Most of the E. coli BSIs 

that resulted in 30-day deaths were community-onset E. coli BSIs (67.1%, 1987/2961); this 

proportion was lowest in Finland (65.4%, 1472/2252) and highest in Skaraborg (78.2%, 
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111/142). When considering only the E. coli BSI patients with 30-day mortality, those with 

3GC-R E. coli BSIs were at greater odds of being hospital-onset compared to 3GC-S (OR:1.51, 

95%CI:1.20-1.91, p<0.001). Regional data for 3GC resistance and location of onset is available 

in Appendix 7.28.  

 The overall 30-day case fatality risk was 9.6% (2961/30923) and ranged from 7.2% (43/596) 

in Sherbrooke to 12.8% (74/578) in western interior. Patients ≥70-years-old experienced an 

11.4% (2188/19277) 30-day case fatality risk compared to 6.6% (773/11646) in those <70-years-

old. Thirty-day case fatality risk was higher in males (11.7%, 1470/12598) compared to females 

(8.1%, 1490/18325). Patients with 3GC-R E. coli BSIs had a 14.1% 30-day case fatality risk 

(336/2376), which was higher than those with 3GC-S E. coli BSIs (9.2%, 2625/28547). Thirty-

day case fatality risk in hospital-onset E. coli BSIs was 17.7% (974/5506) compared to 7.8% 

(1987/25417) in community-onset E. coli BSIs. Of the 30-day deaths, 50.4% (1493/2961) 

occurred within 7-days of BSI diagnosis, which ranged from 47.2% (1063/2252) in Finland to 

68.9% (51/74) in western interior.  

 The overall crude 30-day mortality rate was 7.7 deaths/100,000 person-years. Appendix 7.29 

contains regional mortality data, case fatality risks, and crude rates. The overall directly age and 

sex standardized mortality rate was 9.7 deaths/100,000 person-years, which was lowest in 

Sherbrooke, 5.4 deaths/100,000 person-years, and highest in Finland, 11.0 deaths/100,000 

person-years [Figure 4.2]. The directly standardized 3GC-R mortality rate was 1.0 death/100,000 

person-years, which ranged from 0.3 to 2.0 deaths/100,000 person-years (Sherbrooke and 

Skaraborg, and Calgary, respectively) [Figure 4.2]. The directly standardized overall and 3GC-R 
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mortality rates were relatively stable over the 5-year study [Figure 4.3]. Regional and annual 

standardized overall, 3GC-R, and 3GC-S mortality rates are presented in Appendix 7.30. 

 The association between age and E. coli BSI 30-day mortality rate was the only significant 

association identified with univariable negative binomial regression analysis [Appendix 7.31]. 

After completing the model building process for the multivariable negative binomial regression 

model, age was the only explanatory variable that remained in the model. The 30-day mortality 

rate was significantly higher in patients that were ≥70-years-old compared to those <70-years-old 

(IRR:19.39, 95%CI:16.57-22.70, p<0.001). 

 With univariable logistic regression analysis, region, location of onset, 3GC resistance, sex, 

and age were all significantly associated with 30-day mortality in E. coli BSIs [Appendix 7.32]. 

Our multivariable logistic regression model for 30-day mortality included region, location of 

onset, 3GC resistance and an interaction between age and sex [Table 4.1]. Calgary, Skaraborg, 

and western interior had higher odds of 30-day mortality compared to Finland [Table 4.1]. 

Compared to community-onset E. coli BSIs, patients with hospital-onset E. coli BSIs had higher 

odds of 30-day mortality [Table 4.1]. Patients with E. coli BSIs resistant to 3GC had higher odds 

of dying within 30 days compared to those with 3GC-S E. coli BSIs [Table 4.1]. Regarding the 

interaction between sex and age, when males were compared to either females of the same age 

category or younger females, males had higher odds of 30-day mortality [Table 4.2]. When older 

females were compared to either younger females or males, the older females had higher odds of 

30-day mortality [Table 4.2]. When the two age categories of males were compared, older males 

had increased odds of 30-day mortality [Table 4.2]. 
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4.5 Discussion 

 Our population-based study provides important and novel insights into mortality in E. coli 

BSIs using data from five areas in three countries on two continents over a five-year period. Due 

to the population-based design of our cohort study, we were able to move beyond evaluation of 

case fatality risks to explore mortality rates.  

 Mortality is an important component of burden of disease in E. coli BSIs and was examined in 

only a limited number of previous population-based studies (1, 6-11). We can cautiously 

compare our results to those from previously published population-based studies, but it is 

important to note that the studies are from different time periods and populations, and the studies 

used a variety of mortality definitions. In-hospital mortality has been shown to be a biased 

measure of mortality at a general population-level (19) and is likely influenced by factors 

associated with health system and healthcare delivery. Regional-population based studies from 

Canberra (Australia; 2000-2004; in-hospital 7-day mortality), Calgary (Canada; 2000-2006; in-

hospital), mid-Norway (Norway; 2002-2013; 30-day), Auckland (New Zealand; 2005-2011; in-

hospital), and two Thai provinces (Thailand; 2008-2014; in-hospital) reported case fatality risks 

of 5%, 11%, 8.6%, 9%, and 8.9%, respectively (6-10). National surveillance in Finland (2004-

2007) and England (07/2011-06/2012) reported 30-day case fatality risks of 8% and 18.2%, 

respectively (1, 11). Our overall 30-day case fatality risk of 9.6% is similar to most of the case 

fatality risks reported in previous population-based studies. Non-population-based E. coli BSI 

studies reported extremely variable 30-day case fatality risks ranging from 2.8% to 37.5% (20-
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35); our 30-day case fatality risk is in the lower end of the range. However, the patients in the 

non-population-based studies are typically from highly selected populations including tertiary-

care centres, which consequently, provide minimal insight into the severity of E. coli BSIs at a 

general population-level.   

 We identified 30-day crude, and age and sex standardized mortality rates of 7.7 and 9.7 

deaths/100,000 person-years, respectively, which were comparable to the 30-day crude mortality 

rate of 7 deaths/100,000 person-years from the mid-Norway study (10). However, our rate was 

higher than that reported in a study from Calgary (in-hospital crude mortality rate, 2.9 

deaths/100,000 person-years), and calculated for a study from Finland (30-day crude mortality 

rate, 3.5 deaths/100,000 person-years) (1, 6). Our crude rate was lower than the 30-day crude 

mortality rate from England (10.3 deaths/100,000 person-years) (11).   

 When we have both case fatality risks and mortality rates from population-based studies, we 

can compare the results for E. coli BSIs to other bacterial causes of BSIs to understand their 

relative burden of disease. The mortality rates for other causes of BSIs presented below were 

calculated by multiplying the reported case fatality risk by the incidence rate (5) if they were not 

reported in the manuscript. If the definition of mortality was in-hospital mortality, then the 

mortality rate is an underestimate of the true population mortality rate (19). For Staphylococcus 

aureus BSIs, studies from Finland (2004-2007; 30-day), Calgary (Canada, 2000-2006; in-

hospital), and Skaraborg (Sweden, 2003-2005; 30-day) identified case fatality risks of 16.9%, 

25% and 19.1%, respectively, and mortality rates of 3.5, 4.9 and 5.9 deaths/100,000 person-

years, respectively (1, 36, 37). For Klebsiella species BSIs, a study from Olmsted county 

(Minnesota, USA, 1998-2007) reported a 28-day case fatality risk of 14% with associated 
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mortality rate of 1.6 deaths/100,000 person-years (38), and a study from western interior (BC, 

Canada, 04/01/2010-03/31/2017) identified a 30-day case fatality risk of 18% and a mortality 

rate of 2.2 deaths/100,000 person-years (39). A study from Calgary (Alberta, Canada, 2000-

2006) evaluating Pseudomonas aeruginosa BSIs reported an in-hospital case fatality risk of 29% 

with a mortality rate of 1.0 deaths/100,000 person-years (40). For β-hemolytic streptococcal 

BSIs, a study from western interior (BC, Canada, 2011-2018) identified a 30-day case fatality 

risk of 11% and a mortality rate of 1.6 deaths/100,000 person-years (41). The comparisons are 

meant to be illustrative in nature and should be viewed with caution since the studies are from 

different populations, cover different time periods, and in some cases use different mortality 

definitions. Ideally, our comparisons would be drawn from multinational studies from similar 

areas using the 30-day mortality definition with rates directly age and sex standardized to the 

same standard population, which is an area for future research. If we view case fatality risk in 

isolation, our 30-day case fatality risk of 9.6% for E. coli BSIs is lower than the case fatality 

risks for other causes. Therefore, when using case fatality risk as the sole measure of disease 

severity, we might conclude that E. coli BSIs are less severe compared to the other bacterial 

causes of BSIs. However, if we compare our crude E. coli BSI mortality rate of 7.7 

deaths/100,000 person-years to the other studies, we note that our mortality rate is the highest. 

Even though E. coli BSIs may be less severe than some other bacterial causes of BSIs, they can 

still pose a significant burden of disease through mortality because they are much more common, 

which results in high incidence rates. This highlights the importance of exploring mortality 

through two lenses, rate and case fatality risk, which is only possible at a general population 

level when we use population-based study designs.  
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 By presenting mortality through rates and case fatality risks, we had the ability to use 

different regression modelling approaches. Logistic regression is an approach for modelling 

mortality that is commonly reported in the literature (18, 22, 26, 28, 31, 33, 42-45) and by using 

this method we evaluated factors associated with the proportion of deaths or case fatality risk. 

Additionally, by using the negative binomial regression model (18), we were able to explore 

factors associated with the number of 30-day deaths in E. coli BSIs adjusted for the underlying 

population-at-risk, which is the mortality rate. Therefore, we were able to gain insight into the 

factors impacting two measures of mortality and we found that the drivers for mortality rate and 

case fatality risk differ. The only explanatory variable that was associated with the 30-day 

mortality rate was age category, while region, location of onset, 3GC resistance, age and sex 

were associated with 30-day case fatality risk. The number of explanatory variables for the 

negative binomial model were limited because population data were only available stratified by 

year, age and sex. Even in light of the data limitations affecting mortality rate modelling, it still 

provides important insight into burden of disease and can easily be added to the analyses of 

future population-based studies.  

 Hospital-onset and 3GC-R E. coli BSIs both significantly increased the odds of 30-day 

mortality. These findings are consistent with previous studies (Hospital-onset (6, 7, 28, 30), and 

3GC-R (9, 26, 28, 42)). A meta-analysis from a 2014 systematic review also identified a 

significant increase in the risk of dying within 30-days of BSI diagnosis, when patients had 3GC-

R E. coli BSIs compared to those with 3GC-S E. coli BSIs (46). Interventions could be directed 

at decreasing 3GC-R or hospital-onset E. coli BSIs in order to reduce 30-day mortality in 

patients with E. coli BSIs.  
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 The demographic factors, age and sex, are known to be important factors related to mortality. 

We found that E. coli BSI patients ≥70-years-old experienced 30-day mortality at a higher rate, 

which is consistent with previous studies that found the rate of mortality was significantly higher 

with increasing age (1, 10). The relationship between age category and 30-day case fatality 

depended on the sex being considered. We did not identify a previous study that reported an 

interaction between age and sex, however there are reports of higher case fatality risks with 

increasing age (6, 11, 28, 33) and in males (1, 11, 28, 30, 31). The significant interaction 

between age and sex reinforces the importance of considering interaction effects during 

multivariable model building.    

 There were significant regional differences in 30-day case fatality risk. However, since region 

is a proxy for other unmeasured variables, we are unable to propose explanations for these 

regional differences. For future research projects, more detailed information regarding specific 

regional and population variables could be collected, which would facilitate exploration of the 

regional differences. During our 5-year study, we did not find significant changes over time in 

30-day mortality rate or case fatality risk. When we compare results from a previous Finnish 

study (2004-2007) (1) to our results from Finland (2014-2018), we see 30-day case fatality risks 

in E. coli BSIs of 8% and 9.1%, and 30-day crude mortality rates of 3.5 deaths/100,000 person-

years (calculated) and 8.2 deaths/100,000 person-years, respectively. There is a 13.8% increase 

in case fatality risk and a 133% increase in the mortality rate between the two studies. 

Considering the small increase in case fatality risk, the large increase in mortality rate can be 

mostly attributed to a substantial increase in the E. coli BSI incidence rate between the two 
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studies. This comparison is only based on one area but we may have identified increases in the 

mortality rate over time, if our study covered a longer time period.     

 Our study did have some limitations that should be noted. We were only able to report 

community-onset and not further characterize these community-onset BSI episodes into 

healthcare-acquired and community-acquired. Additional detailed data were not available for co-

morbidities, source of BSI, treatment, length of hospital stay prior to positive culture, or other 

burden of disease outcomes (e.g., length of hospital stay, hospital costs, or measures of 

morbidity). We did not have information on culturing rates. The results from our study should 

only be generalized to other high-income countries (47). One population-based study from 

Thailand, an upper-middle-income country (47), presented E. coli BSI mortality data, but more 

population-based research in low, lower-middle, and upper-middle-income countries is required 

to understand from a global perspective, the contribution of mortality to the burden of disease 

from E. coli BSIs.  

 In conclusion, our multinational population-based study identified that E. coli BSIs have a 

considerable burden of disease from 30-day mortality. Older E. coli BSI patients experienced 

markedly increased 30-day mortality rates. Region, age, sex, 3GC resistance, and location of 

onset were associated with 30-day case fatality risk. Because E. coli BSIs are much more 

common than other bacterial causes of BSIs, our population-based 30-day mortality rate was 

higher than that reported for other bacterial causes of BSIs, including Staphylococcus aureus, 

Klebsiella spp., β-hemolytic streptococci, and Pseudomonas aeruginosa. Our study highlights 

the importance of using population-based mortality data to evaluate mortality rate in addition to 

case fatality risk because they provide insights into different aspects of mortality. Even though E. 
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coli is not the most severe bacterial BSI, since it is the most common cause of BSIs, it has a very 

substantial impact on human health as a result of mortality. 
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4.7 Tables 

Table 4.1: The adjusted odds ratios (95% confidence intervals and p-values) for the 

multivariable logistic regression model estimating the associations between the explanatory 

variables (region, location of onset, third-generation cephalosporin resistance, sex, and age) and 

30-day mortality in E. coli bloodstream infections based on data from a multinational population-

based cohort study (2014 to 2018)1 

Variable aOR 95% CI p-value 

Region   < 0.001 

Finland 1.00 referent  

Calgary 1.52 1.36-1.71 <0.001 

Sherbrooke 0.87 0.64-1.20 0.403 

Skaraborg 1.31 1.09-1.57 0.004 

Western Interior 1.69 1.31-2.18 <0.001 

Location of Onset    

Community-onset 1.00 referent  

Hospital-onset 2.44 2.25-2.66 <0.001 

3GC-R    

Susceptible 1.00 referent  

Resistant 1.37 1.20-1.55 <0.001 

Sex    

Female 1.00 referent  

Male 1.772  1.52-2.05 <0.001 

Age Category    

<70-years-old 1.00 referent  

≥70-years-old 2.212 1.95-2.52 <0.001 

Interaction - Sex and Age    

Male and ≥70 0.732 0.62-0.87 <0.001 

aOR – Adjusted odds ratio; CI – Confidence interval 

1Model fits the data based on Hosmer-Lemeshow goodness-of-fit test (p=0.653) 

2Exponentiated coefficients are not true aOR due to interaction term – see contrasts in Table 4.2   
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Table 4.2: The adjusted odds ratios (95% confidence intervals and p-values) for the contrasts 

examining the interactions between sex and age based on the multivariable logistic regression 

model (Table 4.1) estimating the associations between the explanatory variables (region, location 

of onset, third-generation cephalosporin resistance, sex, and age) and 30-day mortality in E. coli 

bloodstream infections based on data from a multinational population-based cohort study (2014 

to 2018) 

Contrast Statement aOR 95% CI p-value 

Males <70 compared to females <70 1.77 1.52 – 2.05  <0.001 

Males ≥70 compared to females ≥70 1.30 1.18 – 1.42 <0.001 

Males ≥70 compared to females <70 2.87 2.52 – 3.28 <0.001 

Females ≥70 compared to females <70 2.21 1.95  – 2.52 <0.001 

Males ≥70 compared to males <70 1.62 1.44 – 1.83 <0.001 

Females ≥70 compared to males <70 1.25 1.11 – 1.41 <0.001 

aOR – Adjusted odds ratio; CI – Confidence interval 
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4.8 Figures 

 

Figure 4.1: Number of E. coli bloodstream infection patients with 30-day mortality by age 

category and sex based on data from the multinational population-based cohort study (2014 to 

2018) 
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3GC-R – Third-generation cephalosporin-resistant; 3GC-S – Third-generation cephalosporin-

susceptible 

1 Standard population – EU28 2018 population 

Figure 4.2: Directly age and sex standardized E. coli bloodstream infection 30-day mortality 

rates by region for overall, and third-generation cephalosporin-resistant and susceptible E. coli 

bloodstream infections based on data from a multinational population-based cohort study (2014 

to 2018)1 
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3GC-R – Third-generation cephalosporin-resistant; 3GC-S – Third-generation cephalosporin-

susceptible 

1Standard population – EU28 2018 population 

Figure 4.3: Directly age and sex standardized E. coli bloodstream infection 30-day mortality 

rates by year for overall, and third-generation cephalosporin-resistant and susceptible E. coli 

bloodstream infections based on data from a multinational population-based cohort study (2014 

to 2018)1
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CHAPTER 5 

5 Escherichia coli bloodstream infections in the western interior 

of British Columbia, Canada: a population-based cohort study 

 

5.1 Abstract 

 Background – Our population-based study objectives were to describe characteristics, 

antimicrobial resistance, and outcomes associated with Escherichia coli bloodstream infections 

(BSIs), and to evaluate factors associated with 30-day mortality and long post-infection length of 

hospital stay (LOS). 

Methods – We included all incident E. coli BSIs from residents of the western interior area, 

British Columbia, Canada from April 2010 to December 2018. From electronic medical records, 

we obtained data including patient demographics, clinical characteristics (e.g., location of onset, 

focus of infection, Charlson comorbidity index (CCI), antimicrobial resistance), and BSI 

outcomes (30-day all-cause mortality and LOS). Using multivariable logistic regression models 

fitted with general estimating equations, we estimated factors associated with 30-day mortality 

and long post-infection LOS (>75th percentile).  

Results – We identified 902 incident E. coli BSIs in 850 patients during 1.6 million person-

years of surveillance. The crude incidence and 30-day mortality rates were 56.8 E. coli BSI and 



 

 

142 

 

6.5 deaths/100,000 person-years, respectively. The 30-day case fatality risk was 11.4% 

(103/902). Compared to community-acquired E. coli BSIs, cases with either healthcare-acquired 

or hospital-onset had higher odds of 30-day mortality. Older cases, non-urogenital BSI foci and 

CCI≥3 had higher odds of 30-day mortality compared to younger cases, urogenital foci and 

CCI<3. Cases with ESBL-producing E. coli BSIs, hospital-onset E. coli BSIs, and CCI≥3 had 

higher odds of long post-infection LOS compared to those with non-ESBL-producing, 

community-acquired and heathcare-acquired, and CCI<3.  

Conclusions – There is a substantial burden of disease from E. coli BSIs and we identified 

risk factors that increase the odds of 30-day mortality and long post-infection LOS.  

 

5.2 Introduction 

 Escherichia coli causes a significant burden of disease in humans since it is the most common 

cause of bacterial bloodstream infections (BSIs) (1-3). The importance of using population-based 

study designs for BSI research projects has been established (4-6). By including all incident BSIs 

in a defined and isolated geographical area, selection biases are minimized and the population of 

the area can be used to define the population at risk (5). This allows the epidemiology of BSIs to 

be studied at a population-level and gain insight into the burden of disease. Population-based 

studies are particularly essential when researching E. coli BSIs because the vast majority of cases 

are community-onset (7-12), and not all E. coli BSIs require hospitalization for treatment (7). 

Therefore, if a solely hospital-based data collection approach is used for E. coli BSIs, complete 

case ascertainment and defining the population at risk will not be possible.   
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 Mortality and length of hospital stay (LOS) are important measures of burden of disease from 

the patient and healthcare system perspective, respectively (13). Two previous population-based 

studies of E. coli BSIs used logistic regression analysis to explore factors associated with all-

cause mortality while adjusting for confounding (in-hospital mortality (7) and 30-day mortality 

(12)). Laupland et al. (2008) found that increasing age, healthcare-acquired and hospital-onset 

location of onset, focus of infection other than urinary tract, ciprofloxacin resistance, and a 

number of comorbidities had higher odds of in-hospital mortality (7). Whereas, a urinary tract 

focus of infection was associated with lower odds of in-hospital mortality (7). Abernethy et al. 

(2015) found that increasing age, age less than one-year-old, male sex, hospital-onset and no 

hospital admission, winter, respiratory or unknown focus of infection, and ciprofloxacin 

resistance had higher odds of 30-day mortality (12). They also found that a urogenital focus of 

infection was associated with lower odds of 30-day mortality (12). Median total LOS has been 

reported by two previous population-based studies (7, 8). Both used non-parametric tests to 

assess whether median LOS differed between types of location of onset (7, 8). We are not aware 

of a previously published population-based study using multivariable regression analysis to 

explore post-infection LOS in E. coli BSIs. Multivariable regression analyses are important 

because they facilitate more accurate estimation of the measures of associations by controlling 

for confounding variables and exploration of interaction effects. Detailed analyses of E. coli BSI 

characteristics and outcomes in the western interior area of British Columbia (BC), Canada have 

not been previously performed.   

 Using population-based data from a geographically isolated Canadian area, we aimed to: 1) 

describe the characteristics, antimicrobial resistance (AMR), and outcomes associated with E. 
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coli BSIs; and 2) evaluate the factors associated with 30-day mortality and long post-infection 

LOS. 

 

5.3 Methods 

5.3.1 Study protocol 

Our population-based cohort study included all incident cases of E. coli BSIs in residents of 

the western interior area (2018 population 191,000 (14)) in the province of British Columbia 

(BC), Canada from April 1st, 2010 to December 31st, 2018. If a patient had more than one E. coli 

BSI during the study period, a subsequent BSI was included as a separate incident case only if it 

was diagnosed at least one month from the preceding BSI that had clinically resolved after 

treatment. Details regarding the area’s healthcare infrastructure, population, surveillance 

database, and microbiology methodology have been published in previous manuscripts (15, 16). 

The Interior Health and University of Guelph Research Ethics Boards approved this study and 

granted waivers of individual informed consent (2013-14-052-I and 2018-10-050, respectively).  

5.3.2 Laboratory procedures  

A single draw was used to collect blood into a pair of aerobic and anaerobic bottles, which 

was the blood culture set. During the study, it was standard protocol to draw two blood culture 

sets from different sites on each patient. The BacT/Alert 3D system was used to culture all blood 

culture sets (bioMérieux, France). Standard methodology and established protocols were used for 

isolation and speciation of bacteria. Antimicrobial susceptibility testing was performed using 
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microbroth dilution (Vitek 2XL, bioMérieux, France), ETEST®, or Kirby Bauer disk diffusion 

depending on the antimicrobial being assessed. Isolates of E. coli from BSIs were routinely 

assessed for susceptibility to ampicillin, cefazolin, ceftriaxone, ciprofloxacin, gentamicin, and 

trimethoprim sulfamethoxazole (TMS). Additional antimicrobials were assessed for 

susceptibility as appropriate based on the results obtained from individual E. coli isolates. The 

results of antimicrobial susceptibility testing (AST) were interpreted as susceptible, intermediate 

and resistant using the current Clinical Laboratory Standards Institute (CLSI) clinical 

breakpoints at the time of AST (17). Isolates of E. coli were screened and confirmed for 

extended-spectrum beta-lactamase (ESBL)-production using ESBL detection disc sets 

(MASTDISC® Combi, Mast Group Ltd, United Kingdom).        

5.3.3 Data and definitions  

Escherichia coli BSIs were identified by the regional microbiology laboratory and an 

experienced infectious disease specialist (KBL) confirmed incident cases. KBL reviewed 

electronic medical records from the regional clinical information system to obtain and determine 

case data including: bacterial species isolated from the blood culture, blood culture date, patient 

demographics (age and sex), hospital admission date, location of onset, focus of infection, 

Charlson comorbidity index, antimicrobial susceptibility data (including susceptibility to 

ciprofloxacin and ESBL-production), LOS, and 30-day all-cause mortality. The BSI location of 

onset was characterized as hospital-onset if the first positive blood culture was obtained at least 

48 hours after hospital admission or within 48 hours of hospital discharge; otherwise it was 

characterized as community-onset (18). Using the definitions proposed by Friedman et al. 2002, 

community-onset BSIs were further categorized into healthcare-acquired or community-acquired 
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(18). Detailed medical record review by KBL facilitated determination of the foci of infection, 

which were classified into categories including: no focus (primary), soft tissue, pneumonia, 

cardiovascular, intra-abdominal and biliary, and urogenital. The Charlson comorbidity index 

(CCI) was constructed from medical record data using established methodology (19). If an 

isolate had intermediate susceptibility to an antimicrobial, it was considered resistant for 

analyses. BSIs were classified as multidrug resistant (MDR) if they were resistant to three or 

more antimicrobial categories (20). Polymicrobial infections were E. coli BSIs that had at least 

one more bacterial species isolated within two days of the E. coli being cultured. Thirty-day all-

cause mortality was defined as death from any cause within 30-days after the positive E. coli 

blood culture. In-hospital all-cause mortality was defined as death from any cause during 

hospitalization. Thirty-day in-hospital all-cause mortality was death from any cause during the 

first 30-days of hospitalization after the positive E. coli blood culture. Total LOS was the 

difference in days between hospital admission and discharge. Pre-infection LOS was the 

difference in days between hospital admission and the day the blood culture was drawn. Post-

infection LOS was the difference between the day the blood culture was drawn and hospital 

discharge. 

5.3.4 Statistical analysis  

 We performed data analysis in Stata 15.1 (21). To summarize categorical variables, we 

calculated proportions (sex, location of onset, focus of infection (urogenital and non-urogenital), 

and AMR data) and determined the median and interquartile range (IQR) to summarize the 

continuous variables, age, and CCI. The data were summarized for all incident E. coli BSIs, 

those that were alive at day 30, and those that experienced 30-day mortality. We calculated 
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incidence and mortality rates by dividing the number of incident E. coli BSIs or 30-day deaths by 

the surveillance population during the study period (14, 22). We calculated 30-day case fatality 

risk by dividing the number of 30-day deaths by the number of incident E. coli BSIs (22). To 

summarize LOS measures, the median and IQR were calculated.  

 To identify factors significantly associated with 30-day all-cause mortality in E. coli BSIs, we 

used a logistic regression model (21, 22). A logistic regression model was also used to estimate 

factors significantly associated with long post-infection LOS. Long post-infection LOS was 

defined as post-infection LOS greater than the 75th percentile (23) and this logistic regression 

model was restricted to E. coli BSI cases that were hospitalized and survived to hospital 

discharge. The logistic regression models were fitted with generalized estimating equations using 

exchangeable correlation structures to account for the lack of independence from some patients 

having more than one incident BSI during the study period (21, 22). For inclusion in each 

logistic regression model, we considered the following 11 categorical explanatory variables: age 

(<65-years-old or ≥65-years-old); sex (female or male); polymicrobial (monomicrobial or 

polymicrobial); ESBL (non-ESBL or ESBL); ciprofloxacin resistance (susceptible or resistant); 

MDR (non-MDR or MDR); focus of infection (urogenital or non-urogenital); location of onset 

(community-acquired, healthcare-acquired or hospital-onset); CCI category (CCI<3 or CCI≥3); 

season (spring (Mar-May), summer (June-August), fall (September-November), or winter 

(December-February)); and year (2010 through 2018). First, we completed univariable analysis, 

and to avoid collinearity in subsequent multivariable model fitting we checked for high 

correlation between explanatory variables using a Phi coefficient (ρ≥|0.8| was used as the cut-off 

value). Multivariable logistic regression models were then built using a backwards stepwise 
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model building process starting with all of the explanatory variables that met the liberal p-value 

threshold of p<0.2 in univariable analysis, and were not highly correlated (22). If the explanatory 

variables, MDR and either ESBL or ciprofloxacin resistance, met the criteria to be considered in 

the multivariable model, separate multivariable models were built for inclusion of MDR, and 

ESBL and ciprofloxacin resistance since the latter variables could be a component of MDR. We 

considered the following two-way interaction effects for inclusion in the multivariable regression 

models: age and sex, ESBL and ciprofloxacin resistance, age and all of the explanatory variables 

in the final main effects multivariable model, and sex and all of the explanatory variables in the 

final main effects multivariable model. In order to remain in the final multivariable model, 

variables had to meet at least one of the following criteria: be statistically significant (α=0.05), be 

part of a significant interaction term, or be a confounding variable (based on >20% change in 

another variable’s coefficient and meeting causal criteria) (22). Odds ratios (OR) were reported 

with 95% confidence intervals (CI). 

 

5.4 Results 

5.4.1 E. coli bloodstream infection incidence and characteristics  

 From April 1st, 2010 to December 31st, 2018 we identified 902 incident E. coli BSIs from 850 

patients. One patient had four incident E. coli BSIs, four patients had three incident E. coli BSIs, 

41 patients had two incident E. coli BSIs, and the remaining 804 patients had single incident E. 

coli BSI during the study period. The surveillance for our population-based study had 1.6 million 
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person-years of follow-up. The overall crude incidence rate was 56.8 E. coli BSI/100,000 

person-years. The age distribution of incident E. coli BSIs was left skewed with a median of 70.9 

years (IQR 57.9-81.1) and 57.4% of incident E. coli BSIs were in females (518/902) [Figure 5.1, 

Table 5.1].  

 Polymicrobial infections occurred in 7.5% of incident E. coli BSIs (68/902) with one incident 

E. coli BSI case having a BSI with a total of four bacterial species, nine incident E. coli BSIs 

cases having a total of three bacterial species, and 58 incident E. coli BSIs cases having a total of 

two bacterial species [Table 5.1, Appendix 7.33]. The five most common bacterial species that 

were present in polymicrobial infections with E. coli were: Klebsiella spp. (19 BSIs), 

Enterococcus spp. (9 BSIs), Pseudomonas spp. (6 BSIs), Staphylococcus spp. (6 BSIs), and 

Streptococcus spp. (6 BSIs) [Appendix 7.33].  

 Almost half of the incident E. coli BSIs were pansusceptible (48.7%, 439/902). The 

proportion of incident E. coli BSIs that were resistant to ciprofloxacin, ceftriaxone, gentamicin, 

cefazolin, ampicillin, and TMS was 23.2% (209/902), 10.1% (92/902), 8.4% (75/898), 19.4% 

(175/902), 45.1% (407/902), and 22.5% (194/861), respectively. No resistance to meropenem 

was reported and 8.1% of incident E. coli BSIs were ESBL-producing (73/902) [Table 5.1]. 

Multidrug resistance was present in 22.1% of incident E. coli BSIs (199/902) [Table 5.1], with 

resistance ranging from three (39.7%, 79/199) to seven (3.5%, 7/199) antimicrobial categories in 

these infections. 

 Community-onset occurred in 89.1% (804/902) of incident E. coli BSIs with healthcare-

acquired BSIs (47.8%, 431/902) occurring more frequently than community-acquired BSIs 
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(41.3%, 373/902) [Table 5.1]. The underlying foci for incident E. coli BSIs from most to least 

common were urogenital (65.3%, 589/902), intra-abdominal or biliary (23.9%, 216/902), no 

focus (primary BSI) (7.3%, 66/902), pneumonia (2.3%, 21/902), orthopedic (0.6%, 5/902), and 

soft tissue (0.6%, 5/902). 

 The distribution of CCI for incident E. coli BSIs was right skewed with a median of 1 (IQR 0-

3) [Table 5.1]. The CCI for incident E. coli BSIs ranged from zero (37.5%, 338/902) to 11 

(0.1%, 1/902). The three most common comorbidities in incident E. coli BSIs were diabetes 

mellitus (22.2%, 200/902), cancer (20.4%), and chronic pulmonary disease (14.4%, 130/902) 

[Table 5.1].  

5.4.2 Mortality 

The 30-day all-cause case fatality risk was 11.4% (103/902) and the crude 30-day mortality 

rate was 6.5 deaths/100,000 person-years. The descriptive statistics for characteristics of E. coli 

BSIs cases that did and did not survive to 30 days after blood culture collections are in Table 5.1. 

Most of the cases with E. coli BSIs required hospitalization (85.3%, 769/902) and the in-hospital 

case fatality risk was 10.9% (84/769). The 30-day in-hospital case fatality risk was 9.1% 

(70/769). Age category, sex, polymicrobial, MDR, location of onset, focus of infection, and CCI 

category were all considered for inclusion in our multivariable logistic regression model for 30-

day mortality in E. coli BSIs based on p-value <0.2 [Appendix 7.34]. When individual 

comorbidities were evaluated for their association with 30-day mortality using univariable 

logistic regression models, E. coli BSI cases with cancer, congestive heart failure, myocardial 

infarction, dementia, or cerebrovascular disease had significantly higher odds of dying within 30 
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days compared to those without the specific comorbidity [Appendix 7.34]. Our final 

multivariable logistic regression model for 30-day mortality included age category, location of 

onset, focus of infection and CCI category [Table 5.2]. None of the interactions tested were 

statistically significant. Older E. coli BSI cases had significantly higher odds of 30-day mortality 

compared to younger cases [Table 5.2]. Compared to community-acquired E. coli BSIs, cases 

with either healthcare-acquired or hospital-onset E. coli BSIs had significantly higher odds of 30-

day mortality, and the odds were significantly higher for hospital-onset E. coli BSIs compared to 

healthcare-acquired E. coli BSIs [Table 5.2]. Cases with a focus of infection for their E. coli BSI 

that was anything other than urogenital had higher odds of dying within 30 days compared to 

those with a urogenital focus for their BSI [Table 5.2]. Cases with a CCI of 3 or more had higher 

odds of 30-day mortality compared to those with a CCI less than 3 [Table 5.2]. 

5.4.3 Length of hospital stay 

The distributions for all of the LOS measures were right skewed. For cases with incident E. 

coli BSIs that required hospitalization and survived to discharge (n=685), the median LOS prior 

to infection was 0 days (IQR 0-0), the median total LOS was 7 days (IQR 4-12), and the median 

post-infection LOS was 6 days (IQR 4-11). For cases that died in hospital (n=84), the median 

post-infection LOS prior to in-hospital death was 3 days (IQR 1-9). The median post-infection 

LOS in incident E. coli BSIs that survived to discharge stratified by demographic and BSI 

characteristics are presented in Appendix 7.35. Age category, polymicrobial, ESBL, 

ciprofloxacin resistance, MDR, location of onset, focus of infection and CCI category were all 

considered for inclusion in our multivariable logistic regression model for long post-infection 

LOS based on p-value <0.2 [Appendix 7.36]. When individual comorbidities were evaluated for 
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their association with long post-infection LOS using univariable logistic regression models, E. 

coli BSI cases with diabetes mellitus, congestive heart failure, dementia, or cerebrovascular 

disease had significantly higher odds of long post-infection LOS compared to those without the 

specific comorbidity [Appendix 7.36]. Our final multivariable logistic regression model for long 

post-infection LOS included ESBL, location of onset, and CCI category [Table 5.3]. None of the 

interactions tested were significant. Cases with ESBL-producing E. coli BSIs had significantly 

higher odds of long post-infection LOS compared to those with non-ESBL-producing E. coli 

BSIs [Table 5.3]. Compared to community-acquired and healthcare-acquired E. coli BSIs, cases 

with hospital-onset E. coli BSIs had significantly higher odds of long post-infection LOS [Table 

5.3]. Cases with a CCI of 3 or more had significantly higher odds of long post-infection LOS 

compared to those with a CCI less than 3 [Table 5.3]. A separate multivariable model was 

constructed for MDR, but MDR was not statistically significant (results not shown). 

 

5.5 Discussion 

 Our population-based study contributes important information regarding factors associated 

with mortality and LOS to the body of E. coli BSI literature. There were several key strengths of 

our study, including the population-based surveillance data for almost a nine-year period, the 

geographically isolated nature of the area, and the availability of detailed clinical data. Notably, 

we have results on the burden of disease from E. coli BSIs at the population-level for the western 

interior area of BC, since for residents, we have all incident E. coli BSIs, all 30-day deaths in E. 

coli BSIs and all hospitalizations for E. coli BSIs at area hospitals. When we examine burden 
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from the absolute perspective of the number of E. coli BSIs in the population, we report a 

considerable burden of disease with a crude incidence rate of 56.8 E. coli BSI/100,000 person-

years and a crude 30-day mortality rate of 6.5 deaths/100,000 person-years. 

 The epidemiological characteristics and AMR results of the incident E. coli BSIs in our study 

are similar to those from previous population-based studies, although there are some differences. 

In previous studies, 72.8-91.1% of E. coli BSIs were community-onset, which consisted of 31.7-

40.0% healthcare-acquired and 34.0-59.4% community-acquired (7-10, 12). Our study had a 

similar proportion of community-onset E. coli BSIs (89.1%), but with further characterization of 

the community-onset into healthcare-acquired and community-acquired, we had more 

healthcare-acquired (47.8%) E. coli BSIs than previous studies. When previous studies reported 

the foci of infection for E. coli BSIs, urogenital foci were the most common and this is consistent 

with our results (3, 9, 10, 12). Resistance to ceftriaxone and ciprofloxacin, ESBL-production, 

and MDR are of particular importance for E. coli infections due to their potential implications for 

treatment and their prevalence can vary widely between different studies. Previous studies 

reported third-generation cephalosporin resistance of 1.0-10.4% (7-10, 12), ciprofloxacin 

resistance of 7.0-18.4% (7-10, 12), and ESBL-producing E. coli in 2.0-26.8% (7, 8, 11). We had 

a higher prevalence of ciprofloxacin resistance (23.2%) compared to the previous studies, 

however, differences in population and study time periods make interpreting this difference 

difficult. We did not identify a previous population-based E. coli BSI study that reported MDR 

and therefore do not have a basis of comparison for our MDR prevalence. Future studies could 

easily include the MDR metric, which can be generated from AMR data (20). Previous 

population-based E. coli BSI studies did not indicate if the E. coli BSIs were polymicrobial or 
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monomicrobial. In our study, 7.5% of the incident E. coli BSIs were polymicrobial and we 

contend that this is an important detail to include, especially if risk factor analyses of health 

outcomes are being performed.  

 Mortality is an important measure of burden of disease (13). Population-based studies have 

reported E. coli 30-day all-cause case fatality risks of 8.0-18.2% (1, 12, 24) and our 30-day all-

cause case fatality risk of 11.4% is within the lower half of the range. Another previously-used 

definition of mortality is in-hospital all-cause mortality. If we compare our 30-day case fatality 

risk (11.4%) to our 30-day in-hospital case fatality risk (9.1%), we note that the in-hospital 

measure is lower. If we take the in-hospital deaths that occurred within 30 days (n=70) and used 

the total number of incident E. coli BSIs (n=902), then we have a 30-day in-hospital case fatality 

risk of 7.8%, which is considerably lower. In-hospital mortality has been shown to be a biased 

measure of mortality in population-based studies (25) and our results provide further support of 

this bias. In-hospital mortality does not accurately reflect mortality in population-based studies 

because any mortalities in patients that were never hospitalized or in those that died after 

discharge but before 30 days are not captured. Bacterium-attributable mortality where the deaths 

are confirmed to be a result of the BSI is a less frequently used definition of mortality. It may 

seem conceptually ideal to attribute the cause of the death to the BSI, but in reality, it is often not 

practical and sometimes even impossible to confirm. Patients with BSIs often have 

comorbidities, which makes the accurate attribution of cause of death to the BSI difficult and 

commonly this information is determined from medical record review, which further complicates 

attribution. Therefore, all-cause mortality without restriction to in-hospital is the best approach to 
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define mortality for population-based and this is often done with a 30-day post-infection 

timeframe (30-day all-cause mortality) (25).     

 The factors that had significantly higher odds of 30-day mortality in E. coli BSIs in our study 

included cases ≥ 65-years-old, healthcare-acquired or hospital-onset BSIs, a focus of infection 

other than urogenital, and a CCI of 3 or greater. We used a generalized estimating equation for 

the logistic regression models to account for the lack of independence due to 46 patients having 

more than one E. coli BSI during the study. Incident E. coli BSIs from the same patient will be 

more similar to each other than other incident E. coli BSIs from other patients and by accounting 

for this lack of independence, generalized estimating equations correctly estimate coefficients 

and standard errors. Previous studies identified associations between increasing age and higher 

case fatality risks, which is consistent with our findings (7, 12, 23, 26). Also similar to our 

findings, other studies established that hospital-onset E. coli BSIs are associated with increased 

mortality (7, 8, 27) and specifically, when community-onset is further characterized into 

community-acquired and healthcare-acquired, the odds of mortality are higher with hospital-

onset than healthcare-acquired when compared to community-acquired (7, 8). Our study is also 

consistent with others in identifying that having a BSI focus other than urogenital is associated 

with increased case fatality risk (7, 12, 23, 26, 28-30). Some previous studies found an 

association between higher CCI or Elixhauser comorbidity score and increased mortality (23, 

29). We used CCI in the multivariable logistic regression model and found that a higher CCI 

(≥3) was associated with higher odds of 30-day mortality. We went further and evaluated 

common individual comorbid conditions with univariable logistic regression models to gain 

insight into the comorbidities that might be contributing to the CCI mortality association. 



 

 

156 

 

Escherichia coli BSI cases with cancer, congestive heart failure, myocardial infarction, dementia 

and cerebrovascular disease all had significantly higher odds of mortality. This is important from 

a clinical perspective, and considering we are using all-cause mortality these comorbidities could 

have at least partially contributed to the mortality in our study. Other variables, including sex, 

ESBL, ciprofloxacin resistance, MDR, and season have not consistently had a significant 

association with mortality in the literature; some previous studies found that males, ESBL, 

ciprofloxacin resistance, MDR, and winter were significantly associated with higher mortality, 

whereas others, including our study, have not found significant associations (7, 11, 12, 23, 26-29, 

31, 32). The inconsistent associations for sex, AMR, and season between studies are likely due to 

differences in healthcare practices, population, and geography. Studies also found significant 

associations between inappropriate initial antimicrobial therapy and higher mortality (30, 31) and 

this could be explored in the western interior population in future studies.  

 Longer LOS is associated with increased hospital costs and therefore is an important measure 

of burden of disease associated with BSIs from the healthcare system perspective (13). When 

exploring this burden of disease, post-infection LOS is the appropriate LOS measure since it 

only covers the LOS while the BSI was present. Blandy et al. (2019), estimated factors 

associated with long post-infection LOS in E. coli BSIs, but they used hospital-based and not 

population-based data (23). They included E. coli BSIs from three teaching hospitals in West 

London, United Kingdom from January 2011 to June 2015 (23). In both our study and the 

Blandy et al. study, having a third-generation cephalosporin-resistant or ESBL-producing E. coli 

BSIs significantly increased the odds of having a long post-infection LOS (23). This is an 

important finding because recently third-generation cephalosporin resistance in E. coli has been 
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increasing globally (33). Third-generation cephalosporin-resistant E. coli is considered a critical 

priority pathogen for research and development of new antibiotics by the World Health 

Organization and a serious threat to human health by the Centers for Disease Control and 

Prevention (33, 34). Blandy et al. found that patients with hospital-onset E. coli BSIs had 

significantly higher odds of long post-infection LOS compared to those with community-onset E. 

coli BSIs (23). Similarly, we found that cases with hospital-onset E. coli BSIs had significantly 

higher odds of long post-infection LOS compared to those with community-acquired and 

healthcare-acquired E. coli BSIs. There were two significant associations identified by Blandy et 

al. that were not significant in our analysis; patients being 60-years-old or older, and 

ciprofloxacin resistance both had greater odds of having a long post-infection LOS (23). In both 

studies, sex and urinary focus of BSI were not associated with long post-infection LOS (23). It is 

interesting that a urogenital focus of infection was protective for mortality but did not impact the 

odds of having a long post-infection LOS. We found that having a CCI ≥ 3 increased the odds of 

having a long post-infection LOS; comparatively, Blandy et al. did not find a significant 

association between Elixhauser comorbidity score and long post-infection LOS (23). Differences 

in the comorbidity indices used by the two studies and the number of categories used for the 

categorical comorbidity index variable likely contributed to the contradictory results. By 

exploring individual comorbidities with univariable analyses, we found that E. coli BSI cases 

with diabetes mellitus, congestive heart failure, dementia, or cerebrovascular disease had 

significantly higher odds of having a long post-infection LOS.    

 Our study did have some limitations that should be noted. We did not have access to data 

regarding patient history (e.g., previous hospitalization, or travel), BSI treatment, or other burden 
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of disease measures (e.g., measures of morbidity, or hospital costs). The case data were collected 

retrospectively through review of medical records and are therefore limited to details contained 

within the medical records. However, it was performed by an experienced infectious disease 

specialist (KBL). Although our study is population-based, it is only from one geographical area 

with a 2018 population of 191,000 people in a high-income country with publicly funded 

healthcare and this should be taken into consideration when attempting to generalize our results 

to a different population (14, 35).    

 In conclusion, our population-based study presented detailed analyses of E. coli BSIs in the 

western interior area of BC and explored the burden of disease associated with E. coli BSIs at the 

population-level from several different perspectives. Our study demonstrated the substantial 

burden of E. coli BSIs with crude incidence and 30-day mortality rates of 56.8 E. coli BSI and 

6.5 deaths/100,000 person-years, respectively. We identified having a hospital-onset E. coli BSI 

and a CCI ≥ 3 as risk factors for both 30-day mortality and long post-infection LOS. Whereas, 

older cases, an E. coli BSI with a non-urogenital focus, and healthcare-acquired E. coli BSIs had 

significantly higher odds of 30-day mortality and ESBL-producing E. coli BSIs were a risk 

factor for long post-infection LOS. Several individual comorbidities, including congestive heart 

failure, cerebrovascular disease, and dementia, were risk factors for both 30-day mortality and 

long post-infection LOS. Future research should explore which of these risk factors could be 

effectively targeted with interventions to reduce mortality and post-infection LOS in E. coli 

BSIs.   
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5.7 Tables 

Table 5.1: Characteristics of cases with incident E. coli bloodstream infections that did and did 

not survive 30 days after blood culture collection based on data from a population-based cohort 

study in the western interior area of British Columbia, Canada (April 2010 to December 2018) 

Characteristic 

Number (%) 

Total (n=902) Alive at day 30 

(n=799) 

Died within 30 days 

(n=103) 

Male 384 (42.6%) 332 (41.6%) 52 (50.5%) 

Age in years (median (IQR)) 70.9 (57.9-81.1) 69.8 (56.6-80.3) 77.8 (67.4-85.3) 

Polymicrobial bloodstream infection 68 (7.5%) 49 (6.1%) 191 (8.5%) 

Antimicrobial resistance    

Extended-spectrum β-lactamase 73 (8.1%) 66 (8.3%) 7 (6.8%) 

     Ciprofloxacin 209 (23.2%) 186 (23.3%) 23 (22.3%) 

Multidrug resistant 199 (22.1%) 182 (22.8%) 17 (16.5%) 

Location of onset     

     Community-acquired 373 (41.3%) 355 (44.4%) 18 (17.5%) 

     Healthcare-acquired 431 (47.8%) 375 (46.9%) 56 (54.4%) 

     Hospital-onset 98 (10.9%) 69 (8.6%) 29 (28.2%) 

Focus of infection    

     Urogenital 589 (65.3%) 557 (69.7%) 32 (31.1%) 

     Non-urogenital 313 (34.7%) 242 (30.3%) 71 (68.9%) 

Charlson Comorbidity Index (median (IQR)) 1 (0-3) 1 (0-2) 3 (1-5) 

Comorbidities (prevalence ≥5%)    

     Diabetes mellitus  200 (22.2%) 183 (22.9%) 17 (16.5%) 

     Cancer 184 (20.4%) 149 (18.7%) 35 (34.0%) 

     Chronic pulmonary disease 130 (14.4%) 109 (13.6%) 21 (20.4%) 

     Congestive heart failure 89 (9.9%) 63 (7.9%) 26 (25.2%) 

     Myocardial infarction 74 (8.2%) 60 (7.5%) 14 (13.6%) 

     Dementia 74 (8.2%) 58 (7.3%) 16 (15.5%) 

     Renal disease 67 (7.4%) 55 (6.9%) 12 (11.7%) 

     Cerebrovascular disease 56 (6.2%) 44 (5.5%) 12 (11.7%) 

IQR – Interquartile range 

  



 

 

164 

 

Table 5.2: The adjusted odds ratios (95% confidence intervals and p-values) for the 

multivariable logistic regression model estimating the associations between the explanatory 

variables and 30-day mortality in E. coli bloodstream infections based on data from a population-

based cohort study in the western interior area of British Columbia, Canada (April 2010 to 

December 2018)1 

Variable aOR 95% CI p-value 

Age category    

<65-years-old 1 Referent  

≥65-years-old 1.97 1.15-3.35 0.013 

Location of onset   <0.001 

Community-acquired 1 Referent  

Healthcare-acquired2 2.24 1.26-3.98 0.006 

Hospital-onset2 4.97 2.52-9.80 <0.001 

Focus of infection    

Urogenital 1 Referent  

Non-urogenital 4.47 2.81-7.09 <0.001 

Charlson comorbidity index    

<3 1 Referent  

≥3 2.59 1.64-4.08 <0.001 

aOR – Adjusted odds ratio; CI – Confidence interval 

1 Logistic regression model fitted with generalized estimating equation using exchangeable 

correlation structure to account for lack of independence from some patients having more than 

one incident bloodstream infection 

2 Contrast comparing hospital-onset to healthcare-acquired aOR:2.22 (95%CI:1.28-3.85) p=0.005 
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Table 5.3: The adjusted odds ratios (95% confidence intervals and p-values) for the 

multivariable logistic regression model estimating the associations between the explanatory 

variables and long post-infection LOS in E. coli bloodstream infections based on data from a 

population-based cohort study in the western interior area of British Columbia, Canada (April 

2010 to December 2018)1 

Variable aOR 95% CI p-value 

Extended-spectrum beta-lactamase    

No 1 Referent  

Yes 2.30 1.26-4.19 0.006 

Location of onset   <0.001 

Community-acquired 1 Referent  

Healthcare-acquired2 1.22 0.80-1.85 0.365 

Hospital-onset2 6.03 3.35-10.86 <0.001 

Charlson comorbidity index    

<3 1 Referent  

≥3 1.99 1.34-2.97 0.001 

aOR – Adjusted odds ratio; CI – Confidence interval 

1 Logistic regression model fitted with generalized estimating equation using exchangeable 

correlation structure to account for lack of independence from some patients having more than 

one incident bloodstream infection 

2 Contrast comparing hospital-onset to healthcare-acquired aOR:4.96 (95%CI:2.84-8.66) p<0.001 
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5.8 Figures 

 

Figure 5.1: Number of E. coli bloodstream infections by age category and sex based on data 

from a population-based cohort study in the western interior area of British Columbia, Canada 

(April 2010 to December 2018)
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CHAPTER 6 

6 Summary discussion and conclusions 

 

6.1 Summary discussion 

 Escherichia coli is an important pathogenic bacterium in humans that causes a number of 

different diseases, including being the most common cause of bacterial bloodstream infections 

(BSIs) (1-4). There is a finite amount of funding for healthcare, public health initiatives, and 

biomedical research, and therefore, prioritization of diseases is imperative (5, 6). Quantifying 

burden of disease, which is the human and economic cost of the disease, allows diseases to be 

compared and prioritized (5, 6). In order to gain a comprehensive understanding, we need to 

evaluate burden of disease in E. coli infections from different perspectives, which include: 

absolute burden (case counts, prevalence, and incidence rates); health or patient burden 

(mortality, and morbidity); healthcare system burden (length of hospital stay (LOS), and hospital 

costs); societal or economic burden (lost productivity, and summary measures of burden of 

disease [e.g., disability-adjusted life years (DALYs)]); and attributable burden (the amount of 

burden associated with a risk factor) (5, 7). Population-based cohort studies are the ideal study 

design when addressing research questions related to burden of infectious diseases, including E. 

coli infections (8). 
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 There is large body of literature on E. coli infections in humans, however, the vast majority of 

studies are hospital-based from highly selected populations. There is only a small number of 

population-based E. coli BSI studies in the literature. With the limited number of population-

based E. coli BSI cohort studies, there is a gap in the literature related to multinational studies 

and there is a lack of recent data. As well, there are limited or no population-based studies using 

multivariable regression analyses to estimate risk factors associated with incidence rate, 

antimicrobial resistance (AMR), mortality, and LOS (9, 10). For Canadian public health 

decision-making, we need recent Canadian data, and there is only one population-based E. coli 

BSI study from Canada, which was in the Calgary region from 2000 to 2006 (9). Clearly, we 

need more recent and detailed analyses of Canadian population-based E. coli BSI data. 

Antimicrobial resistance in E. coli infections continues to threaten efficient and effective 

treatment and to appreciate the breadth of the impact, we need to understand the burden 

associated with antimicrobial-resistant E. coli infections. 

Therefore, the objectives of this thesis were: 

1) To evaluate whether measures of health or healthcare system burden increase in 

humans with antimicrobial-resistant E. coli infections when compared to those with susceptible 

infections in analytic observational studies (Chapter 2); 

2) To assess the incidence rate of E. coli BSIs and associated factors (Chapter 3); 

3) To evaluate factors associated with having a third-generation cephalosporin-resistant E. coli 

BSI (Chapter 3); 
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4) To assess the 30-day E. coli BSI mortality rate and factors associated with mortality rate 

(Chapter 4); 

5) To evaluate the 30-day E. coli BSI case fatality risk and factors associated with case fatality 

risk (Chapter 4);  

6) To describe the characteristics, AMR, and outcomes associated with E. coli BSIs (Chapter 5); 

and 

7) To evaluate the factors associated with 30-day mortality and long post-infection LOS in E. 

coli BSIs (Chapter 5).  

 We explored the health and healthcare system burden associated with antimicrobial-resistant 

E. coli infections using a systematic review and meta-analysis (Chapter 2). The types of AMR 

evaluated included resistance to third/fourth/fifth-generation cephalosporins, resistance to 

quinolones, and multidrug resistance (MDR). After article screening, 76 articles were included in 

the systematic review. Regardless of the type of AMR, the meta-analyses for 30-day and all-

cause mortality revealed a significant increase in the odds of dying with resistant E. coli 

infections compared to susceptible infections. Substantial to considerable heterogeneity 

prevented presentation of a summary mean difference for total LOS. Summary results from the 

meta-analyses for bacterium-attributable mortality and post-infection LOS should be considered 

cautiously, since there were small numbers of contributing studies. Narrative syntheses of 

treatment failure and healthcare costs studies revealed considerable variability in definitions used 

and reporting. We need more research and improved reporting to allow meaningful meta-

analyses for bacterium-attributable mortality, LOS, treatment failure, and hospital costs. 
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 We determined factors associated with E. coli BSI incidence rate and third-generation 

cephalosporin resistance using population-based cohort data from 2014-2018 in residents of 

Finland (nationally), and Australia, Sweden and Canada (regionally) (Chapter 3). Our 40.7 

million person-years of surveillance identified 31,889 E. coli BSIs. The overall standardized rate 

was 97.4 E. coli BSI/100,000 person-years and increased 12.7% over the five-year study. The 

third-generation cephalosporin-resistant E. coli BSI standardized rate was 7.1 cases/100,000 

person-years and increased 34.4% during the study. Escherichia coli BSI rates varied 

significantly by region, were lower in males and higher in older patients. There was significant 

regional and annual variation, and age and sex interacted when considering the association with 

odds of having a third-generation cephalosporin-resistant E. coli BSIs. Overall E. coli BSI 

incidence rates were 40% - 104% greater than previous investigations from these study areas. 

 Using population-based cohort data from 2014-2018 in residents of Finland (nationally), and 

Sweden and Canada (regionally), we estimated factors associated with 30-day mortality rate and 

case fatality risk in E. coli BSIs (Chapter 4). We identified 2,961 30-day deaths in 30,923 

incident E. coli BSIs from 38.7 million person-years of surveillance. For E. coli BSIs, the overall 

30-day case fatality risk was 9.6% (2961/30923). The overall standardized 30-day mortality rate 

was 9.7 deaths/100,000 person-years. Older patients experienced significantly higher 30-day 

mortality rates than younger patients. There was significant regional variation in the odds of 30-

day mortality. Hospital-onset and third-generation cephalosporin-resistant E. coli BSIs 

significantly increased the odds of 30-day mortality compared to community-onset and third-

generation cephalosporin-susceptible. The significant association between age and odds of 30-
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day mortality varied with sex. When comparing our results to those from other bacterial causes 

of BSIs, while E. coli has a lower case fatality risk, its 30-day mortality rate is higher.   

 We performed a detailed descriptive analysis of the characteristics, AMR and outcomes, and 

explored the health and healthcare system burden associated with E. coli BSIs using population-

based cohort data of E. coli BSIs from residents of the western interior area of British Columbia 

from April 2010 to December 2018 (Chapter 5). During 1.6 million person-years of surveillance, 

we identified 902 incident E. coli BSIs in 850 patients. The crude incidence and 30-day mortality 

rates were 56.8 E. coli BSI/100,000 person-years and 6.5 deaths/100,000 person-years, 

respectively. The 30-day case fatality risk was 11.4% (103/902). Patients with either healthcare-

acquired or hospital-onset E. coli BSIs had significantly higher odds of 30-day mortality 

compared to community-acquired, and hospital-onset had significantly higher odds of 30-day 

mortality compared to healthcare-acquired E. coli BSIs. Older patients, non-urogenital BSI foci, 

and Charlson comorbidity index (CCI) ≥3 had significantly higher odds of 30-day mortality 

compared to younger patients, urogenital foci, and CCI<3. Patients with extended-spectrum β-

lactamase (ESBL)-producing E. coli BSIs, hospital-onset E. coli BSIs, and CCI≥3 had 

significantly higher odds of long post-infection LOS compared to those with non-ESBL-

producing, community-onset and healthcare-acquired, and CCI<3.    

 Our research did have some limitations. In Chapter 2, we were only able to assess publication 

bias/small study effects using funnel plots for three meta-analyses, because the other seven meta-

analyses did not include more than ten studies. Evaluation of the three funnel plots did reveal 

some evidence of publication bias/small study effects, however, in general, studies with small 

sample sizes were lacking. Due to the multinational approach for Chapters 3 and 4, we did have 
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some noteworthy data limitations. We were only able to report community-onset and not further 

characterize it into healthcare-acquired and community-acquired. We did not have access to 

information regarding comorbidities, source of E. coli BSI, treatment, LOS prior to positive 

culture, or other burden of disease outcomes (e.g., LOS, hospital costs, or measures of 

morbidity). Information regarding culturing rate was not available, and there may have been 

some small methodological differences among study sites since each area determined their own 

protocols for laboratory methodology. We had more detailed case data for Chapter 5, but we did 

not have access to information regarding patient history (e.g., previous hospitalization, or travel), 

BSI treatment, or other burden of disease measures (e.g., measures of morbidity, or hospital 

costs). The global generalizability of all of our studies is limited because Chapter 2 did not 

include any studies from Africa or South America, and no studies were from low income 

countries. All of the data for the remaining chapters were from high income countries (11). In 

order to understand the global burden of E. coli infections, there is a need for more population-

based research in low, lower-middle, and upper-middle income countries (11).   

 A recent, multinational perspective on E. coli BSIs was provided in Chapters 3 and 4, which 

is an important novel contribution to the literature. Multivariable regression models allowed for 

the control of confounding variables when investigating risk factors for E. coli BSI incidence 

rate, third-generation cephalosporin-resistance, mortality rate, case fatality risk, and long LOS 

were analyzed, which has not been a consistent feature of previous population-based studies. 

Several risk factors were repeatedly identified as significant in the various regression models, 

and they could be explored as targets for future public health interventions. Specifically, older 

age alone or interacting with sex was significantly associated with increased incidence rate, 30-
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day mortality rate, and 30-day case fatality risk when compared to younger patients (Chapters 3, 

4, and 5). Third-generation cephalosporin-resistant and ESBL-producing E. coli BSIs had 

significantly increased odds of 30-day case fatality risk (Chapter 4), and long post-infection LOS 

(Chapter 5) compared to third-generation cephalosporin-susceptible and non-ESBL-producing E. 

coli BSIs, which are consistent with our findings in Chapter 2. In our systematic review, 

quinolone-resistant and multidrug-resistant E. coli infections had significantly increased odds of 

30-day and all-cause mortality compared to quinolone-susceptible and non-multidrug-resistant 

(Chapter 2). Finally, hospital-onset E. coli BSIs had increased odds of 30-day case fatality risk 

(Chapters 4 and 5), and long post-infection LOS (Chapter 5). Similar to previous publications, in 

Chapter 5, we found that healthcare-acquired and community-acquired E. coli BSIs had different 

odds of 30-day mortality. To support more robust analyses in the future, it would be ideal if 

IBCS case data could include whether a case was hospital-onset, healthcare-acquired, or 

community-acquired.  

 Our research provided a comprehensive analysis of burden of disease in E. coli BSIs. The 

absolute burden was substantial, which is supported by the high E. coli BSI incidence rates 

(Chapters 3 and 5). The magnitude of importance for E. coli BSIs is highlighted by our overall 

crude and standardized E. coli BSI rates (Chapter 3) being 139% and 197% higher, respectively, 

than the highest reported incidence rate from studies evaluating other bacterial causes of BSIs 

(Table 1.2, Chapter 1) (4). The patient burden through the lens of mortality was also considerable 

with high E. coli BSI mortality rates (Chapters 4 and 5). Our crude and standardized E. coli BSI 

mortality rates (Chapter 4) were 10% and 39% higher, respectively, then the highest reported 

mortality rate from studies evaluating other bacterial causes of BSIs (Table 1.2, Chapter 1) (3). 
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We explored healthcare system burden by evaluating post-infection LOS (Chapter 5). We 

assessed the burden attributable to antimicrobial-resistant E. coli infections from the absolute, 

patient, and healthcare system perspectives (Chapters 2, 3, 4, and 5). Our results provide 

concrete evidence of the importance of and impact that different types of antimicrobial-resistant 

E. coli infections have on patients and healthcare systems (Chapters 2, 3, 4, and 5). Our research 

provides robust input data to support the calculation of DALYs for E. coli infections and third-

generation cephalosporin-resistant E. coli infections in Canada. This is an important area for 

future research.    

 

6.2 Conclusions 

Escherichia coli is a common cause of disease in humans and we demonstrated the substantial 

and increasing burden of E. coli BSIs in Chapters 3 and a considerable burden due to mortality in 

Chapters 4 and 5. We noted a clinically important increase in the overall and 3GC-R 

standardized E. coli BSI rates (2014-2018) (Chapter 3). Despite E. coli BSIs having a moderate 

case fatality risk, they have a noteworthy high mortality rate (Chapter 4). We identified a number 

of risk factors that were associated with various measures of burden of disease including 

incidence rate, mortality rate, case fatality risk, and post-infection LOS. A common theme 

through all of the chapters was AMR in E. coli infections. Third-generation cephalosporin-

resistant, ESBL-producing, quinolone-resistant, and multidrug-resistant E. coli infections have 

important implications for patients and healthcare systems by increasing 30-day mortality, all-

cause mortality and post-infection LOS (Chapters 2, 4, and 5). Considering E. coli is the most 
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common cause of BSIs, this increasing incidence rate, considerable mortality burden and 

evolving AMR will have an important impact on human health and healthcare systems, 

especially in aging populations. 
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CHAPTER 7 

7 Appendices 

 

Appendix 7.1: A protocol for a systematic review and meta-analysis of the health and healthcare 

system burden due to human Escherichia coli infections resistant to third/fourth/fifth generation 

cephalosporins or quinolones, or with multidrug resistance 

 

 Timestamped and signed protocol available on the University of Guelph’s institutional 

repository, The Atrium. http://hdl.handle.net/10214/16263 

  

http://hdl.handle.net/10214/16263
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Appendix 7.2: Screening questions used for a systematic review evaluating whether the 

measures of health or healthcare system burden increase in humans with antimicrobial-resistant 

E. coli infections 

 

Primary Screening 

Primary screening was performed on titles and abstracts with possible answers of ‘yes,’ ‘no’ or 

‘unclear.’ 

1) Does the title and/or abstract indicate the study subjects are human?  

2) Does the title and/or abstract describe an analytic observational study?  

3) Does the title and/or abstract indicate the study participants have E. coli infections?  

4) Does the title and/or abstract indicate at least some of the study participants have an E. coli 

infection that is resistant to third/fourth/fifth generation cephalosporins, or quinolones, or is 

multidrug resistant?  

5) Is the study published in English? 

 

Secondary Screening 

Secondary screening was performed on full text articles with possible answers of ‘yes’ or ‘no.’  

1) Are the study subjects human?  

2) Is the study an analytic observational study?  

3) Do the study participants have a confirmed infection with E. coli?  

4) Do at least some of the study participants have an E. coli infection that is resistant to 

third/fourth/fifth generation cephalosporins, or quinolones, or is multidrug resistant?  

5) Is there a comparator group that is susceptible to third/fourth/fifth generation cephalosporins, 

or quinolones, or is not multidrug resistant? 

6) Does the study assess at least one outcome of interest? 

7) Does the study have outcome data specific to E. coli infections? 
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Appendix 7.3: Reference list for studies that met inclusion criteria and were included in the 

systematic review evaluating whether the measures of health or healthcare system burden 

increase in humans with antimicrobial-resistant E. coli infections 
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Appendix 7.4: Characteristics of the studies and participants included in the systematic review evaluating whether the measures of 

health or healthcare system burden increase in humans with antimicrobial-resistant E. coli infections 

Study Characteristics Demographics (Age and Sex) BoD / Overall 

Citation 

(Reference # in 

manuscript) Type of Resistance 

Author reported 

study design 

Study design in 

the context of 

systematic 

review 

outcomes  

Prospective or 

retrospective Country 

World 

Bank 

income 

status  

Data 

Collection 
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Number of 

Sites Details of Site(s) 

General 

age(s) 

included in 

study 

Overall 

% female 

% 

female 

in R 

group 

% 

female 

in S 

group BoD Outcome 

Abernethy, J. K., 

et al. 2015. (49) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Surveillance Cohort Retrospective England High 

07/2011 - 

06/2012 ≥3 

National mandatory 

surveillance in 

England 

No age 

restriction in 

sampling 53.2 nr nr 

1) 30-day 

mortality; 2) All-

cause mortality        

Abernethy, J. K., 

et al. 2015. (49) Quinolones Surveillance Cohort Retrospective England High 

07/2011 - 

06/2012 ≥3 

National mandatory 

surveillance in 

England 

No age 

restriction in 

sampling 53.2 nr nr 

1) 30-day 

mortality; 2) All-

cause mortality        

Al-Otaibi, F. E., et 

al. 2013. (86) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs 

Clinical and 

laboratory study Cohort Retrospective 

Saudi 

Arabia High 

06/2009 - 

06/2011 1 

Tertiary care 

hospital, King 

Khalid University 

Hospital, Riyadh, 

KSA 

No age 

restriction in 

sampling 71.7 56 nr 

1) All-cause 

mortality           

Alvarez-Uria, G., 

et al.2012. (36) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Observational Cohort 

Unable to 

determine  India 

Lower-

middle  

03/2011 - 

03/2012 1 

Bathalapalli Rural 

Development Trust 

Hospital, non-profit 

private district 

hospital in Andhra 

Pradesh, India  

No age 

restriction in 

sampling 37.1 nr nr 

1) All-cause 

mortality  
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Anunnatsiri, S., et 

al. 2012. (41) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Retrospective Thailand 

Upper-

middle 

01/2005 - 

12/2006 1 

Tertiary care 

hospital, Srinagarind 

Hospital, Thailand ≥15  nr 46.9 57.5 

1) All-cause 

mortality, 2) 

Treatment failure, 

3) Post-infection 

length of hospital 

stay 

Apisarnthanarak, 

A., et al.2008. 

(42) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Thailand 

Upper-

middle 

07/2003 - 

06/2004 1 

Tertiary care 

hospital, 

Thammasart 

University Hospital, 

in Praturmthani, 

Thailand ≥ 16 nr 71 74 

1) All-cause 

mortality, 2) 

Length of hospital 

stay, 3) Healthcare 

system costs 

Artero, A., et al. 

2017. (94) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Prospective Spain High 

01/2013 - 

12/2015 1 

Tertiary-care 

hospital, University 

Hospital Dr. Peset, 

Valencia, Spain ≥65 64 62.4 64.5 

1) All-cause 

mortality, 2) 

Length of hospital 

stay 

Bert, F., et 

al.2008. (102) Quinolones Not reported Cohort Retrospective France High 

01/1997 - 

12/2005 1 

Hospital AP-HP 

Beaujon, Clichy, 

France 

No age 

restriction in 

sampling 21.1 nr nr 

1) All-cause 

mortality  

Bollestad, M., et 

al. 2018. (106) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Prospective Norway High 

04/2013 - 

08/2016 ≥3 

8 microbiology 

laboratories  

(patients included 

from 76 different 

geographically 

diverse 

municipalities in 

Norway) ≥16 100 100 100 

1) Treatment 

failure 

Camins, B. C., et 

al. 2011. (77) Quinolones Case-control Cohort Retrospective USA High 

01/2000 - 

12/2005 1 

Barnes-Jewish 

Hospital, St. Louis, 

Missouri 

No age 

restriction in 

sampling nr 66 53 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Treatment failure, 

4) Length of 

hospital stay 
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Can, F., et al. 

2015. (40) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Prospective Turkey 

Upper-

middle 

01/2011 - 

12/2011 1 

Outpatient clinic, 

Baskent University 

Hospital, Ankara, 

Turkey 

No age 

restriction in 

sampling nr nr nr 

1) Treatment 

failure 

Can, F., et al. 

2015. (40) Quinolones Cohort Cohort Prospective Turkey 

Upper-

middle 

01/2011 - 

12/2011 1 

Outpatient clinic, 

Baskent University 

Hospital, Ankara, 

Turkey 

No age 

restriction in 

sampling nr nr nr 

1) Treatment 

failure 

Can, F., et al. 

2015. (40) 

Multidrug 

resistance Cohort Cohort Prospective Turkey 

Upper-

middle 

01/2011 - 

12/2011 1 

Outpatient clinic, 

Baskent University 

Hospital, Ankara, 

Turkey 

No age 

restriction in 

sampling nr nr nr 

1) Treatment 

failure 

Cereto, F., et 

al.2008. (103) Quinolones Not reported Cohort Prospective Spain High 

01/2004 - 

12/2005 ≥3 

Three tertiary 

hospitals from the 

Barcelona area 

No age 

restriction in 

sampling nr 34 28 

1) All-cause 

mortality, 2) 

Treatment failure 

Cereto, F., et 

al.2008. (103) Quinolones Not reported Cohort Retrospective Spain High 

01/1996 - 

06/2002 1 

Hospital Universitari 

Vall d'Hebron, 

Barcelona, Spain 

No age 

restriction in 

sampling nr 50 29 

1) All-cause 

mortality 

Chakraborty, A., 

et al.2012. (37) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Retrospective India 

Lower-

middle  

05/2010 - 

07/2011 1 

Tertiary care hospital 

at Mangalore 

No age 

restriction in 

sampling nr 37.9 51.5 

1) All-cause 

mortality, 2) 

Treatment failure 

Chauhan, S., 

2015. (39) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort 

Unable to 

determine  India 

Lower-

middle  

01/2012-

08/2012 1 

One hospital in 

Northern India, Shri 

Mahant Indresh 

Hospital and Shri 

Guru Ram rai 

Institute of Health 

and medical 

Sciences, Dehradun 

city - teaching 

hospital 

No age 

restriction in 

sampling  60 59 

1) Treatment 

failure, 2) Length 

of stay 



 

 

191 

 

Cheong, H. J., et 

al. 2001. (100) Quinolones Case-control Cohort Retrospective 

Republic of 

Korea High 

09/1993 - 

08/1998 1 

Korea University 

Guro Hospital 

No age 

restriction in 

sampling nr 30 58.8 

1) All-cause 

mortality 

Cheong, H. S., et 

al. 2007. (59) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective 

Republic of 

Korea High 

02/2002 - 

12/2005 1 

Samsung Medical 

Centre, Seoul, Korea ≥ 15 nr nr nr 

1) 30-day 

mortality, 2) All-

cause mortality 

Cheong, H. S., et 

al. 2007. (59) Quinolones Cohort Cohort Retrospective 

Republic of 

Korea High 

02/2002 - 

12/2005 1 

Samsung Medical 

Centre, Seoul, Korea ≥ 15 nr nr nr 

1) 30-day 

mortality, 2) All-

cause mortality 

Cheong, H. S., et 

al. 2007. (59) 

Multidrug 

resistance Cohort Cohort Retrospective 

Republic of 

Korea High 

02/2002 - 

12/2005 1 

Samsung Medical 

Centre, Seoul, Korea ≥ 15 nr nr nr 

1) 30-day 

mortality, 2) All-

cause mortality 

Cornejo-Juarez, 

P., et al.2012. (43) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Mexico 

Upper-

middle 

01/2004 - 

12/2009 1 

Instituto Nacional de 

Cancerologia, 

tertiary oncology 

teaching hospital in 

Mexico 

No age 

restriction in 

sampling 49 55 42 

1) All-cause 

mortality, 2) 

Bacterium-

attributable 

mortality 

Courpon-

Claudinon, A. et 

al. 2011. (84) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Prospective France High 

01/2005 - 

12/2005 ≥3 

15 hospitals across 

France, all except 

one were university 

hospitals ≥ 18 nr 41 58.1 

1) All-cause 

mortality 

de Kraker, M. E., 

et al. 2011. (48) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Prospective 

13 European 

Countries 

High; 

Upper-

middle 

07/2007 - 

06/2008 ≥3 

13 tertiary care 

centres in 13 

European countries: 

Austria, Belgium, 

Croatia, England, 

Germany, Greece, 

Ireland, Italy, Latvia, 

Malta, Romania 

(upper-middle), 

Scotland, Slovenia ≥ 18 nr 52 56 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Post-infection 

length of stay 



 

 

192 

 

Denis, B., et al. 

2015. (73) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective France High 

01/2005 - 

12/2008 1 

Saint Louis Hospital, 

tertiary hospital 

No age 

restriction in 

sampling nr 34 32 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Length of stay 

Eom, J. S., et al. 

2002. (76) Quinolones Case-control Cohort Retrospective 

Republic of 

Korea High 

01/2000 - 

12/2000 1 

Korea University 

Guro Hospital 

No age 

restriction in 

sampling nr 73.3 70 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Treatment failure 

Esteve-Palau, E., 

et al. 2015. (74) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective Spain High 

08/2010 - 

07/2013 1 

Hospital del Mar, 

Barcelona, Spain ≥ 18 43 43 43 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Treatment failure, 

4) Length of stay, 

5) Healthcare 

system costs 

Fan, N. C., et al. 

2014. (107) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Taiwan High 

01/2002 - 

12/2006 1 

Chang Gung 

Children's Hospital < 15 yr old nr nr nr 

1) Treatment 

failure, 2) Length 

of stay 

Feng, X. R., et al. 

2014. (46) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Prospective China 

Upper-

middle 

01/2006 - 

12/2011 1 

First Affiliated 

Hospital of Sun Yat-

sen University, 

Guangzhou, China 

No age 

restriction in 

sampling 39.7 nr nr 

1) Bacterium-

attributable 

mortality, 2) 

Treatment failure 

Freeman, J. T., et 

al. 2012. (69) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective 

New 

Zealand High 

05/2003 - 

03/2007 1 

Middlemore Hospital  

(University-affiliated 

tertiary  hospital) 

Auckland 

No age 

restriction in 

sampling nr nr nr 

1) 30-day 

mortality, 2) All-

cause mortality 
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Gagliotti, C., et al. 

2008. (110) Quinolones Cohort Cohort Prospective Italy High 

01/2006 - 

12/2006 ≥ 3 

Database of 

Antimicrobial 

Resistance 

Surveillance System 

of Emilia-Romagna 

(includes 

laboratories 

belonging to 13 of 17 

Local health trusts of 

the region) ≥ 18 100 100 100 

1) Treatment 

failure 

Garau, J., et al. 

1999. (99) Quinolones Not reported Cohort Retrospective Spain High 

01/1992 - 

12/1997 1 

The Hospital Mutua 

de Terrassa, 

Terrassa, Spain 

No age 

restriction in 

sampling nr 37.1 47.4 

1) All-cause 

mortality 

Gudiol, C., et al. 

2010. (66) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Observational Cohort Prospective Spain High 

01/2006 - 

10/2008 1 

University cancer 

centre for adults ≥ 18 41 71 37 

1) 30-day 

mortality, 2) All-

cause mortality 

Ha, Y. E., et al. 

2013. (71) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective 

Republic of 

Korea High 

01/2010 - 

05/2012 1 

Samsung Medical 

Center, Seoul, Korea ≥ 16 45.1 42.1 46.3 

1) 30-day 

mortality, 2) All-

cause mortality 

Haruki, Y., et al. 

2018. (75) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective Japan High 

01/2006 - 

12/2006 1 

Tsuyama Chou 

Hospital, Okayama, 

Japan 

No age 

restriction in 

sampling nr 54 54.5 

1) 30-day 

mortality, 2) All-

cause mortality 

Henshke-Bar-

Meir, R., et al. 

2006. (79) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective Isreal High 2000 - 2001 1 

University-affiliated 

general  hospital, 

Jerusalem 

No age 

restriction in 

sampling nr nr nr 

1) All-cause 

mortality  

Ho, P. L.,  et al. 

2002. (63) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Hong Kong High 

01/1996 - 

12/1998 1 

Tertiary care 

hospital, Queen 

Mary Hospital, Hong 

Kong 

No age 

restriction in 

sampling 60 60 60 

1) 30-day 

mortality, 2) All-

cause mortality 



 

 

194 

 

Hsieh, C. J.,S et 

al. 2010. (67) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Retrospective Taiwan High 

01/2005 - 

12/2006 1 

Chang Gung 

Memorial Hospital, 

Kaohsiung, Taiwan 

No age 

restriction in 

sampling 58.4 78.9 57.4 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Post-infection 

length of hospital 

stay 

Huang, Y. Y., et 

al. 2018. (96) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Canada High 

01/2011 - 

06/2013 1 

Surrey Memorial 

Hospital, Surrey, BC ≥ 19 59.1 43.1 66.9 

1) All-cause 

mortality, 2) 

Length of hospital 

stay 

Huotari, K., et al. 

2003. (53) Quinolones Case-control Cohort Retrospective Finland High 

01/1997 - 

12/1999 1 

Helsinki University 

Central Hospital, 

Helsinki, Finland ≥ 18 nr 58.8 69.6 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Length of hospital 

stay 

Jeon, J. H., et al. 

2012. (109) Quinolones Observational Cohort Prospective 

Republic of 

Korea High 

03/2005 - 

12/2008 1 

Seoul National 

University Bundang 

Hospital, Seoul, 

Korea ≥ 15 100 100 100 

1) Treatment 

failure, 2) Length 

of stay 

Kang, C. I., et al. 

2010. (50) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective 

Republic of 

Korea High 

10/2006 - 

09/2007 

and 

09/2008 - 

04/2009 ≥ 3 

18 hospitals in South 

Korea (nationwide 

surveillance) 

No age 

restriction in 

sampling nr 51.2 63.6 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Treatment failure 

Kang, C. I., et al. 

2011. (51) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Surveillance Cohort Retrospective 

Republic of 

Korea High 

10/2006 - 

09/2007 

and 

10/2008 - 

04/2009 ≥ 3 

18 hospitals in South 

Korea (nationwide 

surveillance) ≥ 16 nr nr nr 

1) 30-day 

mortality, 2) All-

cause mortality 



 

 

195 

 

Kang, C. I., et al. 

2012. (70) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective 

Republic of 

Korea High 

09/2010-

06/2011 2 

Samsung Medical 

Center (Tertiary), 

Seoul, Korea and 

Samsung Changwon 

Hospital 

(community), 

Changwon, Korea >15 years nr 64.8 79.6 

1) 30-day 

mortality, 2) All-

cause mortality      

Kaya, O., et al. 

2013. (45) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Retrospective Turkey 

Upper-

middle 

01/2007 - 

10/2011 1 

Sleyman Demirel 

University Research 

Hospital, Isparta, 

Turkey ≥ 18 48.7 45.5 50.7 

1) All-cause 

mortality 

Khan, F. Y., et al. 

2010. (81) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs 

observational, 

surveillance Cohort Prospective Qatar High 

07/2007 - 

06/2008 ≥ 3 

3 Hospitals that 

comprise the Hamad 

Medical Corporation 

in Qatar 

No age 

restriction in 

sampling nr nr nr 

1) All-cause 

mortality 

Kim, J., et al. 

2014. (78) Quinolones Case-control Cohort Retrospective 

Republic of 

Korea High 

06/2000 - 

08/2011 1 

Samsung Medical 

Center, Seoul, Korea ≥ 18 nr 26.1 28.6 

1) 30-day 

mortality, 2) All-

cause mortality 

Kim, S. H., et al. 

2013. (72) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Retrospective 

Republic of 

Korea High 

01/2007 - 

12/2008 1 

Hematology ward of 

a tertiary hospital in 

Seoul, South Korea 

No age 

restriction in 

sampling nr nr nr 

1) 30-day 

mortality, 2) All-

cause mortality 

Komatsu, Y., et 

al. 2018. (97) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Japan High 

01/2008 - 

05/2013 1 

Nara Medical 

University, Tertiary 

Care Hospital, Nara, 

Japan ≥ 18 nr 36.7 56.5 

1) All-cause 

mortality 
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Lambert, M. L., et 

al. 2011. (52) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Prospective 

10 European 

Countries High 

01/2005 - 

12/2008 ≥ 3 

10 European 

countries - Austria, 

Belgium, Croatia, 

France, Italy, Latvia, 

Portugal, Slovakia, 

Scotland and Spain 

537 ICUs 

No age 

restriction in 

sampling nr nr nr 

1) All-cause 

mortality, 2) Post-

infection length of 

stay 

Laupland, K. B., 

et al. 2008. (104) Quinolones Cohort Cohort Prospective Canada High 

01/2000 - 

12/2006 ≥ 3 

Calgary Health 

Region, population-

based study 

No age 

restriction in 

sampling nr nr nr 

1) All-cause 

mortality 

Lee, H.,et al. 

2018.  (98) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective 

Republic of 

Korea High 

06/2015 - 

12/2006 1 Tertiary hospital ≥ 18 nr 75 nr 

1) All-cause 

mortality, 2) 

Length of stay 

Lee, S., et al. 

2014. (88) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective 

Republic of 

Korea High 

01/2009 - 

12/2011 1 

secondary care 

hospital, Daegu, 

South Korea 

No age 

restriction in 

sampling nr 85 90 

1) All-cause 

mortality, 2) 

Treatment failure, 

3) Length of stay                

Leistner, R., et al. 

2014. (111) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Germany High 

01/2008 - 

12/2010 1 

Charite University 

Hospital, Berlin, 

Germany 

No age 

restriction in 

sampling nr 38 38 

1) Post-infection 

length of stay, 2) 

Healthcare system 

costs 

Leistner, R., et al. 

2014. (89) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective Germany High 

01/2008 - 

12/2010 1 

Charite University 

Hospital, Berlin, 

Germany 

No age 

restriction in 

sampling nr 36 47 

1) All-cause 

mortality, 2) 

Length of stay 

Leistner, R., et al. 

2014. (90) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective Germany High 

01/2008 - 

12/2011 1 

Charite University 

Hospital, Berlin, 

Germany 

No age 

restriction in 

sampling 47.2 nr nr 

1) All-cause 

mortality 



 

 

197 

 

Lim, C., et al. 

2016. (44) 

Multidrug 

resistance Not reported Cohort Retrospective Thailand 

Upper-

middle 

01/2004 - 

12/2010 ≥3 

9 provincial hospitals 

in Northeast 

Thailand 

No age 

restriction in 

sampling nr nr nr 

1) 30-day 

mortality, 2) All-

cause mortality  

Ma, J., et al. 2017. 

(47) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective China 

Upper-

middle 

04/2012 - 

07/2015 1 

Hematological center 

at The First 

Affiliated Hospital of 

Zhengzhou 

University ≥ 14 nr 50 58.1 

1) 30-day 

mortality, 2) All-

cause mortality  

Martelius, T., et 

al. 2016. (55) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Surveillance Cohort Prospective Finland High 

01/1999 - 

12/2013 ≥ 3 

Started with 4 

hospitals in 1999 and 

by 2013 there were 

17 hospitals 

representing 12 

health districts 

No age 

restriction in 

sampling nr 36.8 42.4 

1) 30-day 

mortality, 2) All-

cause mortality  

Maslikowska, J. 

A., et al. 2016. 

(92) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Canada High 

06/18/2010 

- 

04/05/2013 1 

Sunnybrook Health 

Sciences Centre 

No age 

restriction in 

sampling nr nr rn 

1) All-cause 

mortality, 2) 

Bacterium-

attributable 

mortality, 3) 

Treatment failure,      

Melzer, M., et al. 

2007. (64) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Prospective UK High 

06/2003 - 

11/2005 1 

King George 

Hospital in Essex ≥ 16 61.9 39.1 65.3 

1) 30-day 

mortality, 2) All-

cause mortality, 3) 

Post-infection 

length of hospital 

stay 

Namikawa, H., et 

al. 2017. (95) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Retrospective Japan High 

01/2011 - 

06/2015 1 

Osaka City 

University Hospital 

No age 

restriction in 

sampling nr 61.3 53.1 

1) All-cause 

mortality 
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Nicolas-Chanoine, 

M. H., et al. 2012. 

(85) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs 

Case-case-

control Cohort Prospective France High 

11/2008-

06/2009 ≥ 3 

10 hospitals in the 

Assistance Publique-

Hopitaux de Paris 

system 

No age 

restriction in 

sampling nr 65 61 

1) All-cause 

mortality 

Nussbaum, A., et 

al. 2018. (87)  

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective USA High 

01/2007-

12/2009 1 

New York Hospital 

Queens 

No age 

restriction in 

sampling nr 44 42 

1) All-cause 

mortality, 2) 

Length of hospital 

stay 

Ortega, M., et al. 

2009. (57) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Surveillance Cohort Prospective Spain High 

01/1991 - 

12/2007 1 

Hospital Clinic in 

Barcelona 

No age 

restriction in 

sampling 54 56 54 

1) 30-day 

mortality, 2) All-

cause mortality 

Ortega, M., et al. 

2009. (57) Quinolones Surveillance Cohort Prospective Spain High 

01/1991 - 

12/2007 1 

Hospital Clinic in 

Barcelona 

No age 

restriction in 

sampling 54 49 55 

1) 30-day 

mortality, 2) All-

cause mortality 

Park, S. H., et al. 

2011. (68) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective 

Republic of 

Korea High 

01/2005 - 

12/2012 1 

Daejeon St. Mary's 

Hospital ≥ 18 nr 76 70 

1) 30-day 

mortality, 2) All-

cause mortality 

Park, S. H., et al. 

2015. (93) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective 

Republic of 

Korea High 

01/2007 - 

12/2013 1 

Daejeon St. Mary's 

Hospital > 15 nr 88 93.8 

1) All-cause 

mortality, 2) 

Treatment failure, 

3) Length of 

hospital stay 

Parveen, A., et al. 

2015. (38) 

Multidrug 

resistance Not reported Cohort Retrospective Pakistan 

Lower-

middle  

12/2012 - 

11/2013 1 

Shaukat Khanum 

Memorial Cancer 

Hospital and 

Research Centre, 

Lahore, Pakistan 

No age 

restriction in 

sampling 34.8 25.5 41.2 

1) 30-day 

mortality, 2) All-

cause mortality  
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Pena, C., et al. 

2008. (65) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective Spain High 

01/1996 - 

12/2003 1 

Hospital Universitari 

de Bellvitge, hospital 

for adult patients ≥ 18 nr 46 nr 

1) 30-day 

mortality, 2) All-

cause mortality 

Peralta, G., et al. 

2007. (56) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective Spain High 

01/1997 - 

06/2005 1 

Sierralllana Hospital 

in Torrelavega, 

Spain ≥ 14 48.9 nr nr 

1) All-cause 

mortality 

Peralta, G., et al. 

2007. (56) Quinolones Cohort Cohort Retrospective Spain High 

01/1997 - 

06/2005 1 

Sierrallana Hospital, 

Torrelavega, Spain ≥ 14 48.9 nr nr 

1) All-cause 

mortality  

Riu, M., et al. 

2016. (54) 

Multidrug 

resistance Not reported Cohort Retrospective Spain High 

01/2005 - 

12/2012 1 

Hospital del Mar, 

Barcelona 

No age 

restriction in 

sampling nr nr nr 

1) Healthcare 

system costs 

Rodriguez-Bano, 

J. et al. 2010. (82) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Prospective Spain High 

10/2004 - 

01/2006 ≥ 3 13 tertiary hospitals ≥ 14 nr 44 56 

1) All-cause 

mortality  

Shin, J., et al. 

2012. (105) Quinolones Cohort Cohort Retrospective 

Republic of 

Korea High 

01/2008-

12/2008 ≥ 3 

14 hospitals in South 

Korea 

No age 

restriction in 

sampling nr 100 98.8 

1) All-cause 

mortality, 2) 

Treatment failure, 

3) Length of 

hospital stay 

Soraas, A., et al. 

2014. (108) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Population-based Cohort Prospective Norway High 

02/2009-

05/2012 1 

Vestre Viken 

Hospital Trust, 

Department of 

Medical 

Microbiology ≥ 18 87 nr nr 

1) Treatment 

failure 

Thaden, J. T., et 

al. 2017. (62) 

Multidrug 

resistance Cohort Cohort Prospective USA High 

01/2009 - 

12/2015 1 

Duke University 

Medical Centre ≥ 18 nr nr nr 

1) Healthcare 

system costs 
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Trecarichi, E. M., 

et al. 2009. (58) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Prospective Italy High 

01/2000-

12/2007 1 

The Catholic 

University Hospital, 

Rome, Italy ≥ 17 43.6 50 38.9 

1) 30-day 

mortality, 2) All-

cause mortality 

Trecarichi, E. M., 

et al. 2009. (58) Quinolones Cohort Cohort Retrospective Italy High 

01/2000-

12/2007 1 

Catholic University 

Hospital, Rome, Italy ≥ 17 43.6 46.2 39.2 

1) 30-day 

mortality, 2) All-

cause mortality 

Tumbarello, M.,  

et al. 2010. (83) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Cohort Cohort Retrospective Italy High 

01/2006-

12/2006 1 

The Catholic 

University Hospital, 

Rome, Italy ≥ 18 51.5 51.4 51.6 

1) All-cause 

mortality, 2) 

Treatment failure, 

3) Post-infection 

length of hospital 

stay, 4) Healthcare 

system costs 

Uzodi, A. S., et al. 

2017. (61) 

Multidrug 

resistance Cohort Cohort Retrospective USA High 

01/2012-

12/2012 1 

Mayo Clinic 

Children's Hospital, 

Rochester, MN ≤ 18 nr nr nr 

1) All-cause 

mortality, 2) 

Treatment failure, 

3) Length of 

hospital stay 

Van Aken, S., et 

al. 2014. (91) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Case-control Cohort Retrospective Sweden High 

01/2011-

09/2012 ≥ 3 

All hospitals in 

Skane county, did 

not provide the 

specific number 

No age 

restriction in 

sampling 49 42.9 52.1 

1) All-cause 

mortality, 2) 

Length of hospital 

stay 

Yip, T., et al. 

2006. (80) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Not reported Cohort Retrospective Hong Kong High 

10/1994 - 

08/2003 1 

Tung Wah Hospital, 

Hong Kong 

No age 

restriction in 

sampling nr 72.7 64.9 

1) All-cause 

mortality, 2) 

Treatment failure  

Yoon, E. J., et al. 

2018. (60) 

Third/fourth/fifth 

generation 

cephalosporins or 

ESBLs Observational Cohort Prospective 

Republic of 

Korea High 

05/2016 - 

04/2017 ≥ 3 

Six general hospitals 

in South Korea 

No age 

restriction in 

sampling 60.3 nr nr 

1) 30-day 

mortality, 2) All-

cause mortality  
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Yoon, E. J., et al. 

2018. (60) Quinolones Observational Cohort Prospective 

Republic of 

Korea High 

05/2016 - 

04/2017 ≥ 3 

Six general hospitals 

in South Korea 

No age 

restriction in 

sampling 60.3 nr nr 

1) 30-day 

mortality, 2) All-

cause mortality  

Yoon, E. J., et al. 

2018. (60) 

Multidrug 

resistance Observational Cohort Prospective 

Republic of 

Korea High 

05/2016 - 

04/2017 ≥ 3 

Six general hospitals 

in South Korea 

No age 

restriction in 

sampling 60.3 nr nr 

1) 30-day 

mortality, 2) All-

cause mortality  

BoD – burden of disease; R – resistant; S – susceptible; ESBL – extended-spectrum beta-lactamases; nr – not reported 
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Appendix 7.5: Characteristics of E. coli infections in studies included in the systematic review evaluating whether the measures of 

health or healthcare system burden increase in humans with antimicrobial-resistant E. coli infections  

Resistant (R) and Susceptible (S) Group Details Type and Source of Infection 
BoD / 

Overall 

Citation 

(Reference # in 

manuscript) 

Type of 

Resistance 

Underlying common 

disease processes or 

common 

characteristics  

Definition of cases with 

R 

Number 

of cases 

with R 

 

Definition of 

cases with S 

Number 

of cases 

with S 

Selection of R 

and S groups 

Types of 

infections in 

study 

 

 

Source/ 

timing of 

infections 

Duration of 

follow-up 

 

BoD 

Outcome 

Abernethy, J. K., 

et al. 2015. (49) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

3GCR EC BSI - 3CGR 

defined by resistance to 

cefotaxime and/or 

ceftazidime 1838 3GCS EC BSI 16641 

No selection 

all EC BSI 

during study 

period, but 

some were not 

tested or had 

missing data 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30-days 

1) 30-day 

mortality; 

2) All-

cause 

mortality        

Abernethy, J. K., 

et al. 2015. (49) Quinolones n/a 

CIP-R EC BSI - 

Ciprofloxacin 

resistance 3647 CIP-S EC BSI 16828 

No selection 

all EC BSI 

during study 

period, but 

some were not 

tested or had 

missing data 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30-days 

1) 30-day 

mortality; 

2) All-

cause 

mortality        

Al-Otaibi, F. E., 

et al. 2013. (86) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC UTI 113 

non-ESBL EC 

UTI 226 

No mention of 

selection 

Urinary tract 

infection Not reported nr 

1) All-

cause 

mortality           

Alvarez-Uria, 

G., et al.2012. 

(36) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

n/a - all community-

acquired the 

definition is 

consistent with 

community-

associated 

3GCR EC CA infection 

- 3GCR was based on 

resistance to 

cefotaxime 154 

3GCS EC CA 

infection 40 

No selection 

all EC CA 

infections 

during study 

period were 

included 

Blood stream 

infection; 

Urinary tract 

infection; 

normally 

sterile site 

infection; 

wound 

infection; 

pneumonia 

Community-

associated 21 days 

1) All-

cause 

mortality  
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Anunnatsiri, S., 

et al. 2012. (41) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC BSI 32 

non-ESBL EC 

BSI 113 

No selection, 

all EC BSI 

during study 

period that 

were not 

polymicrobial, 

transferred to 

another 

hospital and 

had to be the 

first BSI for 

each patient. 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

nosocomial in-hospital 

1) All-

cause 

mortality, 

2) 

Treatment 

failure, 3) 

Post-

infection 

length of 

hospital 

stay 

Apisarnthanarak, 

A., et al. 2008. 

(42) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All patients were 

community-onset 

(definition consistent 

with community-

associated/acquired) ESBL EC CO infection 46 

non-ESBL EC 

CO infection 138 

No selection 

of ESBL EC, 

all that 

occurred 

during study 

period were 

included. The 

non-ESBL EC 

controls were 

matched 3:1 

to ESBLs. 

Matched 

based on site 

of infection, 

hospital unit 

and day of 

admission (+/- 

7 days). 

Blood stream 

infection; 

Urinary tract 

infection; 

skin/soft tissue 

infection; 

pneumonia 

Community-

associated in-hospital 

1) All-

cause 

mortality, 

2) Length 

of hospital 

stay, 3) 

Healthcare 

system 

costs 

Artero, A., et al. 

2017. (94) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All community-onset 

pyelonephritis or 

urosepsis in elderly 

ESBL EC 

pyelonephritis or 

urosepsis 85 

non-ESBL EC 

pyelonephritis or 

urosepsis 225 

No selection 

all 

community-

onset EC 

pyelonephritis 

or urosepsis in 

elderly during 

study period 

pyelonephritis 

or urosepsis 

Community-

associated; 

Healthcare-

associated In-hospital 

1) All-

cause 

mortality, 

2) Length 

of hospital 

stay 

Bert, F., et 

al.2008. (102) Quinolones 

All patients had 

cirrhosis 

Ciprofloxacin-resistant 

EC SPB 11 

Ciprofloxacin-

resistant EC SPB 60 

No selection, 

all EC SBP 

cases during 

the study 

period 

Spontaneous 

bacterial 

peritonitis 

Community-

associated; 

Healthcare-

associated; 

nosocomial in-hospital 

1) All-

cause 

mortality  
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Bollestad, M., et 

al. 2018. (106) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

all treated with oral 

pivmecillinam, 

women with 

community-acquired 

UTI 

monoculture of ESBL-

EC in urine 88 

monoculture of 

non-ESBL-EC in 

urine 74 

Cases and 

controls 

identified at 

the micro 

labs, then 

registered by 

primary 

physicians. 

Initially 

controls 

matched to 

cases on age 

(+5 yr) but 

then that was 

stopped after 

27 matched 

pairs. 

Urinary tract 

infection 

Community-

associated 

up to 2 weeks 

after end of 

treatment 

1) 

Treatment 

failure 

Camins, B. C., et 

al. 2011. (77) Quinolones n/a 

Fluoroquinolone-

resistant EC bacteremia 93 

Fluoroquinolone-

susceptible EC 

bacteremia 93 

All FQ-R EC 

BSI during the 

study period 

were included. 

The FQ-S E 

BSI controls 

were matched 

1:1 to FQ-R. 

They were 

randomly 

matched by 

year of 

infection. 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 

in-hospital up 

to 30 days 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) 

Treatment 

failure, 4) 

Length of 

hospital 

stay 

Can, F., et al. 

2015. (40) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC UTI 70 

non-ESBL EC 

UTI 224 

No selection, 

all EC UTI 

during study 

period 

Urinary tract 

infection Not reported 10 days 

1) 

Treatment 

failure 

Can, F., et al. 

2015. (40) Quinolones n/a 

Quinolone-resistant EC 

UTI 114 

Quinolone-

susceptible EC 

UTI 180 

No selection, 

all EC UTI 

during study 

period 

Urinary tract 

infection Not reported 10 days 

1) 

Treatment 

failure 

Can, F., et al. 

2015. (40) 

Multidrug 

resistance n/a 

MDR EC UTI - MRD 

defined as resistance to 

3 or more different 

groups of antibiotics (B 

lactams, 

aminoglycosides, 

quinolones, TMP-

SMX) 116 

non-MDR EC 

UTI 178 

No selection, 

all EC UTI 

during study 

period 

Urinary tract 

infection Not reported 10 days 

1) 

Treatment 

failure 
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Cereto, F., et 

al.2008. (103) Quinolones 

All patients had 

cirrhosis and were 

treated emiprically 

with cefotaxime or 

ceftriaxone 

quinolone-resistant EC 

SBP, defined by 

resistance to 

ciprofloxacin 18 

quinolone-

susceptible EC 

SBP 29 

no selection, 

all EC SBP 

cases during 

study period 

Spontaneous 

bacterial 

peritonitis Not reported 3 months 

1) All-

cause 

mortality, 

2) 

Treatment 

failure 

Cereto, F., et 

al.2008. (103) Quinolones 

All patients had 

cirrhosis of the liver 

quinolone-resistant EC 

SBP (spontaneous 

bacterial peritonitis) 12 

quinolone-

susceptible EC 

SBP 35 

No selection 

all cases of 

EC SBP 

Spontaneous 

bacterial 

peritonitis Not reported in-hospital 

1) All-

cause 

mortality 

Chakraborty, A., 

et al.2012. (37) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

ESBL extra-intestinal 

EC infection 132 

non-ESBL extra-

intestinal EC 

infection 68 

No selection 

all EC 

infections 

included as 

long as they 

met criteria 

excluded if 

received anti-

microbials 

within 1 

month, 

asymptomatic 

UTI, 

polymicrobial 

infections 

Blood stream 

infection; 

Urinary tract 

infection; 

Wound 

infection, 

pneumonia, IV 

device 

infection, 

meningitis 

Community-

associated; 

Healthcare-

associated; 

Nosocomial not reported 

1) All-

cause 

mortality, 

2) 

Treatment 

failure 

Chauhan, S., 

2015. (39) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

ESBL-producing E. 

coli invasive infections 85 

non-ESBL-

producing E. coli 

invasive 

infections 85 

All cases in 

time period, 

and the 

control closest 

in time that 

met eligibility 

criteria 

Invaisive 

infections in 

hospital 

patients no 

further details 

Nosocomial 

only type 

mentioned.  nr 

1) 

Treatment 

failure, 2) 

Length of 

stay 

Cheong, H. J., et 

al. 2001. (100) Quinolones 

All had to have >= 2 

positive blood 

samples 

quinolone resistant EC 

bacteremia 40 

quinolone 

susceptible EC 

bacteremia 80 

All QR EC 

during study 

period and 

controls 

matched 2:1 

to cases. 

Matched 

based on date 

of positive 

culture result 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality 

Cheong, H. S., et 

al. 2007. (59) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs All community-onset 

ceftriaxone-resistant 

EC bacteremia 19 

ceftriaxone-

susceptible EC 

bacteremia 489 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality 
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Cheong, H. S., et 

al. 2007. (59) Quinolones All community-onset 

ciprofloxacin-resistant 

EC bacteremia 132 

ciprofloxacin-

susceptible EC 

bacteremia 376 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Cheong, H. S., et 

al. 2007. (59) 

Multidrug 

resistance All community-onset 

MDR EC bacteremia 

MDR defined as not 

susceptible to three or 

more of the following 

antimicrobial agents: 

ampicillin, amikacin or 

gentamicin or 

tobramycin, aztreonam, 

cefotaxime or 

ceftriaxone or 

ceftazidime or 

cefepime, 

ciprofloxacin, 

imipenem, piperacillin/ 

tazobactam and 

trimethoprim/ 

sulfamethoxazole 137 

non-MDR EC 

bacteremia 371 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Cornejo-Juarez, 

P., et al.2012. 

(43) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

all patients have a 

hematologic 

malignancy ESBL EC BSI 100 

non-ESBL EC 

BSI 100 

All ESBL EC 

BSI included 

and matched 

to 1 non-

ESBL EC 

BSI. Controls 

matched to be 

+/- 30 day 

prior to the 

date of isolate 

for the ESBL 

EC BSI case. 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 60-days 

1) All-

cause 

mortality, 

2) 

Bacterium-

attributable 

mortality 

Courpon-

Claudinon, A. et 

al. 2011. (84) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 3GC-R EC bacteremia 39 

3GC-S EC 

bacteremia 1012 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality 
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de Kraker, M. 

E., et al. 2011. 

(48) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 3GC-R EC BSI (REC) 111 

3GC-S EC BSI 

(SEC) 1110 

all REC and 

SEC that 

could be 

matched to 

controls with 

no EC BSI 

Note: paper 

describes how 

both cohorts 

are matched 

with controls - 

these controls 

do not have 

E.coli BSI. 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) Post-

infection 

length of 

stay 

Denis, B., et al. 

2015. (73) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

n/a - the hospital has 

major clinical areas in 

HIV, hematology and 

oncology ESBL EC bacteremia 41 

non-ESBL EC 

bacteremia 41 

All ESBL EC 

bacteremia 

cases during 

study period. 

Controls (non-

ESBL EC 

bacteremia) 

were matched 

1:1 to cases, 

matched to the 

closest date of 

a case. 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) Length 

of stay 

Eom, J. S., et al. 

2002. (76) Quinolones n/a 

quinolone-resistant EC 

UTI (used 

ciprofloxacin to 

determine) 60 

quinolone-

susceptible EC 

UTI (used 

ciprofloxacin to 

determine) 80 

Controls were 

selected for 

each case 

according to 

the nearest 

date of a 

positive urine 

culture 

Urinary tract 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) 

Treatment 

failure 

Esteve-Palau, E., 

et al. 2015. (74) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

symptomatic UTI 

caused by ESBL-EC 60 

symptomatic UTI 

caused by non-

ESBL-EC 60 

All ESBL EC 

UTI during 

study period 

and controls 

matched 1:1 

to cases. 

Matched on 

sex, age, and 

date of 

admission. 

Urinary tract 

infection 

Community-

associated; 

Healthcare-

associated 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) 

Treatment 

failure, 4) 

Length of 

stay, 5) 

Healthcare 

system 

costs 
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Fan, N. C., et al. 

2014. (107) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs all community-onset ESBL EC UTI 104 

non-ESBL EC 

UTI 208 

All cases 

during study 

period, match 

1:2 to controls 

by age and 

sex 

Urinary tract 

infection 

All 

community-

onset -

Community-

associated; 

Healthcare-

associated not reported 

1) 

Treatment 

failure, 2) 

Length of 

stay 

Feng, X. R., et 

al. 2014. (46) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All patients on stable 

continuous 

ambulatory peritoneal 

dialysis (CAPD) ESBL EC peritonitis 32 

non-ESBL EC 

peritonitis 58 

No selection 

all EC 

peritonitis in 

CAPD 

patients 

during the 

study period Peritonitis  Not reported 

After 

enrollment 

patients, were 

followed up 

until the 

cessation of  

PD (transfer to 

hemodialysis, 

transplantation 

or death) or the 

end of the 

study 

1) 

Bacterium-

attributable 

mortality, 

2) 

Treatment 

failure 

Freeman, J. T., 

et al. 2012. (69) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC bacteremia 16 

non- ESBL EC 

bacteremia 16 

All cases 

during the 

study period, 

controls were 

matched 1:1 

to cases. 

Matching 

criteria: 

species of 

organism, 

type of blood 

culture, timing 

of bacteremia, 

and 

temporally 

closest to the 

case 

Blood stream 

infection Not reported 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Gagliotti, C., et 

al. 2008. (110) Quinolones 

All female, 

community-acquired 

and at low risk of 

treatment failure / 

relapse 

ciprofloxacin resistant 

EC UTI - community 

acquired 900 

ciprofloxacin 

susceptible EC 

UTI  - community 

acquired 6820 

No selection 

all community 

acquired EC 

UTI 

Urinary tract 

infection 

Community-

associated; 

Healthcare 

associated 

(all 

community-

acquired) 30-days 

1) 

Treatment 

failure 

Garau, J., et al. 

1999. (99) Quinolones n/a 

quinolone resistant EC 

bacteremia 

(ciprofloxacin) 70 

quinolone 

susceptible EC 

bacteremia 

(ciprofloxacin) 502 

No selection, 

all EC 

bacteremia 

during the 

study period 

Blood stream 

infection 

Community-

associated; 

Healthcare 

associated; 

Nosocomial in hospital 

1) All-

cause 

mortality 
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Gudiol, C., et al. 

2010. (66) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs All cancer patients ESBL EC bacteremia 17 

non-ESBL EC 

bacteremia 118 

No selection 

all EC 

bacteremia 

during study 

period 

Blood stream 

infection 

Called it 

healthcare 

acquisition 

with no 

definition 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Ha, Y. E., et al. 

2013. (71) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs All have cancer ESBL EC bacteremia 95 

non-ESBL EC 

bacteremia 255 

No selection 

all EC 

bacteremia 

during study 

period 

Blood stream 

infection 

Community-

associated; 

Healthcare 

associated; 

Nosocomial 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Haruki, Y., et al. 

2018. (75) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

critically ill patients 

from ICU ESBL EC bacteremia 24 

non-ESBL EC 

bacteremia 77 

No selection, 

all EC 

bacteremia 

during study 

period 

Blood stream 

infection 

Community-

associated; 

healthcare-

associated; 

Nosocomial 28-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Henshke-Bar-

Meir, R., et al. 

2006. (79) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

ESBL 

enterobacteriaceae 

bacteremia 39 

non-ESBL 

enterobacteriaceae 

bacteremia 119 

No selection 

reported, no 

matching but 

aimed for 

ratio of 3 

controls for 

each case, so 

there was 

selection  

Blood stream 

infection Not reported in-hospital 

1) All-

cause 

mortality  

Ho, P. L.,  et al. 

2002. (63) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC BSI 50 

non-ESBL EC 

BSI 100 

74 episodes of 

ESBL EC BSI 

during study - 

24 excluded 

(4 - 

polymicrobial 

and 20 

incomplete 

medical 

records). Non-

ESBL 

matched 2:1. 

Matched on 

specialty, age 

(+/- 10 yr), 

sex and 

closest date of 

isolation to 

ESBL. 

Blood stream 

infection 

Community-

associated; 

Healthcare 

associated; 

Nosocomial 30 days 

1) 30-day 

mortality, 

2) All-

cause 

mortality 
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Hsieh, C. J.,S et 

al. 2010. (67) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

ESBL EC community-

onset bacteremia 19 

non-ESBL EC 

community-onset 

bacteremia 385 

No sampling, 

all  EC 

community-

onset 

bacteremia 

without 

missing data 

in the medical 

record during 

the study 

period 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated  30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) Post-

infection 

length of 

hospital 

stay 

Huang, Y. Y., et 

al. 2018. (96) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All patients had 

urosepsis (bacteremia 

confirmed from a 

urinary source and 

had two criteria for 

systemic 

inflammatory 

response syndrome) ESBL EC Urosepsis 58 

non-ESBL EC 

Urosepsis 118 

All ESBL EC 

urosepsis 

cases during 

study period 

and random 

selection of 

118  non-

ESBL EC 

urosepsis 

controls 

during study 

period 

Blood stream 

infection (All 

urosepsis) 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality, 

2) Length 

of hospital 

stay 

Huotari, K., et 

al. 2003. (53) Quinolones All nosocomial 

nosocomial quinolone 

resistant EC infection 51 

nosocomial 

quinolone 

susceptible EC 

infection 102 

All 

nosocomial 

QREC cases 

from that 

hospital 

during the 

study period 

which had two 

appropriate 

controls. Two 

controls for 

each case, 

matched 

based on 

having the 

same type of 

infection. 

Urinary tract 

infection, UTI 

with 

bacteremia, 

surgical site 

infection, skin 

and soft tissue, 

pneumonia Nosocomial  30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) Length 

of hospital 

stay 

Jeon, J. H., et al. 

2012. (109) Quinolones 

All from communities 

with a high 

prevalence of 

fluoroquinolone 

resistance  and were 

treated with empirical 

ciprofloxacin 

Ciprofloxacin-resistant 

EC acute 

uncomplicated 

pyelonephritis 39 

Ciprofloxacin-

susceptible EC 

acute 

uncomplicated 

pyelonephritis 216 

No selection, 

all EC acute 

uncomplicated 

pyelonephritis 

that consented 

and met 

criteria 

Acute 

uncomplicated 

pyelonephritis Not reported 

14 to 21-days 

after 

completion of 

treatment but 

not for all 

patients 

1) 

Treatment 

failure, 2) 

Length of 

stay 
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Kang, C. I., et 

al. 2010. (50) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

all community-onset 

bacteremia 

ESBL EC community-

onset bacteremia 82 

non-ESBL EC 

community-onset 

bacteremia 783 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) 

Treatment 

failure 

Kang, C. I., et 

al. 2011. (51) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

all bacteremic intra-

abdominal infections 

broad-spectrum 

cephalosporin-resistant 

EC bacteremic intra-

abdominal infections. 

Broad-spectrum 

cephalosporin-

resistance was defined 

as in vitro resistance to 

cefotaxime ceftriaxone 

or ceftazidime 29 

broad-spectrum 

cephalosporin-

susceptible EC 

bacteremic intra-

abdominal 

infections 175 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Kang, C. I., et 

al. 2012. (70) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

all community-onset 

and from culture 

drawn in ER or 

outpatient clinics ESBL EC 108 non-ESBL EC 108 

1:1, controls 

were 

randomly 

selected from 

a group of 

outpatients, 

the sample 

had to be 

cultured at the 

same lab 

during the 

week 

following and 

they were 

matched 

according to 

the culture 

specimen and 

acquisition 

unit  

All types of 

EC infections 

Community-

associated; 

Healthcare-

associated 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality      

Kaya, O., et al. 

2013. (45) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC BSI 44 

non-ESBL EC 

BSI 69 

No selection, 

all EC BSI 

during study 

period 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality 

Khan, F. Y., et 

al. 2010. (81) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC bacteremia 27 

non-ESBL EC 

bacteremia 70 

No selection, 

all  EC 

bacteremia 

during the 

study period 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality 
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Kim, J., et al. 

2014. (78) Quinolones 

All patients had 

cirrhosis 

Fluoroquinolone-

resistant EC 

spontaneous bacterial 

peritonitis 26 

Fluoroquinolone-

susceptible EC 

spontaneous 

bacterial 

peritonitis 56 

No selection, 

all EC SBP 

during study 

period 

Spontaneous 

bacterial 

peritonitis 

Community-

associated; 

Healthcare-

associated 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Kim, S. H., et al. 

2013. (72) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All patients had 

neutropenic fever and 

had received either 

chemotherapy or stem 

cell transplant ESBL EC bacteremia 15 

non-ESBL EC 

bacteremia 72 

No selection, 

all EC 

bacteremia in 

patients with 

neutropenic 

fever during 

the study 

period 

Blood stream 

infection Not reported 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Komatsu, Y., et 

al. 2018. (97) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC bacteremia 30 

non-ESBL EC 

bacteremia 85 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 14-days 

1) All-

cause 

mortality 

Lambert, M. L., 

et al. 2011. (52) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All nosocomial (from 

ICU) and all cases 

from ICU 3GC-R E. coli BSI 42 

3GC-S E. coli 

BSI 218 no selection 

Blood stream 

infection Nosocomial 

during ICU 

stay 

1) All-

cause 

mortality, 

2) Post-

infection 

length of 

stay 

Laupland, K. B., 

et al. 2008. 

(104) Quinolones n/a 

Ciprofloxacin-resistant 

EC BSI 257 

Ciprofloxacin-

susceptible EC 

BSI 1947 No selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality 

Lee, H.,et al. 

2018.  (98) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All emergency 

department 

admissions ESBL EC UTI 50 

non-ESBL EC 

UTI 100 

Randomly 

enrolled 50 

adult patients 

with ESBL 

EC UTI. Then 

2:1 matching 

controls to 

cases , 

matched by 

sex and age 

(+/- 5 years) 

Urinary tract 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality, 

2) Length 

of stay 
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Lee, S., et al. 

2014. (88) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All treated with 

empirical ceftriaxone 

and had a urine 

culture performed o 

the first day of 

hospitalization  (all 

community-onset) 

ESBL EC acute 

pyelonephritis 26 

non-ESBL EC 

acute 

pyelonephritis 52 

Controls 

matched to 

cases 2:1 

based on 

matching 

variables of 

bacteremia, 

age, sex, CCI, 

SAPS II and 

modified APN 

score. This 

was done 

using a 16 

point scale. If 

there were 

more than 2 

controls with 

the same score 

then two were 

selected 

randomly. 

acute 

pyelonephritis 

Community-

associated; 

Healthcare-

associated 2 weeks 

1) All-

cause 

mortality, 

2) 

Treatment 

failure, 3) 

Length of 

stay                

Leistner, R., et 

al. 2014. (111) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC BSI 92 

non-ESBL EC 

BSI 92 

Matching of 

cases to 

controls 1:1, 

matched on 

age +/- 5 yr, 

sex, CCI +/- 

2, discharge 

year and the 

LOS before 

BSI onset in 

the control 

had to be at 

least as long 

as the case 

80% of cases 

could be 

matched and 

9.4% of 

controls used 

Blood stream 

infection Not reported in-hospital 

1) Post-

infection 

length of 

stay, 2) 

Healthcare 

system 

costs 

Leistner, R., et 

al. 2014. (89) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC BSI 115 

non-ESBL EC 

BSI 983 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial In-hospital 

1) All-

cause 

mortality  

2) Length 

of stay 

Leistner, R., et 

al. 2014. (90) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC BSI 178 

non-ESBL EC 

BSI 1321 

No selection 

all EC BSI 

during study 

period 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality 
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Lim, C., et al. 

2016. (44) 

Multidrug 

resistance n/a 

MDR EC BSI (MDR 

based on Magiorakos 

2012, non-susceptible 

to at least three or more 

antimicrobial categories 1717 

non-MDR EC 

BSI 2562 no selection 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality  

Ma, J., et al. 

2017. (47) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All had hematologic 

disease, all 

nosocomial 

ESBL E. coli 

bacteremia  70 

non-ESBL E. coli 

bacteremia 43 

No selection, 

all nosocomial 

E. coli 

bacteremias 

during study 

period  

Had to be 

hematologic 

patients at 

least 14 years 

old 

Blood stream 

infection Nosocomial 30 days 

1) 30-day 

mortality, 

2) All-

cause 

mortality  

Martelius, T., et 

al. 2016. (55) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

EC BSI isolates that 

were resistant or 

intermediate to third-

generation 

cephalosporins 182 

EC BSI isolates 

that were 

susceptible to 

third-generation 

cephalosporins 2035 

No selection, 

all the EC BSI 

during the 

study period 

Blood stream 

infection Nosocomial 28 day 

1) 30-day 

mortality, 

2) All-

cause 

mortality  

Maslikowska, J. 

A.,  et al. 2016. 

(92) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL-EC infection 61 

non-ESBL-EC 

infection 49 

Cases 

consecutively 

enrolled in 

reverse 

chronological 

order of 

hospital 

admission 

date. Controls 

matched to 

cases 1:1, on 

the basis of 

sex, age +/- 5 

yr, type of 

infection, and 

bed allocation 

Blood stream 

infection; 

Urinary tract 

infection; 

intra-

abdominal; 

pneumonia; 

joint  Not reported 

14 days 

following 

discontinuation 

of antibiotics 

1) All-

cause 

mortality, 

2) 

Bacterium-

attributable 

mortality, 

3) 

Treatment 

failure,      

Melzer, M.,  et 

al. 2007. (64) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC bacteremia 46 

non-ESBL EC 

bacteremia 308 

No selection 

all EC 

bacteremia 

during study 

period 

Blood stream 

infection 

Community-

associated; 

Nosocomial 

No 

definitions 

of CA and 

Nos, not 

sure if HCa 

are included 

in CA 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality, 

3) Post-

infection 

length of 

hospital 

stay 
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Namikawa, H., 

et al. 2017. (95) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC bacteremia 31 

non-ESBL EC 

bacteremia 98 

No selection 

all EC 

bacteremia 

during the 

study period 

Blood stream 

infection 

Nosocomial, 

What the 

non-

nosocomial 

represents is 

not reported not reported 

1) All-

cause 

mortality 

Nicolas-

Chanoine, M. 

H., et al. 2012. 

(85) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs   

CTX-M producing 

ESBL EC 152 non-ESBL EC  152 

The first 

inpatient with 

a clinical 

sample 

positive for a 

non-ESBL EC 

the same day 

or within 3 

days of the 

case 

All types of 

EC infections 

Community-

associated; 

Healthcare-

associated; 

Nosocomial in-hospital 

1) All-

cause 

mortality 

Nussbaum, A., 

et al. 2018. (87)  

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL E. coli BSI 34 

non-ESBL E. coli 

BSI 66 

Cases that met 

eligibility 

criteria during 

the study 

period and 

controls 

matched by 

age and 

gender 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated in hospital 

1) All-

cause 

mortality, 

2) Length 

of hosptial 

stay 

Ortega, M., et al. 

2009. (57) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC bacteremia 211 

non-ESBL EC 

bacteremia 4547 

No selection, 

all EC 

bacteremia 

during study 

period 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 

From 

diagnosis of 

bacteremia 

until 30-days 

afterwards, 

until death or 

until discharge 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Ortega, M., et al. 

2009. (57) Quinolones n/a 

Fluoroquinolone 

resistant EC bacteremia 1300 

Fluoroquinolone 

susceptible EC 

bacteremia 3458 

No selection, 

all EC 

bacteremias 

during study 

period 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 

Diagnosis of 

bacteremia 

until 30 days 

afterward, 

death or 

discharge from 

hospital 

1) 30-day 

mortality, 

2) All-

cause 

mortality 
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Park, S. H., et al. 

2011. (68) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All community-onset 

(CA and HCa) ESBL EC bacteremia 50 

non-ESBL EC 

bacteremia  100 

All cases 

during study 

period and 

controls were 

selected by 

computer 

generated 

random 

number 

sampling 

using the 

culture 

register 

numbers in 

the 

microbiology 

laboratory of 

the hospital. 

The controls 

were selected 

during the 

same or 

following 

month as the 

corresponding 

case. Two 

controls per 

case. 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated 30 days 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Park, S. H., et al. 

2015. (93) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All community-

associated 

ESBL EC acute 

pyelonephritis  75 

non-ESBL EC 

acute 

pyelonephritis  225 

All cases 

during the 

study period, 

for each case, 

three controls 

were 

randomly 

selected from 

each risk set 

composed of 

all eligible 

control 

patients 

treated within 

a month of the 

time each case 

was identified 

acute 

pyelonephritis 

Community-

associated 

4 weeks after 

the completion 

of antibiotic 

therapy 

1) All-

cause 

mortality, 

2) 

Treatment 

failure, 3) 

Length of 

hospital 

stay 
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Parveen, A., et 

al. 2015. (38) 

Multidrug 

resistance All cancer patients 

MDR EC bacteremia, 

MDR defined as 

resistant to three or 

more classes of 

antimicrobial agents, 

including 

fluoroquinolones, third-

generation 

cephalosorins, 

antipseudomonal 

penicillins + beta-

lactamase inhibitors 

and carbapenems 98 

non-MDR EC 

bacteremia 129 

No selection, 

all EC 

bactermias 

during study 

period 

Blood stream 

infection Not reported 30-day 

1) 30-day 

mortality, 

2) All-

cause 

mortality  

Pena, C., et al. 

2008. (65) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a ESBL EC infection 100 

non-ESBL EC 

infection 100 

All 

consecutive 

cases during 

the study 

period, and 

controls were 

matched 1:1 

according to 

the same site 

of infection 

and closest 

date of 

admission 

All types of 

EC infections Not reported 30-days 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Peralta, G., et al. 

2007. (56) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

EC bacteremia resistant 

to cefotaxime 31 

EC bacteremia 

susceptible to 

cefotaxime 632 

No selection 

all EC 

bacteremia 

during study 

period 

Blood stream 

infection 

Nosocomial 

only type 

mentioned, 

no details on 

the other 

90.6% in-hospital 

1) All-

cause 

mortality 

Peralta, G., et al. 

2007. (56) Quinolones n/a 

EC bacteremia resistant 

to ciprofloxacin 125 

EC bacteremia 

susceptible to 

ciprofloxacin 538 

No selection, 

all EC 

bacteremias 

during study 

period 

enrolled 

Blood stream 

infection 

Nosocomial 

only type 

mentioned, 

no details on 

the other 

90.6% in hospital 

1) All-

cause 

mortality  

Riu, M., et al. 

2016. (54) 

Multidrug 

resistance All nosocomial 

MDR EC bacteremia, 

MDR based on 

Magiorakos criteria 

(three or more 

antimicrobial 

categories) 39 

non-MDR EC 

bacteremia 145 

All 

nosocomial 

EC 

bacteremias 

during study 

period 

Blood stream 

infection Nosocomial in hospital 

1) 

Healthcare 

system 

costs 
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Rodriguez-Bano, 

J. et al. 2010. 

(82) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs All community-onset ESBL EC bacteremia  95 

non-ESBL EC 

bacteremia  188 

All cases 

during  the 

study period, 

2 controls per 

case were 

chosen from 

non-ESBL EC 

bacteremias 

diagnosed 

during the 

month 

following the 

corresponding 

case and had 

to be from the 

same hospital 

(randomly 

selected using 

a 

computerized 

method) 

Blood stream 

infection 

All 

community-

onset -

Community-

associated; 

Healthcare-

associated 

14 day, 

patients 

followed until 

death or 

discharge 

1) All-

cause 

mortality  

Shin, J., et al. 

2012. (105) Quinolones 

All uncomplicated 

acute pyelonephritis 

all treated initially 

with ciprofloxacin or 

levofloxacin 

CIP-resistant E coli 

UAPN 32 

CIP-susceptible E 

coli UAPN 173 

All UAPN  E 

coli patients 

during time 

period 

Uncomplicated 

acute 

pyelonephritis 

Community-

associated; 

Healthcare-

associated 

In hospital, 

follow-up 

visits if 

available 

1) All-

cause 

mortality, 

2) 

Treatment 

failure, 3) 

Length of 

hospital 

stay 

Soraas, A., et al. 

2014. (108) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

ESBL-producing E. 

coli UTI 81 

non-ESBL-

producing E. coli 

UTI 262 

All cases in 

the time 

period,  2-5 

controls were 

randomly 

selected using 

excel 

randomization 

everytime a 

case was 

identified.  

Both cases 

and controls 

had to meet 

eligibility 

criteria and 

provide 

consent. 

Urinary tract 

infection 

Community-

associated 

2 weeks after 

initial 

prescription 

1) 

Treatment 

failure 
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Thaden, J. T., et 

al. 2017. (62) 

Multidrug 

resistance n/a 

monomicrobial gram-

negative  BSI, MDR - 

Magiorakos, resistance 

to at least one 

antimicrobial in  at 

least three categories 165 

monomicrobial 

gram-negative  

BSI, non-MDR - 

resistance to at 

least one 

antimicrobial in 

less than three 

categories or 

pansusceptibility 165 

No selection, 

all cases and 

controls since 

01/2009 that 

provided 

consent 

Blood stream 

infection not reported in-hospital 

1) 

Healthcare 

system 

costs 

Trecarichi, E. 

M., et al. 2009. 

(58) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All cases and controls 

have hematological 

malignancy ESBL E. coli BSI 26 

non-ESBL E. coli 

BSI 36 

No selection,, 

all cases and 

controls in the 

time period 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30 days 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Trecarichi, E. 

M., et al. 2009. 

(58) Quinolones 

Hematological 

malignancy in all 

cases and controls 

Fluoroquinolone R E 

coli BSI 39 

Fluoroquinolone 

S E coli BSI 23 

No selection 

all cases and 

controls in 

study time 

period 

included 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 30 days 

1) 30-day 

mortality, 

2) All-

cause 

mortality 

Tumbarello, M.,  

et al. 2010. (83) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

ESBL-producing E. 

coli BSI 37 

non-ESBL-

producing E. coli 

BSI 97 

No selection, 

all cases and 

controls 

included from 

time period 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 

In hospital, 21-

day 

1) All-

cause 

mortality, 

2) 

Treatment 

failure, 3) 

Post-

infection 

length of 

hospital 

stay, 4) 

Healthcare 

system 

costs 

Uzodi, A. S., et 

al. 2017. (61) 

Multidrug 

resistance n/a 

MDR EC infection is 

resistant to any 

antibiotic in 3 or more 

of the following drug 

classes : 1) 

ampicillin/sulbactam, 

2) 

piperacillin/tazobactam, 

3) TMS, 4) 

fluoroquinolones, 5) 

aminoglycosides, 6) 1st 

ir 2nd generation 

cephalosporins, 7) 

extended-spectrum 

cephalosporins, 8) 

carbapenems 34 

non-MDR EC 

infection 284 

No selection 

all cases and 

controls 

during the 

study period 

Not reported, 

90% from 

urine but that 

includes 

colonization 

Not reported 

for 

infections 

only, 

including 

colonization 

Community-

associated; 

Healthcare 

associated; 

Nosocomial not reported 

1) All-

cause 

mortality, 

2) 

Treatment 

failure, 3) 

Length of 

hospital 

stay 
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Van Aken, S., et 

al. 2014. (91) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

ESBL-producing E. 

coli BSI 70 

non-ESBL-

producing E. coli 

BSI 140 

The cases 

were enrolled 

if they met 

inclusion 

criteria and 

provided 

consent 

during the 

study period. 

The controls 

were matched 

for time 

period, 

bacterial 

species, 

occurrence of 

bacteremia, 

and study 

location. 

Controls 

selected by 

computer 

randomization 

of all possible 

controls. 

Cases to 

controls 1:2. 

Blood stream 

infection 

Community-

associated; 

Healthcare-

associated; 

Nosocomial 14 days 

1) All-

cause 

mortality, 

2) Length 

of hospital 

stay 

Yip, T., et al. 

2006. (80) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs 

All end-stage renal 

disease treated by 

continuous 

ambulatory peritoneal 

dialysis 

ESBL-producing E. 

coli 11 

non-ESBL-

producing E. coli 77 

All  E. coli 

peritonitis 

cases in the 

study time 

period, then 

cases ESBL 

and controls 

non-ESBL Peritonitis  Not reported not reported 

1) All-

cause 

mortality, 

2) 

Treatment 

failure  

Yoon, E. J., et 

al. 2018. (60) 

Third/fourth/fif

th generation 

cephalosporins 

or ESBLs n/a 

resistant to 3rd and 4th 

generation 

cephalosporins in E. 

coli BSI 524 

susceptible to 3rd 

and 4th generation 

cephalosporins in 

E. coli BSI 968 

No selection,, 

all E. coli BSI 

during study 

periods 

Blood stream 

infection Not reported 

Until hospital 

discharge or at 

least for 30 

days 

1) 30-day 

mortality, 

2) All-

cause 

mortality  

Yoon, E. J., et 

al. 2018. (60) Quinolones n/a 

E. coli BSI resistant to 

fluoroquinolones 590 

E. coli BSI 

susceptible to 

fluoroquinolones 902 

No selection, 

all E. coli BSI 

during the 

study period 

Blood stream 

infection Not reported 

Until hospital 

discharge or at 

least for 30 

days 

1) 30-day 

mortality, 

2) All-

cause 

mortality  

Yoon, E. J., et 

al. 2018. (60) 

Multidrug 

resistance n/a 

MDR, nonsusceptible 

to at least 3 drug 

classes , ref 

Magiorakos 865 

non-MDR, 

nonsusceptible to 

less than 3 drug 

classes 627 

No selection, 

all E. coli BSI 

during study 

period 

Blood stream 

infection Not reported 

Until hospital 

discharge or at 

least 30 days 

1) 30-day 

mortality, 

2) All-

cause 

mortality  

BoD – burden of disease; ESBL – extended-spectrum beta-lactamases; 3GC – third-generation cephalosporin; EC – E. coli; BSI – bloodstream infection; UTI – urinary tract 

infection; CA – community- acquired; CO – community-onset; SPB – spontaneous bacterial peritonitis; MDR – multidrug-resistant 
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Appendix 7.6: Summaries of risk of bias for studies assessing specified burden of disease measure and type of antimicrobial 

resistance in E. coli infections 

 

  

0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 30-

day mortality and third-generation cephalosporin 

resistance (n=23 studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 30-

day mortality and quinolone resistance (n=9 

studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 30-

day mortality and MDR (n=4 studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing all-

cause mortality and third-generation 

cephalosporin resistance (n=51 studies)

Low Moderate Serious Critical No Information
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing all-

cause mortality and quinolone resistance (n=17 

studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing all-

cause mortality and MDR (n=5 studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 

bacterium-attributable mortality and third-

generation cephalosporin resistance (n=3 studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 

treatment failure and third-generation 

cephalosporin resistance (n=15 studies)

Low Moderate Serious Critical No Information
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 

treatment failure and quinolone resistance (n=7 

studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 

treatment failure and MDR (n=2 studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing total 

length of hospital stay and third-generation 

cephalosporin resistance (n=13 studies)

Low Moderate Serious Critical No Information



 

 

232 

 

 

 

  

0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing total 

length of hospital stay and quinolone resistance 

(n=4 studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing total 

length of hospital stay and MDR (n=1 study)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing post-

infection length of hospital stay and third-

generation cephalosporin resistance (n=7 studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 

healthcare costs and third-generation 

cephalosporin resistance (n=4 studies)

Low Moderate Serious Critical
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0% 20% 40% 60% 80% 100%

Bias in measurement of outcomes

Bias due to missing data

Bias in measurement of exposures

Bias in selection of participants

Bias due to confounding

Overall risk of bias

Summary of risk of bias for studies assessing 

healthcare costs and MDR (n=2 studies)

Low Moderate Serious Critical
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Appendix 7.7: Results for 30-day mortality and the type of antimicrobial resistance of interest for the systematic review evaluating 

whether the measures of health or healthcare system burden increase in humans with antimicrobial-resistant E. coli infections 

Citation 

(Reference # 

in 

manuscript) 

Deaths in 

resistant 

(R) group  

Total 

in R 

Deaths in 

susceptible 

(S) group 

Total 

in S 

Odds 

Ratio 

(OR) 

95% 

Confidence 

Interval 

OR 

calculated 

from raw 

data or 

extracted 

from study 

Crude 

or 

adjusted 

OR 

Details of 

multivariable 

logistic regression 

Details of 

matching β (Coefficient) 
Standard 

error  Comments 

7.7a) Third-generation cephalosporin resistance                   

Abernethy 

JK, 2015 (49) 392 1838 2911 16641 1.28 1.14-1.44 Extracted Crude n/a n/a 0.247 0.060   

Cheong HS, 

2007 (59) 5 19 64 489 2.37 0.86-6.57 Calculated Crude n/a n/a 0.863 0.519   

de Kraker 

ME, 2011 

(48) 34 105 180 1067 2.36 1.53-3.65 Calculated Crude n/a n/a 0.859 0.222   

Denis B, 

2015 (73) 12 41 11 41 1.23 0.36-4.23 Extracted Adjusted 

Adjusted for 

APACHE II score 

(severity) 

Matched on date 

of diagnosis 0.207 0.629   

Esteve-Palau 

E, 2015 (74) 6 60 4 60 1.56 0.44-5.43 Calculated Crude n/a 

Matched on age, 

sex, and date of 

admission 0.445 0.641   

Freeman JT, 

2012 (69) 10 16 2 16 11.67 2.1-61.93 Calculated Crude n/a 

Matched on 

species of 

organism, type of 

blood culture, 

timing of 

bacteremia, and 

data of diagnosis 2.457 0.863   

Gudiol C, 

2010 (66) 6 17 23 118 2.25 0.78-6.54 Calculated Crude n/a n/a 0.811 0.542 

Results are for 

episodes not 

patients. 

Ha YE, 2013 

(71) 21 95 31 255 3.01 1.45-6.28 Extracted Adjusted 

Adjusted for septic 

shock, mechanical 

ventilation, source 

from UTI, source 

from intra-

abdominal, source 

from respiratory, 

and CCI n/a 1.102 0.374   

Haruki Y, 

2018 (75) 9 24 12 77 3.25 1.19-8.96 Extracted Crude n/a n/a 1.179 0.515   
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Ho PL, 2002 

(63) 9 50 7 100 2.92 1.05-8.1 Calculated Crude n/a 

Matched on 

specialty, age (+/- 

10 yr), sex, and 

date of isolation 1.072 0.521 

Results are for 

episodes not 

patients. 

Hsieh CJ, 

2010 (67) 4 19 42 385 2.18 0.73-6.57 Calculated Crude n/a n/a 0.779 0.561   

Kang CI, 

2010 (50) 6 40 39 516 2.99 1.01-8.84 Extracted Adjusted 

Adjusted for severe 

sepsis, higher Pitt 

bacteremia score, 

primary 

bacteremia, 

pneumonia, and 

underlying liver 

disease n/a 1.095 0.553   

Kang CI, 

2011 (51) 3 29 19 175 0.95 0.28-3.23 Calculated Crude n/a n/a -0.051 0.624   

Kang CI, 

2012 (70) 8 108 2 100 3.92 0.81-18.92 Calculated Crude n/a n/a 1.366 0.804   

Kim SH, 

2013 (72) 1 15 3 72 1.64 0.16-16.97 Calculated Crude n/a n/a 0.495 1.190   

Ma J, 2017 

(47) 15 70 6 43 1.68 0.61-4.58 Calculated Crude n/a n/a 0.519 0.514   

Martelius T, 

2016 (55) 26 182 243 2035 1.23 0.8-1.9 Calculated Crude n/a n/a 0.207 0.221   

Melzer M, 

2007 (64) 28 46 73 308 3.57 1.48-8.6 Extracted Adjusted 

Adjusted for age, 

sex, site of 

infection, hospital 

or community-

acquired infection, 

presence in ICU, 

hypotension at time 

of bacteremia, 

malignancy, and 

neutropenia n/a 1.273 0.449   

Ortega M, 

2009 (57) 33 211 407 4547 1.89 1.29-2.77 Calculated Crude n/a n/a 0.637 0.195   

Park SH, 

2011 (93) 9 50 8 100 6.4 0.3-145.5 Extracted Adjusted 

Adjusted for severe 

sepsis or septic 

shock, malignancy, 

and severity of 

illness (APACHE 

II score) 

Matched on date 

diagnosis 1.856 1.578   

Pena C, 2008 

(65) 25 100 11 100 2.7 1.26-5.77 Calculated Crude n/a 

Matched on site 

of infection, and 

date of admission 0.993 0.388   
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Trecarichi 

EM, 2009 

(58) 11 26 2 36 8.84 1.48-52.91 Extracted Adjusted 

Adjusted for 

inadequate initial 

antimicrobial 

therapy and 

prolonged 

neutropenia n/a 2.179 0.912   

Yoon EJ, 

2018 (60) 67 524 74 968 1.77 1.25-2.51 Calculated Crude n/a n/a 0.571 0.178   

7.7b) Quinolone resistance                       

Abernethy 

JK, 2015 (49) 797 3647 2853 16828 1.37 1.25-1.5 Extracted Crude n/a n/a 0.315 0.047   

Camins BC, 

2011 (77) 24 93 7 93 3.9 1.5-10.2 Extracted Adjusted 

Conditional and 

adjusted for 

cirrhosis, cardiac 

dysfunction, and 

female gender 

Match on year of 

diagnosis 1.361 0.489   

Cheong HS, 

2007 (59) 22 132 47 376 1.4 0.81-2.42 Calculated Crude n/a n/a 0.336 0.279   

Eom JS, 2002 

(76) 7 60 2 80 5.15 1.03-25.76 Calculated Crude n/a n/a 1.639 0.821   

Huotari K, 

2003 (53) 2.40% 51 5.50% 102 nr nr n/a n/a n/a 

Matched on same 

type of infection n/a n/a 

Excluded from 

MA because the 

numbers for 

mortality don't 

multiply to a 

whole number. 

Mortality was 

reported in 

percentages.  

Kim J, 2014 

(78) 11 26 23 56 1.05 0.42-2.67 Calculated Crude n/a n/a 0.049 0.472   

Ortega M, 

2009 (57) 161 1300 279 3458 1.61 1.31-1.98 Calculated Crude n/a n/a 0.476 0.105   

Trecarichi 

EM, 2009 

(58) 12 39 1 23 9.78 1.18-81.15 Extracted Crude n/a n/a 2.280 1.079   

Yoon EJ, 

2018 (60) 69 590 72 902 1.53 1.08-2.16 Calculated Crude n/a n/a 0.425 0.177   
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7.7c) MDR                          

Cheong HS, 

2007 (59) 26 137 43 371 1.81 0.73-4.48 Extracted Adjusted 

Adjusted for CCI, 

UTI, presentation 

with acute renal 

failure, Pitt 

bacteremia score, 

and healthcare-

associated. n/a 0.593 0.463   

Lim C, 2016 

(44) 645 1717 697 2562 1.61 1.41-1.83 Calculated Crude n/a n/a 0.476 0.067   

Parveen A, 

2015 (38) 44 98 36 129 1.85 0.89-3.86 Extracted Adjusted 

Adjusted for 

gender, 

hematological 

malignancy, 

hospitalization 

within 30 days prior 

to BSI, admission to 

ICU, previous 

chemo within 30 

day, previous sx 

with 30 day, 

previous radiation 

within 30 day, 

neutropenia (<100 

cells/mm3), co-

morbidities, 

effectiveness of 

antimicrobial 

therapy, and age. n/a 0.615 0.374   

Yoon EJ, 

2018 (60) 97 865 44 627 1.67 1.16-2.42 Calculated Crude n/a n/a 0.513 0.188 

Study used 

multivariable cox 

proportional 

hazard regression 

to report HR 

1.59; 95% CI 1.1-

2.29;    adjusted 

for critically ill, 

polymicrobial 

infection, primary 

infection of 

urinary tract, 

primary infection 

of peritoneum, 

moderate to 

severe kidney 

disease, chronic 

liver disease, 

WBC, and sfa/foc 

for adhesion 
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Appendix 7.8: Funnel plot of the results from the random-effects meta-analysis assessing the 

impact of third-generation cephalosporin-resistant E. coli infections on 30-day mortality 
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Appendix 7.9: Forest plot for the random-effects meta-analysis assessing the impacts of MDR 

E. coli infections on 30-day mortality  
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Appendix 7.10: Results for all-cause mortality and the type of resistance of interest for a systematic review evaluating whether the 

measures of health or healthcare system burden increase in humans with antimicrobial-resistant E. coli infections 

Citation 

(Reference # in 

manuscript) 

All-cause 

definition 

Deaths in 

resistant 

(R) group 

Total 

in R 

Deaths in 

susceptible 

(S) group 

Total 

in S 

Odds 

Ratio 

(OR) 

95% 

Confidence 

Interval 

OR 

calculated 

from raw 

data or 

extracted 

from study 

Crude or 

adjusted 

Details of 

multivariable 

logistic 

regression Details of matching β (coefficient) 

Standard 

error Comments 

7.10a) Third-generation cephalosporin resistance                  

Abernethy JK, 

2015 (48) 

30-day all 

cause 392 1838 2911 16641 1.28 1.14-1.44 Extracted Crude n/a n/a 0.247 0.060   

Al-Otaibi FE, 

2013 (85) 

deaths (no 

definition) 10 113 2 226 10.87 2.34-50.52 Calculated Crude n/a n/a 2.386 0.784   

Alvarez-Uria G, 

2012 (35) 

21-day all 

cause 24 154 2 40 8.24 1.19-57.28 Extracted Adjusted 

Adjusted for sex, 

HIV infection, 

isolation from a 

normally sterile 

site, and age n/a 2.109 0.988   

Anunnatsiri S, 

2012 (40) 

overall in-

hospital 

mortality 9 32 13 113 7.76 1.84-32.72 Extracted Adjusted 

Adjusted for 

APACHE II 

score (severity 

score at time of 

culture or within 

24 hr), primary 

septicemia, and 

secondary 

septicemia from 

on-urinary 

source n/a 2.049 0.734   

Apisarnthanarak 

A, 2008 (41) 

in-hospital 

crude 

mortality 14 46 9 138 6.27 2.54-15.48 Calculated Crude n/a n/a 1.836 0.461   

Artero A, 2017 

(93) 

in-hospital 

all-cause 11 85 17 225 1.82 0.83-4.00 Calculated Crude n/a n/a 0.599 0.401   

Chakraborty A, 

2012 (36) 

expired (no 

definition) 21 132 1 67 12.49 1.64-94.99 Calculated Crude n/a n/a 2.525 1.035   

Cheong HS, 2007 

(58) 30-day 5 19 64 489 2.37 0.86-6.57 Calculated Crude n/a n/a 0.863 0.519   
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Cornejo-Juarez 

P, 2012 (42) 60-day 51 88 51 88 1 0.55-1.82 Calculated Crude n/a Matching details not provided 0.000 0.305   

Courpon-

Claudinon A, 

2011 (83) in-hospital 12 39 124 1012 3.18 1.59-6.37 Calculated Crude n/a n/a 1.157 0.354   

de Kraker ME, 

2011 (47) In-hospital 39 109 190 1101 2.67 1.76-4.06 Calculated Crude n/a n/a 0.982 0.213   

Denis B, 2015 

(72) 30-day 12 41 11 41 1.23 0.36-4.23 Extracted Adjusted 

Adjusted for 

APACHE II 

score (severity) Matched on date of diagnosis 0.207 0.629   

Esteve-Palau E, 

2015 (73) 30-day 6 60 4 60 1.56 0.44-5.43 Calculated Crude n/a 

Matched on age, sex, and date 

of admission 0.445 0.641   

Freeman JT, 

2012 (68) 30-day 10 16 2 16 11.67 2.1-61.93 Calculated Crude n/a 

Matched on species of 

organism, type of blood 

culture, timing of bacteremia, 

and data of diagnosis 2.457 0.863 

Additionally 

reported 8-day 

mortality  

Gudiol C, 2010 

(65) 30-day 6 17 23 118 2.25 0.78-6.54 Calculated Crude n/a n/a 0.811 0.542 

The outcomes are 

presented for 

episodes not 

patients and 

additionally 

reported 7-day 

mortality  

Ha YE, 2013 

(70) 30-day 21 95 31 255 3.01 1.45-6.28 Extracted Adjusted 

Adjusted for 

septic shock, 

mechanical 

ventilation, 

source from UTI, 

source from 

intra-abdominal, 

source from 

respiratory, and 

CCI n/a 1.102 0.374   

Haruki Y, 2018 

(74) 28-day 9 24 12 77 3.25 1.18-8.96 Calculated Crude n/a n/a 1.179 0.517   

Henshke-Bar-

Meir R, 2006 

(78) in-hospital 10 39 14 119 2.59 1.06-6.33 Calculated Crude n/a n/a 0.952 0.456   

Ho PL, 2002 (62) 30-day 9 50 7 100 2.92 1.05-8.10 Calculated Crude n/a 

Matched on specialty, age (+/- 

10 yr), sex and date of isolation 1.072 0.521 

The outcomes are 

presented for 

episodes not 

patients. 
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Hsieh CJ, 2010 

(66) 30-day 4 19 42 385 2.18 0.73-6.57 Calculated Crude n/a n/a 0.779 0.561 

Additionally 

reported 3-day, 15-

day and crude 

mortality. 

Huang YY, 2018 

(95) in-hospital 7 58 4 118 3.91 1.16-13.07 Calculated Crude n/a n/a 1.364 0.618   

Kang CI, 2010 

(49) 30-day 6 40 36 516 2.99 1.01-8.84 Extracted Adjusted 

Adjusted for 

severe sepsis, 

higher Pitt 

bacteremia score, 

primary 

bacteremia, 

pneumonia, and 

underlying liver 

disease n/a 1.095 0.553   

Kang CI, 2011 

(50) 30-day 3 29 19 175 0.95 0.28-3.23 Calculated Crude n/a n/a -0.051 0.624   

Kang CI, 2012 

(70) 30-day 8 108 2 100 3.92 0.81-18.92 Calculated Crude n/a n/a 1.366 0.804   

Kaya O, 2013 

(45) in-hospital 16 44 19 69 1.5 0.67-3.38 Extracted Crude n/a n/a 0.405 0.413   

Khan FY, 2010 

(81) in-hospital 14 27 9 70 7.3 2.65-20.14 Calculated Crude n/a n/a 1.988 0.517   

Kim SH, 2013 

(72) 7-day 0* 15* 1* 72* 1.54 0.06-39.55 Calculated Crude n/a n/a 0.432 1.656 

*Continuity 

correction added 0.5 

to all cells of 2X2 

table 

Komatsu Y, 2018 

(97) 14-day 6 30 4 85 4.97 1.08-26.01 Extracted Crude n/a n/a 1.603 0.812   

Lambert ML, 

2011 (52) in ICU 21 42 86 217 1.52 0.79-2.94 Calculated Crude n/a n/a 0.419 0.335   

Lee H, 2018 (98) in-hospital 0* 50* 2* 100* 0.39 0.018-8.28 Calculated Crude n/a 

Matched on sex and age (+/- 5 

years) -0.942 1.564 

*Continuity 

correction added 0.5 

to all cells of 2X2 

table  

Lee S, 2014 (88) 14-day 0* 26* 0* 52* 1.98 0.04-102.6 Calculated Crude n/a 

Matched on bacteremia, age, 

sex, CCI, SAPS II and 

modified APN score 0.683 2.002 

*Continuity 

correction added 0.5 

to all cells of 2X2 

table  

Leistner R, 2014 

(89) in-hospital 30 115 181 983 1.56 1.00-2.44 Calculated Crude n/a n/a 0.445 0.228   
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Leistner R, 2014 

(90) In-hospital 45 178 233 1321 1.58 1.10-2.28 Calculated Crude n/a n/a 0.457 0.186   

Ma J, 2017 (47) 30-day 15 70 6 43 1.68 0.61-4.58 Calculated Crude n/a n/a 0.519 0.514   

Martelius T, 

2016 (55) 7-day 14 182 121 2035 1.32 0.75-2.33 Calculated Crude n/a n/a 0.278 0.289   

Maslikowska JA, 

2016 (92) 

All-cause 

deaths upto 

and 

including 

14-days 

after 

completion 

of antibiotic 

therapy 9 61 1 49 8.31 1.01-68.04 Calculated Crude n/a n/a 2.117 1.074   

Melzer M, 2007 

(64) 30-day 28 46 73 308 3.57 1.48-8.60 Extracted Adjusted 

Adjusted for age, 

sex, site of 

infection, 

hospital or 

community-

acquired 

infection, 

presence in ICU, 

hypotension at 

time of 

bacteremia, 

malignancy, and 

neutropenia n/a 1.273 0.449   

Namikawa H, 

2017 (95) 

all-cause 

deaths  3 31 9 98 1.06 0.29-3.91 Calculated Crude n/a n/a 0.058 0.664   

Nicolas-

Chanoine MH, 

2012 (85) in-hospital 18 152 11 152 1.72 0.80-3.72 Calculated Crude n/a Matched on time of diagnosis 0.542 0.392   

Nussbaum A, 

2013 (87) in-hospital 9 34 11 66 1.8 0.68-4.8 Calculated Crude n/a Matched on age and gender 0.588 0.499   

Ortega M, 2009 

(57) 30-day 33 211 407 4547 1.89 1.29-2.77 Calculated Crude n/a n/a 0.637 0.195   

Park SH, 2011 

(68) 7-day 4 50 6 100 1.36 0.39-4.74 Calculated Crude n/a Matched on data of diagnosis 0.307 0.637   

Park SH, 2015 

(93) 

death within 

4 wks after 

completion 

of antibiotic 

therapy 1 75 4 225 0.75 0.08-6.79 Calculated Crude n/a Matched on month of diagnosis -0.288 1.133   
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Pena C, 2008 

(65) 30-day 25 100 11 100 2.7 1.26-5.77 Calculated Crude n/a 

Matched on site of infection, 

and date of admission 0.993 0.388 

Additionally, 

reported 7-day 

mortality  

Peralta G, 2007 

(56) in-hospital 6 31 30 632 4.82 1.89-12.32 Calculated Crude n/a n/a 1.573 0.478   

Rodriguez-Bano 

J, 2010 (82) 14-day 16 98 15 187 2.24 1.07-4.69 Calculated Crude n/a 

Matched on month of diagnosis 

and hospital  0.806 0.377   

Trecarichi EM, 

2009 (58) 30-day 11 26 2 36 8.84 1.48-52.91 Extracted Adjusted 

Adjusted for 

inadequate initial 

antimicrobial 

therapy and 

prolonged 

neutropenia n/a 2.179 0.912   

Tumbarello M, 

2010 (83) 21-day 11 37 6 97 6.42 2.23-18.39 Calculated Crude n/a n/a 1.859 0.538   

Van Aken S, 

2014 (90) 14-day 6 67 9 130 1.32 0.47-3.75 Calculated Crude n/a 

Matched on time period, 

bacterial species, occurrence of 

bacteremia, and study location 0.278 0.530   

Yip T, 2006 (80) 

mortality 

(no 

definition) 3 11 3 77 9.25 1.81-48.00 Calculated Crude n/a n/a 2.225 0.836   

Yoon EJ, 2018 

(60) 30-day 67 524 74 968 1.77 1.25-2.51 Calculated Crude n/a n/a 0.571 0.178   

7.10b) Quinolone resistance                          

Abernethy JK, 

2015 (49) 

30-day all-

cause 797 3647 2853 16828 1.37 1.25-1.50 Extracted Crude n/a n/a 0.315 0.047   

Bert F, 2008 

(102) 

in-hospital 

all-cause  5 11 33 60 0.68 0.20-2.36 Calculated Crude n/a n/a -0.386 0.630 

The outcomes are 

presented for 

episodes not 

patients. 

Camins BC, 2011 

(77) 

in-hospital 

30-day 

mortality 24 93 7 93 3.9 1.50-10.20 Extracted Adjusted 

Conditional and 

adjusted for 

cirrhosis, cardiac 

dysfunction, and 

gender matched on year of infection 1.361 0.489   

Cereto F, 2003 

(101) 

in-hospital 

death during 

an SBP 

episode 9 12 15 35 4 0.97-16.01 Calculated Crude n/a n/a 1.386 0.715   

Cereto F, 2008 

(103) 

in-hospital 

death during 

an SBP 

episode 9 18 9 29 2.22 0.66-7.34 Calculated Crude n/a n/a 0.798 0.615   



 

 

248 

 

Cheong HJ, 2001 

(100) in-hospital 12 40 13 80 2.21 0.91-5.36 Calculated Crude n/a Matched on time of diagnosis 0.793 0.452   

Cheong HS, 2007 

(59) 30-day 22 132 47 376 1.4 0.81-2.42 Calculated Crude n/a n/a 0.336 0.279   

Eom JS, 2002 

(76) 30-day 7 60 2 80 5.15 1.03-25.76 Calculated Crude n/a n/a 1.639 0.821   

Garau J, 1999 

(99) in-hospital 20 70 53 502 3.39 1.89-6.09 Calculated Crude n/a n/a 1.221 0.298   

Huotari K, 2003 

(53) 30-day 2.40% 51 5.50% 102 nr nr n/a n/a n/a 

Matched on same type of 

infection n/a n/a 

Excluded from MA 

because the 

numbers for 

mortality don't 

multiply to a whole 

number. Mortality 

was reported in 

percentages.  

Kim J, 2014 (78) 30-day 11 26 23 56 1.05 0.42-2.67 Calculated Crude n/a n/a 0.049 0.472   

Laupland KB, 

2008 (104) in-hospital         1.8 1.20-2.80 Extracted Adjusted 

Adjusted for 

cancer, 

hematological 

malignancy, 

source/timing of 

infection, focus 

of infection, 

stroke, chronic 

lung disease, 

alcoholism, heart 

disease, & age n/a 0.588 0.216   

Ortega M, 2009 

(57) 30-day 161 1300 279 3458 1.61 1.31-1.98 Calculated Crude n/a n/a 0.476 0.105   

Peralta G, 2007 

(56) in-hospital 10 125 26 538 1.71 0.82-3.60 Calculated Crude n/a n/a 0.536 0.377   

Shin J, 2012 

(105) in hospital 0* 32* 0* 173* 5.27 0.10-273.90 Calculated Crude n/a n/a 1.662 2.019 

*Continuity 

correction added 0.5 

to all cells of 2X2 

table  

Trecarichi EM, 

2009 (58) 30-day 12 39 1 23 9.78 1.18-81.15 Calculated Crude n/a n/a 2.280 1.079   

Yoon EJ, 2018 

(60) 30-day 69 590 72 902 1.53 1.08-2.16 Calculated Crude n/a n/a 0.425 0.177   
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7.10c) MDR                              

Cheong HS, 2007 

(59) 30-day 26 137 43 371 1.81 0.73-4.48 Extracted Adjusted 

Adjusted for 

CCI, UTI, 

Presentation with 

acute renal 

failure, Pitt 

bacteremia score, 

and Healthcare-

associated n/a 0.593 0.463   

Lim C, 2016 (44) 30-day 645 1717 697 2562 1.61 1.41-1.83 Calculated Crude n/a n/a 0.476 0.067   

Parveen A, 2015 

(38)  30-day 44 98 36 129 1.85 0.89-3.86 Extracted Adjusted 

Adjusted for 

gender, 

hematological 

malignancy, 

hospitalization 

within 30 days 

prior to BSI, 

admission to 

ICU, previous 

chemo within 30 

day, previous sx 

with 30 day, 

previous 

radiation within 

30 day, 

neutropenia 

(<100 

cells/mm3), co-

morbidities, 

effectiveness of 

antimicrobial 

therapy, and age n/a 0.615 0.374   

Uzodi AS, 2017 

(61) 

death (no 

definition) 0* 34* 1* 274* 2.64 0.11-66.15 Calculated Crude n/a n/a 0.971 1.632 

*Continuity 

correction added 0.5 

to all cells of 2X2 

table  
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Yoon EJ, 2018 

(60) 30-day 97 865 44 627 1.67 1.16-2.42 Extracted Adjusted 

Adjusted for 

critically ill, 

polymicrobial 

infection, 

primary infection 

of urinary tract, 

primary infection 

of peritoneum, 

moderate to 

severe kidney 

disease, chronic 

liver disease, 

WBC, and 

sfa/foc for 

adhesion n/a 0.513 0.188 

Study used 

multivariable Cox 

proportional hazard 

regression to report 

HR 1.59; 95% CI 

1.1-2.29;    adjusted 

for critically ill, 

polymicrobial 

infection, primary 

infection of urinary 

tract, primary 

infection of 

peritoneum, 

moderate to severe 

kidney disease, 

chronic liver 

disease, WBC, and 

sfa/foc for adhesion 
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Appendix 7.11: Funnel plot of the results from the random-effects meta-analysis assessing the 

impact of third-generation cephalosporin-resistant E. coli infections on all-cause mortality  
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Appendix 7.12: Funnel plot of the results from the random-effects meta-analysis assessing the 

impact of quinolone-resistant E. coli infections on all-cause mortality  
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Appendix 7.13: Forest plot for the random-effects meta-analysis assessing the impacts of MDR 

E. coli infections on all-cause mortality  
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Appendix 7.14: Results for bacterium-attributable mortality and third-generation cephalosporin resistance for a systematic review 

evaluating whether the measures of health or healthcare system burden increase in humans with antimicrobial-resistant E. coli 

infections  

Citation 

(Reference # 

in manuscript) 

Deaths in 

resistant 

(R) group  

Total 

in R 

Deaths in 

susceptible 

(S) group 

Total 

in S 

Odds 

Ratio 

(OR) 

95% 

Confidence 

Interval 

OR 

calculated 

from raw 

data or 

extracted 

from study 

Crude or 

adjusted 

OR 

Details of 

multivariable 

logistic 

regression 

Details of 

matching β (Coefficient) 

Standard 

error Comments 

Cornejo-Juarez 

P, 2012 (43) 34 71 19 56 1.79 0.87-3.67 Calculated Crude n/a 

Matched on date of 

culture 0.582 0.367   

Feng XR, 2014 
(46) 0.5 33 1.5 59 0.59 0.02-14.90 Calculated Crude n/a n/a -0.528 1.687 

The outcomes are 

presented for episodes 
not patients. 

Maslikowska 
JA, 2016 (92) 3 61 1 49 2.48 0.25-24.65 Calculated Crude n/a 

Matched on sex, 

age +/- 5 yr, type 

of infection, and 
bed allocation 0.908 1.171   
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Appendix 7.15: Forest plot for the random-effects meta-analysis assessing the impacts of third-

generation cephalosporin-resistant E. coli infections on bacterium-attributable mortality  
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Appendix 7.16: Results for treatment failure and the type of resistance of interest for a systematic review evaluating whether the 

measures of health or healthcare system burden increase in humans with antimicrobial-resistant E. coli infections 

Citation 

(Reference # in 

manuscript) 

Term used to 

represent treatment 

failure 

 

 

 

 

Definition of treatment failure 

Lost to follow-

up in each 

group 

Result in antimicrobial 

resistant (R) group 

[number with 

treatment failure / 

total in group (%)] 

Result in 

antimicrobial 

susceptible (S) group 

[number with 

treatment failure / 

total in group (%)] 

Comparison of 

significance between 

groups (R vs S) Comments 

7.16a)  Third-generation cephalosporin resistance            

Anunnatsiri S, 

2012. (41) Failure 

"Absence of improvement or worsening of 

sepsis" at 72 hours after the start of treatment 
(only assessed in patients that survived to 72 

hours).  

R - 3/32; S - 
8/113 (all died 

within 72 hours) 7/29 (24.1%)  6/105 (5.7%) p=0.01   

Bollestad M, 
2018. (106)  

Treatment failure 
(persistent symptoms 

(a) and second 

antibiotic 
prescription (b)) 

"Persistent symptoms leading to a second 

antibiotic prescription during the follow-up" 

period of up to two weeks after completion of 
initial antibiotic treatment 

R (a) - 1/88 (b) 

none; S (a) & (b) 
- 2/74 

(a) 32/87 (36.8%); (b) 
30/88 (34.1%)  

(a) 11/72 (15.3%); (b) 
10/72 (13.9%)  

(a) p=0.01; (b) p=0.01; 

univariable logistic 
regression model   

Can F, 2015. (40) Treatment failure 

Persistent symptoms 10 days after start of 

treatment or detection of resistance to 

initial/empiric antibiotic and switching to the 

appropriate antimicrobial. none 17/70 (24.3%) 18/224 (8.0%) 

OR 2.2; 95% CI 1.14-

4.4; p=0.02; univariable 

logistic regression   

Chakraborty A, 
2012. (37) 

Failure to improve 
with treatment 

Included both relapses and death (there was no 
explicit definition of relapse or death). 

R - 5/132; S - 
2/68 41/127 (32.3%) 14/66  (21.2%) nr   

Chauhan S, 2015 
(39) 

(a) Clinical failure; 

(b) Microbiological 
failure 

(a) Persistence or worsening of any clinical 

parameter. (b) Persistent bacterial growth on 

culture after 3 days or more of antimicrobial 
therapy 

R (a) - 18/85 (b) 

-36/85; S (a) - 
11/85 (b) - 54/85 

(a) 3/67 (4.5%); (b) 0/49 
(0.0%)  

(a) 3/74 (4.1%); (b) 
3/31 (9.7%) nr   

Esteve-Palau E, 

2015. (74) Clinical failure 

"No improvement or at least one of the initial 
symptoms worsened, needed a switch of 

antimicrobial therapy or died" within 7 days of 

diagnosis. none 

 

24/60 (40.0%)  4/60 (7.0%)  

OR 8.01; 95% CI 2.48 - 

25.92; p = 0.001; 
multivariable logistic 

regression adjusted for 

acute pyelonephritis   

Fan NC, 2014. 

(107) 

Early treatment 

failure 

"Fever persisted for more than three days 
despite treating with antibiotics and antibiotics 

would be changed within 3-5 days to improve 

the above clinical conditions." none 19/104 (18.3%) 14/208 (6.7%) p = 0.003; ꭓ2 test   
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Feng XR, 2014. 
(46) Treatment failure 

"Discontinuation of peritoneal dialysis, 

whether temporary or permanent, and  death 
during peritonitis" none 2/32 (6.3%)  7/58 (12.1%)  p = 0.31; ꭓ2 test 

Outcomes are 

presented for 

episodes not 
patients. 

Kang CI, 2010. 
(50) Failure 

"No improvement or worsening of any of their 

clinical parameters as well as those who died" 
within 7 days of starting treatment. 

R - 42/82; S - 
267/783 8/40 (20.0%)  60/516 (11.6%)  p=0.13; ꭓ2 test   

Lee S, 2014. (88) 

Microbiological 

failure 

Bacterial growth on follow-up  urine culture 
(taken within 5 days after antibiotic treatment 

started). R - 4/26; S - 7/52 5/22 (23.0%)  0/45 (0.0%) p=0.01; McNemar's test   

Maslikowska JA, 
2016. (92) 

Clinical failure (a) 

and microbiological 
failure (b) 

(a) "Absence of chart documented resolution of 

signs and symptoms of infection at the end of 
and 14 days following discontinuation of 

antibiotics." (b) "Failure to achieve negative 

source culture(s) by the end of therapy and 14 
days after discontinuation of antibiotics."  

R (a) - 28/61 (b) 

- 49/61; S (a) - 
29/49 (b) - 46/49  

 

(a) 13/33 (39.0%); (b) 
1/12 (8.3%)    

(a) 3/20 (15.0%); (b) 
0/3 (0.0%)   

(a)  p = 0.0728; (b) p > 

0.9999; Fisher's exact 
test   

Park SH, 2015. 

(93) 

Clinical failure (a) 

and microbiological 

failure (b) 

(a) After initial improvement, either recurrence 

of symptoms or death during follow-up period 

of 4 weeks after completing antibiotic therapy. 
(b) Persistence or recurrence of bacterial 

growth on culture during the follow-up period 

of 4 weeks after completing antibiotic therapy. 

R (a) & (b) - 

none; S (a) - 

none (b) - 48/225 

(a) 4/75 (5.3%); (b) 9/75 

(12.0%)   

(a) 20/225 (8.9%); (b) 

26/177 (14.7%) 

(a) HR 0.69; 95% CI 

0.24-2.02; p = 0.50 

(univariable) HR 0.39; 
95% CI 0.12-1.30; p = 

0.13 (multivariable, 

adjusted for septic 
shock, 

immunocompromise, 

delay in appropriate 
treatment, age > 65 yr 

and antibiotic use within 

the previous year) (b) 
HR 0.89; 95% CI 0.41-

1.89; p = 0.75 

(univariable) HR 0.49; 
95% CI 0.21-1.12; p = 

0.091 (multivariable, 

adjusted for antibiotic 
use with the previous 

year, chronic kidney 

disease, diabetes, age > 

65 year, concomitant 

BSI, urinary tract 

abnormality); 
multivariable Cox 

proportional hazards 

regression model.   
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Soraas A, 2014. 

(108) Treatment failure 

Prescribing a second antibiotic (appropriate for 

UTI) within 1-14 days after diagnosis none 43/81 (53%) 58/262 (22.0%) p < 0.001;  ꭓ2 test   

Tumbarello M, 

2010. (83) Treatment failure 

Persistent or worsening signs of the infection 

or death within the first 72 hours none 17/37 (45.9%) 11/97 (11.3%) 

OR = 3.2; 95% CI 1.96-

5.27; p < 0.001   

Yip T, 2006. (80)  Treatment failure 

Discontinuation of peritoneal dialysis or death 

during peritonitis episode none 5/11 (45.5%) 10/77 (13.0%)  p = 0.02;  ꭓ2 test   

7.16b) Quinolone resistance             

Camins BC, 2011. 
(77) Clinical failure 

If not discharged or died within 30 days of 

diagnosis, recurrent infection within 30 days or 

a positive blood culture for E. coli within 14 
days after starting antimicrobial treatment. none 26/93 (28.0%)  8/93 (9.0%)  

p = 0.001; Mantel-
Haenszel  ꭓ2 test   

Can F, 2015. (40) Treatment failure 

Persistent symptoms 10 days after start of 

treatment or detection of resistance to 

initial/empiric antibiotic and switching to the 
appropriate choice. none 28/114 (24.6%) 7/180 (3.9%) 

OR 3.1; 95% CI 1.62-

6.02; p = 0.001; 

univariable logistic 
regression    

Cereto F, 2008. 
(103)   Treatment failure 

Persistence of spontaneous bacterial peritonitis 
after 6 days of antibiotic therapy. none 4/18 (22.2%)  6/29 (20.7%) p = 1; ꭓ2 test   

Eom JS, 2002. 

(76) Fail-to-treat 

Bacterial growth on follow-up culture or UTI 

relapse within 2 weeks of the therapy ending 

R - 28/60; S - 

27/80 11/34 (32.4%) 6/53 (11.3%) p=0.02   

Gagliotti C, 2008. 

(110) Treatment failure 

"Second isolation of E. coli from urine 

between 4 and 30 days after the first isolation." nr nr nr 

IRR 1.85; 95% CI 1.32-

2.60; p < 0.001; 

multivariable Poisson 

regression adjusted for 
prescription of an 

antibiotic to which E 

coli is susceptible, 
prescription of 

fluoroquinolones, 

prescription of 
penicillins-beta-

lactamase inhibitors, 

prescription of 
penicillins with extended 

spectrum     
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Jeon JH, 2012. 

(109) 

(a) Clinical failure; 

(b) Microbiological 

failure 

(a) Persistence or worsening of signs and 

symptoms, or recurrence after cure or 
improvement. (b) Identification of infection 

with a new pathogen or persistence of the 

original pathogen from culture during a follow-
up visit (first (1st) - 4-7 days after starting 

treatment and second (2nd) - 14-21 days after 

finishing treatment) 

1st R (a) none (b) 
3/39; S (a) none 

(b) 18/216; 2nd 

R (a) none (b) 
15/39; S (a) 

7/216 (b) 

161/216 

1st (a) 9/39 (23.1%)   
(b) 21/36 (58.3%);  

2nd (a) 2/39 (5.1%) (b)  

7/24 (29.2%)  

1st (a) 1/216 (0.5%) 
(b) 15/198 (7.6%); 

2nd (a) 3/209 (1.4%) 

(b) 10/55 (18.2%) 

1st (a)  p=0.135 (b) 
p<0.001; 2nd (a) 

p=0.177 (b) p=0.372; ꭓ2 

test   

Shin J, 2012. 
(105) 

Clinical treatment 
failure 

Worsening of any clinical parameter after 3 

days of treatment, failure to improve, or 

recurrence of symptoms within 4-10 days after 
completion of treatment. none 7/32 (21.9%) 15/173 (8.7%) 

OR 2.94; 95% CI 1.03-

8.37; p = 0.04; 

multivariable logistic 
regression adjusted for 

age, antibiotic use before 

visit and presence of 
bacteremia   

7.16c) MDR               

Can F, 2015. (40) Treatment failure 

Persistent symptoms 10 days after start of 
treatment or detection of resistance to 

initial/empiric antibiotic and switching to the 
appropriate choice. none 30/116 (25.9%) 5/178 (2.8%) 

OR 2.9; 95% CI 1.65-
5.3; p < 0.001; 

univariable logistic 
regression    

Uzodi AS, 2017. 

(61) Cure with recurrence  Recurrence after cure (excluding death) 

R - none S - 

11/284 12/34 (35.0%)  55/273 (20.1%)  p > 0.05   
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Appendix 7.17: Results for total length of hospital stay and the type of resistance of interest for a systematic review evaluating 

whether the measures of health or healthcare system burden increase in humans with antimicrobial-resistant E. coli infections  

Citation 

(Reference # in 

manuscript) 

Mean LOS in 

resistant (R) 

group in 

days 

SD of 

LOS in 

R 

group 

Total 

in R 

Mean LOS in 

susceptible (S) 

group in days 

SD of 

LOS in 

S group 

Total 

in S Alternate LOS raw data  Details of matching Comments 

7.17a) Third-generation cephalosporin resistance         

Apisarnthanarak 

A, 2008 (42) nr nr 46 nr nr 138 

median days (range) R - 8 (1-43); S 

- 6.5 (3-15) 

Matched on site of infection, hospital unit 

and day of admission (+/- 7 days).   

Artero A, 2017 
(94) 6.6 3.69 85 5.61 3.16 225 n/a n/a   

Chauhan S, 

2015 (39) 40.22 20.26 85 14 7.4 85 n/a Matched on time   

Denis B, 2015 

(73) nr nr 41 nr nr 41 

median days (IQR) R - 15 (10-21); 

S - 11 (7-17) Matched on date of culture   

Esteve-Palau E, 
2015 (74) 11.6 1.5 60 7.5 0.8 60 n/a 

Matched on sex, age, and date of 
admission.   

Fan NC, 2014 

(107) nr nr 104 nr nr 208 days R - 12.08; S - 6.88  Matched on age and sex 

Did not specify if LOS reported is a 

mean or median and no measure of 

variability  

Huang YY, 

2018 (96) nr nr 58 nr nr 118 

median days (IQR) R - 11 (6-27); S 

- 7 (3-13) n/a   

Lee H, 2018 
(98) nr nr 50 nr nr 100 

median days (IQR) R - 13.5 (7-21); 
S - 7 (3-12) Matched on sex and age (+/- 5yr)   

Lee S, 2014 (88) 13.3 8.2 26 7.3 3.5 52 n/a 
Matched on bacteremia, age, sex, CCI, 
SAPS II and modified APN score.   

Leistner R, 2014 

(89) nr nr 115 nr nr 983 

median days (IQR) R - 27 (12-53); 

S - 15 (8-32) n/a   

Nussbaum A, 

2013 (87) 13.2 nr 34 13.7 nr 66 

median days (range) R - 12.5 (1-

39); S - 11 (1-71) Matched on age and gender   
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Park SH, 2015 
(93) nr nr 75 nr nr 225 

median days (IQR) R - 11 (6-16); S 
- 7 (6-9) 

Matched on time (within a month of each 
case)   

Van Aken S, 

2014 (91) 11 12 70 9 10 140 n/a 

Matched for time period, bacterial species, 

occurrence of bacteremia, and study 

location   

7.17b) Quinolone resistance          

Camins BC, 

2011 (77) 18.2 21.9 93 10.4 10 93 n/a Matched on year of infection   

Huotari K, 2003 
(53) nr nr 51 nr nr 102 days R - 17.7; S - 18.7  Matched on type of infection 

Did not specify if LOS reported is a 

mean or median and no measure of 
variability  

Jeon JH, 2012 
(109) 8.2 5 39 7.8 3.1 216 n/a n/a   

Shin J, 2012 

(105) 9.6 5.5 32 7 3.5 173 n/a n/a   

7.17c) MDR             

Uzodi AS, 2017 

(61) nr nr 8 nr nr 35 

median days (IQR) R - 10 (4.5-

20.5); S - 4 (2-6) n/a   

LOS – length of hospital stay; SD – standard deviation; nr – not reported 
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Appendix 7.18: Forest plot for the random-effects meta-analysis assessing the impacts of third-

generation cephalosporin-resistant E. coli infections on total length of hospital stay 
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Appendix 7.19: Forest plot for the random-effects meta-analysis assessing the impacts of 

quinolone-resistant E. coli infections on total length of hospital stay 
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Appendix 7.20: Results for post-infection length of hospital stay and third-generation cephalosporin resistance for a systematic 

review evaluating whether the measures of health or healthcare system burden increase in humans with antimicrobial-resistant E. coli 

infections 

Citation 

(Reference # in 

manuscript) 

Mean LOS 

in resistant 

(R) group in 

days 

SD of 

LOS in R 

group 

Total 

in R 

Mean LOS in 

susceptible (S) 

group in days 

SD of 

LOS in S 

group 

Total 

in S Alternate LOS raw data  Details of matching Comments 

Anunnatsiri S, 

2012 (41) nr nr 29 nr nr 105 

median days (range) R- 13 

(3-48); S - 8 (3-102) n/a   

de Kraker ME, 
2011 (48) nr nr 109 nr nr 1101 

median days (IQR) R - 12 
(6-25); S - 10 (6-17) n/a   

Hsieh CJ, 2010 
(67) 21 27.1 19 13.1 13 385 n/a n/a   

Lambert ML, 
2011 (52) nr nr 21 nr nr 131 

median days (IQR) R - 16 
(4-24); S - 9 (5-20) n/a   

Leistner R, 2014 
(111) nr nr 92 nr nr 92 

median days (IQR) R - 15 
(8-32); S - 17 (8-38) 

Matching of cases to controls 1:1, 
matched on age +/- 5 yr, sex, CCI 

+/- 2, discharge year and the LOS 

before BSI onset in the control had 
to be at least as long as the case   

Melzer M, 2007 
(64) nr nr 18 nr nr 235 median days R - 9; S - 12 n/a 

Does not include any 
of the patients that 

died and did not report 

a measure of 
variability  

Tumbarello M, 

2010 (83) 20 17 37 13 9 97 n/a n/a    

LOS – length of hospital stay; SD – standard deviation; nr – not reported
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Appendix 7.21: Results for healthcare costs and the type of resistance of interest for a systematic review evaluating whether the 

measures of health or healthcare system burden increase in humans with antimicrobial-resistant E. coli infections 

Citation 

(Reference # in 

manuscript) 

 

Definition of healthcare system cost 

measure 

  

Mean 

cost in 

resistant 

(R) group  

SD for 

R  

Total 

patients 

in R  

  

Mean cost 

in 

susceptible 

(S) group  SD for S  

Total 

patients 

in S  

 

 

Year, 

currency  

 

 

Additional cost related results  

7.21a) Third-generation cephalosporin resistance 

                

Apisarnthanarak 

A, 2008. (42) 

The costs were "the direct and indirect 
costs required to provide healthcare 

services and medications." They were 

the costs after onset of  infection.  nr   nr  46  nr   nr  138 nr, USD 

median (range) R - $528 ($43-$3,173); S 

- $194 ($53-$1,861); p<0.05 

Esteve-Palau E, 

2015. (74) 

(a) Cost of hospitalization, including 

costs related to pharmacy (antibiotics 

and pharmacy costs), laboratory and 
hospital stay. 

(b) Cost of parenteral outpatient 

antibiotic therapy (OPAT). 

(c) Cost of episode - combination of (a) 

and (b)  nr   nr  60  nr   nr  60 nr, Euros 

median (IQR) (a) R - $3,611 ($2,619-

$7,141), S - $2,502 ($1,716-$4,218), 
p=0.007; (b) R - $2,966 ($1,998-$5,254), 

S - $1,577 ($782-$2,473), p=0.04; (c) R - 

$4,980 ($2,783-$8,465), S - $2,612 
($1,810-$4,318), p<0.001; OR 3.1; 95% 

CI 1.3-7.0; p = 0.008; Multivariable 

logistic regression for cost of episode 

adjusted for male gender, chronic renal 

failure and OPAT  

Leistner R, 

2014. (111) 

(a) Total costs that included direct and 

indirect costs. Direct costs included 

medical products, laboratory and 
pharmacy costs. Indirect costs included 

overhead, costs of staffing. (b) Average 

cost per day.  nr   nr  92  nr   nr  92 nr, Euros 

median (IQR) (a) R - $15,082 ($6,263-

$41,488), S - $16,561 ($5,599-$47,028), 
p=0.36; (b) - R - $696/day ($469-

$990/day), S - $658/day ($444-

$1,003/day), p=0.69                               

Tumbarello M, 
2010. (83) 

Direct health care costs, "total 

expenditures incurred by the hospital to 
provide services or goods for each 

patient with a BSI." This included costs 

related to medical care, nursing care, 

pharmacy services, diagnostic testing, 

support services, other costs (eg 

utilities, admission/discharge costs, 
depreciation costs, overhead costs).  $   13,709   $16,312  37  $      8,683   $6,683  97 

2006, 
Euros p=0.03 
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7.21b) MDR                   

Riu M, 2016. 
(54) "Cost of the hospitalization episode."  $   16,754   nr  39  $    21,883   nr  145 

2012, 
Euros n/a 

Thaden JT, 

2017. (62) 

"Cost estimates include fixed direct 
costs and variable direct costs for all 

medical services received, inclusive of 

supplies, laboratory tests, drugs, dietary 
needs," salary and benefits (not 

physicians), overhead costs and 

depreciation. Physician fees were 
estimated using the Medicare physician 

fee schedule.  $   18,917   $29,394  165  $    14,776   $24,416  165 

2015, 

USD 

median (IQR) R - $9,527 ($5,915-
$19,648); S - $7503 ($4301-$13447); 

Means ratio 1.43; 95%CI 1.20-1.71; 

p<0.0001; multivariable generalized 
linear model with gamma distribution and 

log link adjusted for age, race, APACHE 

II score, gender, 8 different co-
morbidities, hospital-acquired vs 

community-acquired. 

SD – standard deviation; nr – not reported
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Appendix 7.22: Detailed results of GRADE assessment of primary outcomes for a systematic review evaluating whether the measures 

of health or healthcare system burden increase in humans with antimicrobial-resistant E. coli infections.1  

Burden of 

disease 

measure 

Type of 

antimicrobial 

resistance Risk of bias Inconsistency Publication bias Imprecision 

Other 

considerations2  

Certainty of 

evidence 

(GRADE) Comments 

30-day 
mortality 3GC-R 

No strong evidence to 
downgrade, with 

ROBINS-I:  Serious 

(11 studies); Moderate 
(12 studies) 

No serious inconsistency, 
study point estimates 

generally same only 1 is 

0.95 others all >1, 95% 
CIs overlap, I2 = 49% 

No strong evidence 

to downgrade, 

minimal 
publication bias  

No serious 

imprecision, very 
large sample size 

and 95% CI of sOR 

does not include 
null  

Strong 
association sOR 

2.02 (1.66-2.46) 

evidence to 
support upgrade 

⨁⨁⨁◯ 
MODERATE 

Evidence to support 

upgrading due to 
strong association 

and no evidence to 

support 
downgrading 

30-day 

mortality Quinolone  

No strong evidence to 

downgrade, with 
ROBINS-I:  Serious (5 

studies); Moderate (3 

studies) 

No serious inconsistency, 

study point estimates 
generally same all >1, 

95% CIs overlap, I2 = 

44% Unable to assess 

No serious 
imprecision, very 

large sample size 

(even with only 8 
studies) and 95% 

CI of sOR does not 

include null    
⨁⨁◯◯ 
LOW 

No evidence to 
support 

downgrading or 

upgrading 

30-day 

mortality MDR 

No strong evidence to 

downgrade, with 

ROBINS-I: Serious (2 
studies); Moderate (2 

studies) 

No serious inconsistency, 

study point estimates 
very similar, 95% CIs 

overlap, I2 = 0% Unable to assess 

No serious 

imprecision, large 
sample size (even 

with only 4 studies) 

and 95% CI of sOR 
does not include 

null    
⨁⨁◯◯ 
LOW 

No evidence to 

support 
downgrading or 

upgrading 

All-cause 

mortality 3GC-R 

No strong evidence to 

downgrade, with 

ROBINS-I: Critical (1 
study); Serious (21 

study); Moderate (29 

studies) 

No serious inconsistency, 

study point estimates 
generally same only 4 are 

≤ 1 others all >1, 95% 

CIs overlap, I2 = 56% 

No strong evidence 
to downgrade, 

minimal 

publication bias  

No serious 

imprecision, very 

large sample size 
and 95% CI of sOR 

does not include 

null  

Strong 

association sOR 
2.26 (1.90-2.68), 

evidence to 

support upgrade 
⨁⨁⨁◯ 
MODERATE 

Evidence to support 

upgrading due to 

strong association 
and no evidence to 

support 

downgrading 

All-cause 

mortality Quinolone  

No strong evidence to 

downgrade, with 

ROBINS-I: Serious (8 
studies); Moderate (8 

studies) 

No serious inconsistency, 

study point estimates 

generally same only 1 is 
0.68 others all >1, 95% 

CIs overlap, I2 = 44% 

Minimal 

publication bias, no 
strong evidence to 

downgrade 

No serious 

imprecision, very 

large sample size 

and 95% CI of sOR 
does not include 

null    
⨁⨁◯◯ 
LOW 

No evidence to 

support 
downgrading or 

upgrading 
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All-cause 

mortality MDR 

No strong evidence to 

downgrade, with 

ROBINS-I: Serious (3 
studies) Moderate (2 

studies) 

No serious inconsistency, 

study point estimates 

generally very similar, 
95% CIs overlap, I2 = 

0% Unable to assess 

No serious 

imprecision, large 
sample size (even 

with only 5 studies) 

and 95% CI of sOR 
does not include 

null    
⨁⨁◯◯ 
LOW 

No evidence to 

support 
downgrading or 

upgrading 

Bacterium-

attributable 

mortality  3GC-R 

No strong evidence to 

downgrade, with 

ROBINS-I: Serious (2 

studies); Moderate (1 

study) 

Serious inconsistency, 

study point estimates 

different Unable to assess 

Serious 

imprecision, small 

sample size and 

95% CI of sOR 

include null and is 

very wide    
⨁◯◯◯ 
VERY LOW 

Downgraded due to 

serious 

inconsistency and 

imprecision. No 

evidence to support 

upgrading. 

LOS 3GC-R 

No strong evidence to 
downgrade, with 

ROBINS-I: Moderate 
(5 studies) 

Serious inconsistency, 

one study's point 
estimates very different 

and the  95% CI does not 
overlap, I2 = 97%  Unable to assess 

Serious 

imprecision, small 
sample size  

Unable to assess 

strength of mean 
difference 

⨁◯◯◯ 
VERY LOW 

Downgraded due to 
serious 

inconsistency and 
imprecision. 

LOS Quinolone  

No strong evidence to 

downgrade, with 
ROBINS-I: Serious (1 

study); Moderate (2 

studies) 

Serious inconsistency, 

study point estimates 

different, I2 = 78.3% Unable to assess 

Serious 

imprecision, small 

sample size  

Unable to assess 

strength of mean 

difference 
⨁◯◯◯ 
VERY LOW 

Downgraded due to 
serious 

inconsistency and 

imprecision. 

Post-
infection 

LOS 3GC-R 

No strong evidence to 

downgrade, with 
ROBINS-I: Moderate 

(2 studies) 

No serious inconsistency, 

study point estimates are 
similar, 95% CIs overlap, 

I2 = 0% Unable to assess 

Serious 
imprecision, due to 

small sample size 

Strong 
association MD 

7.16 days (2.76-

11.57 days), 
evidence to 

support upgrade 
⨁◯◯◯ 
VERY LOW 

Downgraded due to 

serious imprecision. 
Evidence to support 

upgrading 

outweighed by 
evidence to support 

downgrading. 

3GC-R: third-generation cephalosporin resistance; CI: confidence interval; sOR: summary odds ratio; MD: mean difference  

1 For all of the outcomes and type of AMR there was no serious indirectedness, populations were comparable, exposures were the same and outcomes were direct    

2 Strong association sOR ≥ 2 or MD ≥ 5 days  
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Appendix 7.23: Proportion of E. coli bloodstream infections by region that were resistant to third-generation cephalosporins, 

ciprofloxacin, gentamicin, trimethoprim sulfamethoxazole, or meropenem and location of onset based on data from the multinational 

population-based cohort study (2014 to 2018) 

Region 

Proportion 

resistant to 3GC 

 (#R/Total) 

Proportion 

resistant to 

ciprofloxacin 

(#R/Total) 

Proportion 

resistant to 

gentamicin  

(#R/Total) 

Proportion 

resistant to TMS  

(#R/Total) 

Proportion 

resistant to 

meropenem 

(#R/Total) 

Proportion  

community-onset 

(Community-onset/Total) 

Proportion  

hospital-onset 

(Hospital-onset/Total) 

Calgary 17.8% (671/3773) 29.1% (1095/3770)  13.7% (517/3775)  30.8% (1167/3784)  0.1% (4/3780) 85.6% (3228/3773)   14.4% (545/3773)  

Canberra  11.1% (107/966) n/a n/a n/a n/a n/a n/a 

Finland 6.1% (1510/24629) n/a n/a n/a n/a 80.8% (19909/24629)  19.2% (4720/24629)  

Sherbrooke 6.5% (39/596) 13.1% (78/596)  6.4% (38/594)  16.0% (95/594)  0.2% (1/462) 89.3% (532/596)  10.7% (64/596)  

Skaraborg  6.5% (87/1347) 11.4% (154/1347)  7.0% (94/1347)  18.3% (246/1347)  0.07% (1/1347) 92.1% (1241/1347)  7.9% (106/1347)  

Western Interior 11.9%  (69/578) 25.6% (146/571)  9.2% (53/576)  23.3% (134/575)  0.0% (0/578) 87.7% (507/578)  12.3% (71/578)  

Total 7.8% (2483/31889) 23.4% (1473/6284)  11.2% (702/6292)  26.1% (1642/6300)  0.1% (6/6167) 82.2% (25417/30923)  17.8% (5506/30923)  

3GC – Third-generation cephalosporins; R – Resistant; TMS – Trimethoprim sulfamethoxazole; n/a – Data not available 
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Appendix 7.24: Counts of incident E. coli bloodstream infections, length of patient follow-up 

and crude rates of E. coli bloodstream infections based on data from a multinational population-

based cohort study (2014 to 2018) 

Region Count of incident 

E. coli BSI cases 

Length of follow-up 

in patient-years 

Crude Rate of 

E. coli BSI1 

Calgary 3773 8185926    46.1  

Canberra 966 2011356 48.0  

Finland 24629 27426758 89.8  

Sherbrooke 596 820430 72.7 

Skaraborg 1347 1319420 102.1  

Western Interior 578 924714 62.5    

Total 31889 40688604 78.4 

BSI – Bloodstream infection 

1Units for the rates are cases/100,000 person-years 
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Appendix 7.25: Directly age and sex standardized E. coli bloodstream infection incidence for 

overall, third-generation cephalosporin-resistant and susceptible E. coli bloodstream infections 

based on data from a multinational population-based cohort study (2014 to 2018). 

Variable 
Directly1 Standardized Rate2 (Rank3) 

Overall 3GC-R 3GC-S 

Region  

Calgary 66.7 (5)    12.2 (1) 54.5 (6) 

Canberra 72.7 (4) 7.8 (2) 64.9 (4) 

Finland 115.3 (1) 6.5 (4) 108.8 (1) 

Sherbrooke 75.8 (3)       5.0 (6) 70.8 (3) 

Skaraborg 93.6 (2)        6.0 (5) 87.6 (2) 

Western Interior 64.2 (6) 7.7 (3) 56.5 (5) 

Year  

2014 92.1 6.1 86.0 

2015 93.1 6.5 86.7 

2016 96.7 6.7 90.0 

2017 100.3 7.7 92.7 

2018 103.8 8.2 95.6 

Total  

Overall 97.4 7.1 90.3 

3GC-R – Third-generation cephalosporin-resistant; 3GC-S – Third-generation cephalosporin-

susceptible; CI – Confidence interval 

1Standard population – EU-28 2018 population  

2Units for the rates are cases/100,000 person-years 

3Relative ranking of rates for regions from highest (1) to lowest (6) 

  



 

 

272 

 

Appendix 7.26: The crude incidence rate ratios (95% confidence intervals and p-values) for the 

univariable negative binomial regression models estimating associations between E. coli 

bloodstream infection rates, and region, year, sex and age based on data from a multinational 

population-based cohort study (2014 to 2018) 

Variable IRR 95% CI p-value 

Region   0.490 

Finland 1.00 referent  

Calgary 0.62    0.33 – 1.18 0.146 

Canberra 0.77 0.40 – 1.45 0.415 

Sherbrooke 0.71    0.37 – 1.35 0.299 

Skaraborg 0.91    0.48 – 1.72 0.772 

Western Interior 0.56 0.29 – 1.07 0.079 

Year   0.999 

2014 1.00 referent  

2015 1.01 0.55 – 1.83 0.984 

2016 0.97 0.54 – 1.76 0.923 

2017 0.99    0.54 – 1.79 0.968 

2018 1.07    0.59 – 1.93 0.834 

Sex    

Female 1.00 referent  

Male 0.87 0.60 – 1.27 0.464 

Age Category    

<70-years-old 1.00 referent  

≥70-years-old 10.95 9.75 – 12.28 < 0.001 

IRR – Incidence rate ratio; CI – Confidence interval 
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Appendix 7.27: The crude odds ratios (95% confidence intervals and p-values) for the 

univariable logistic regression models estimating associations between having a third-generation 

cephalosporin-resistant E. coli bloodstream infection, and region, year, sex and age based on data 

from a multinational population-based cohort study (2014 to 2018) 

Variable OR 95% CI p-value 

Region   < 0.0001 

Finland 1.00 referent  

Calgary 3.31   3.00 – 3.65 <0.001 

Canberra 1.91 1.55 – 2.35 <0.001 

Sherbrooke 1.07    0.77 – 1.40 0.678 

Skaraborg 1.06    0.85 – 1.32 0.626 

Western Interior 2.08    1.61 – 2.68 <0.001 

Year   0.0010 

2014 1.00 referent  

2015 1.08    0.94 – 1. 25 0.272 

2016 1.12    0. 97 – 1.29 0.109 

2017 1.23    1.07 – 1.40 0.003 

2018 1.29    1.13 – 1.47 <0.001 

Sex    

Female 1.00 referent  

Male 1.70 1. 57 – 1.85 <0.0001 

Age Category    

<70-years-old 1.00 referent  

≥70-years-old 0.83 0.77 – 0.91 < 0.0001 

OR – Odds ratio; CI – Confidence interval
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Appendix 7.28: Proportion of E. coli bloodstream infection patients with 30-day mortality by 

region that were resistant to third-generation cephalosporins and location of onset based on data 

from the multinational population-based cohort study (2014 to 2018) 

Region 

Proportion 

resistant to 3GC 

 (#R/Total) 

Proportion  

community-onset 

(Community-onset/Total) 

Proportion  

hospital-onset 

(Hospital-onset/Total) 

Calgary 24.2% (109/450) 71.3% (321/450) 28.7% (129/450) 

Finland 9.3% (210/2252) 65.4% (1472/2252) 34.6% (780/2252) 

Sherbrooke 4.7% (2/43) 69.8% (30/43) 30.2% (13/43) 

Skaraborg 3.5% (5/142) 78.2% (111/142) 21.8% (31/142) 

Western Interior 13.5% (10/74) 71.6% (53/74) 28.4% (21/74) 

Total 11.4% (336/2961) 67.1% (1987/2961) 32.9% (974/2961) 

3GC – Third-generation cephalosporins; R – Resistant 



 

 

275 

 

Appendix 7.29: Counts of 30-day mortality and incident E. coli bloodstream infections, length of patient follow-up, case fatality risks, 

and crude mortality rates based on data from a multinational population-based cohort study (2014 to 2018) 

Region Count of 30-day 

mortality in      

E. coli BSI cases 

Count of incident 

E. coli BSI cases 

Length of follow-up 

(patient-years) 

Case fatality 

risk (%) 

Crude mortality rate 

(deaths/100,000 

person-years) 

Calgary 450 3773 8185926    11.9 5.5 

Finland 2252 24629 27426758 9.1 8.2 

Sherbrooke 43 596 820430 7.2 5.2 

Skaraborg 142 1347 1319420 10.5 10.8 

Western Interior 74 578 924714 12.8 8.0 

Total 2961 30923 38677248 9.6 7.7 

BSI – Bloodstream infection 
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Appendix 7.30: Directly age and sex standardized E. coli bloodstream infection mortality rates 

for overall, third-generation cephalosporin-resistant and susceptible E. coli bloodstream 

infections based on data from a multinational population-based cohort study (2014 to 2018) 

Variable 
Directly1 Standardized Mortality Rate2 (Rank3) 

Overall 3GC-R 3GC-S 

Region  

Calgary 8.9 (3) 2.0 (1) 6.9 (4) 

Finland 11.0 (1) 0.9 (3) 10.1 (1) 

Sherbrooke 5.4 (5) 0.3 (4) 5.1 (5) 

Skaraborg 9.6 (2) 0.3 (4) 9.2 (2) 

Western Interior 8.4 (4) 1.3 (2) 7.2 (3) 

Year  

2014 10.0 1.01 9.0 

2015 9.1 0.99 8.1 

2016 9.5 1.05 8.5 

2017 9.5 0.99 8.5 

2018 10.2 0.96 9.2 

Total  

Overall 9.7 1.0 8.7 

3GC-R – Third-generation cephalosporin-resistant; 3GC-S – Third-generation cephalosporin-

susceptible; CI – Confidence interval 

1Standard population – EU-28 2018 population  

2Units for the rates are deaths/100,000 person-years 

3Relative ranking of rates for regions from highest (1) to lowest (6) 
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Appendix 7.31: The crude incidence rate ratios (95% confidence intervals and p-values) for the 

univariable negative binomial regression models estimating associations between E. coli 

bloodstream infection 30-day mortality rates, and region, year, sex and age based on data from a 

multinational population-based cohort study (2014 to 2018) 

Variable IRR 95% CI p-value 

Region   0.572 

Finland 1.00 referent  

Calgary 0.95 0.43-2.07 0.895 

Sherbrooke 0.52 0.22-1.21 0.129 

Skaraborg 1.02 0.46-2.26 0.955 

Western Interior 0.82 0.36-1.86 0.635 

Year   0.978 

2014 1.00 referent  

2015 0.83 0.36-1.89 0.653 

2016 0.78 0.34-1.78 0.556 

2017 0.83 0.36-1.88 0.650 

2018 0.92 0.41-2.10 0.850 

Sex    

Female 1.00 referent  

Male 1.05 0.63-1.78 0.837 

Age Category    

<70-years-old 1.00 referent  

≥70-years-old 19.39 16.57-22.70 <0.001 

IRR – Incidence rate ratio; CI – Confidence interval 
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Appendix 7.32: The crude odds ratios (95% confidence intervals and p-values) for the 

univariable logistic regression models estimating associations between 30-day mortality in E. 

coli bloodstream infections, and region, year, location of inset, third-generation cephalosporin 

resistance, sex and age based on data from a multinational population-based cohort study (2014 

to 2018) 

Variable OR 95% CI p-value 

Region   < 0.001 

Finland 1.00 referent  

Calgary 1.35 1.21-1.50 <0.001 

Sherbrooke 0.77 0.56-1.06 0.107 

Skaraborg 1.17 0.98-1.40 0.084 

Western Interior 1.46 1.14-1.87 0.003 

Year   0.166 

2014 1.00 referent  

2015 0.90 0.80-1.02 0.097 

2016 0.92 0.81-1.04 0.167 

2017 0.87 0.77-0.98 0.020 

2018 0.88 0.78-0.99 0.036 

Location of Onset    

Community-onset 1.00 referent  

Hospital-onset 2.53 2.33-2.75 <0.001 

3GC-R    

Susceptible 1.00 referent  

Resistant 1.63 1.44-1.84 <0.001 

Sex    

Female 1.00 referent  

Male 1.49 1.38-1.61 <0.001 

Age Category    

<70-years-old 1.00 referent  

≥70-years-old 1.80 1.65-1.96 <0.001 

OR – Odds ratio; CI – Confidence interval



 

 

279 

 

Appendix 7.33: Details of bacterial species cultured from polymicrobial bloodstream infections 

based on data from a population-based cohort study in the western interior area of British 

Columbia, Canada (April 2010 to December 2018) 

Details of Polymicrobial Bloodstream Infections (BSIs) 
Number of 

Incident BSIs 

BSIs with two bacterial species  

E. coli & Kebsiella spp. 18 

E. coli & Enterococcus spp. 9 

E. coli & Pseudomonas spp.  6 

E. coli & Staphylococcus spp. 6 

E. coli & Streptococcus spp. 6 

E. coli & Bacteroides spp.  4 

E. coli & Clostridium spp. 3 

E. coli & Enterobacter spp. 2 

E. coli & Gamella haemolysins 1 

E. coli & Peptoniphilus asaccharolytics 1 

E. coli & Desulfovibrio desulfuricans 1 

E. coli & Proteus mirabilis 1 

BSIs with three bacterial species  

E. coli, Klebsiella spp., & Enterococcus casseliflavus 2 

E. coli, Pseudomonas aeruginosa, & Klebsiella oxytoca 1 

E. coli, Pseudomonas aeruginosa, & anaerobic gram negative bacilli 1 

E. coli, Klebsiella pneumoniae, & Klebsiella oxytoca 1 

E. coli, Morganella morganii, & Klebsiella oxytoca 1 

E. coli, Enterococcus faecalis, & Proteus mirabilis 1 

E. coli, Bacteroides fragilis, & anaerobic gram positive bacilli 1 

E. coli, Eggerthella lenta, & Parvimonas micra 1 

BSIs with four bacterial species  

E. coli, Klebsiella oxytoca, Citrobacter amalonaticus & Aeromonas spp.  1 
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Appendix 7.34: The odds ratios (95% confidence intervals and p-values) for the univariable 

logistic regression models estimating the associations between the explanatory variables and 30-

day mortality in E. coli bloodstream infections based on data from a population-based cohort 

study in the western interior area of British Columbia, Canada (April 2010 to December 2018)1 

Variable OR 95% CI p-value 

Age category    

<65-years-old 1 Referent  

≥65-years-old 2.49 1.51-4.09 <0.001 

Sex    

Female 1 Referent  

Male 1.43 0.95-2.16 0.089 

Polymicrobial    

Monomicrobial 1 Referent  

Polymicrobial 3.43 1.93-6.11 <0.001 

Antimicrobial resistance    

Non-ESBL 1 Referent  

ESBL 0.80 0.35-1.80 0.582 

Ciprofloxacin-susceptible 1 Referent  

Ciprofloxacin-resistant 0.95 0.58-1.56 0.845 

Non-MDR 1 Referent  

MDR 0.67 0.39-1.15 0.144 

Location of onset   <0.001 

Community-acquired 1 Referent  

Healthcare-acquired 2.96 1.71-5.12 <0.001 

Hospital-onset 8.14 4.29-15.45 <0.001 

Focus of infection    

Urogenital 1 Referent  

Non-urogenital 5.11 3.28-7.98 <0.001 

Charlson comorbidity index    

<3 1 Referent  

≥3 3.74 2.45-5.71 <0.001 

Season   0.285 

Spring 1 Referent  

Summer 0.66 0.36-1.22 0.184 

Fall 1.16 0.67-2.02 0.595 

Winter 1.00 0.55-1.81 0.993 
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Year   0.771 

2010 1 Referent  

2011 1.08 0.32-3.72 0.902 

2012 1.37 0.43-4.42 0.597 

2013 1.29 0.40-4.14 0.666 

2014 1.32 0.44-3.97 0.620 

2015 2.02 0.71-5.74 0.188 

2016 2.12 0.73-6.15 0.165 

2017 1.74 0.60-5.04 0.309 

2018 1.81 0.65-5.06 0.258 

Individual Comorbidities    

Diabetes mellitus     

Absent 1 Referent  

Present 0.66 0.38-1.14 0.137 

Cancer    

Absent 1 Referent  

Present 2.25 1.43-3.53 <0.001 

Chronic pulmonary disease    

Absent 1 Referent  

Present 1.64 0.97-2.78 0.064 

Congestive heart failure    

Absent 1 Referent  

Present 4.06 2.42-6.81 <0.001 

Myocardial infarction    

Absent 1 Referent  

Present 1.94 1.04-3.63 0.039 

Dementia    

Absent 1 Referent  

Present 2.34 1.29-4.24 0.005 

Renal disease    

Absent 1 Referent  

Present 1.85 0.94-3.61 0.073 

Cerebrovascular disease    

Absent 1 Referent  

Present 2.30 1.17-4.52 0.016 

OR – Odds ratio; CI – Confidence interval; ESBL – Extended-spectrum β-lactamase;  

MDR – Multidrug-resistant; BSI – Bloodstream infection 

 
1 Logistic regression model fitted with generalized estimating equation using exchangeable correlation 

structure to account for lack of independence from some patients having more than one incident BSI 
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Appendix 7.35: Median post-infection length of stay in incident E. coli bloodstream infections 

that survived to discharge stratified by demographic and bloodstream infection characteristics 

based on data from a population-based cohort study in the western interior area of British 

Columbia, Canada (April 2010 to December 2018) 

Characteristic Post-infection LOS, median (IQR) 

Age category  

< 65-years-old 6 (3-10) 

≥ 65-years-old 7 (4-12) 

Sex  

Female 6 (4-11) 

Male 6 (4-11) 

Polymicrobial  

Monomicrobial 6 (4-11) 

Polymicrobial 8 (4-17) 

Antimicrobial resistance  

Non-ESBL 6 (4-10) 

ESBL 9 (5-15) 

Ciprofloxacin-susceptible 6 (4-10) 

Ciprofloxacin-resistant 6 (4-13) 

Non-MDR 6 (4-10) 

MDR 6 (4-13) 

Location of onset  

Community-acquired 5 (3-9) 

Healthcare-acquired 7 (4-11) 

Hospital-onset 17 (7-31) 

Focus of infection  

Urogenital 6 (4-10) 

Non-urogenital 7 (4-13) 

Charlson comorbidity index  

<3 6 (4-9) 

≥3 9 (5-17) 

LOS – Length of hospital stay; IQR – Interquartile range; ESBL – Extended-spectrum β-lactamase;  

MDR – Multidrug-resistant  
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Appendix 7.36: The odds ratios (95% confidence intervals and p-values) for the univariable 

logistic regression models estimating the associations between the explanatory variables and 

long post-infection length of hospital stay in E. coli bloodstream infections based on data from a 

population-based cohort study in the western interior area of British Columbia, Canada (April 

2010 to December 2018)1 

Variable OR 95% CI p-value 

Age category    

<65-years-old 1 Referent  

≥65-years-old 1.34 0.93-1.93 0.122 

Sex    

Female 1 Referent  

Male 1.04 0.73-1.48 0.843 

Polymicrobial    

Monomicrobial 1 Referent  

Polymicrobial 1.83 0.98-3.41 0.059 

Antimicrobial resistance    

Non-ESBL 1 Referent  

ESBL 2.45 1.40-4.30 0.002 

Ciprofloxacin-susceptible 1 Referent  

Ciprofloxacin-resistant 1.54 1.04-2.26 0.029 

Non-MDR 1 Referent  

MDR 1.57 1.06-2.33 0.026 

Location of onset   <0.001 

Community-acquired 1 Referent  

Healthcare-acquired 1.52 1.02-2.28 0.041 

Hospital-onset 7.26 4.09-12.90 <0.001 

Focus of infection    

Urogenital 1 Referent  

Non-urogenital 1.42 0.99-2.04 0.060 

Charlson comorbidity index    

<3 1 Referent  

≥3 2.31 1.59-3.35 <0.001 

Season   0.617 

Spring 1 Referent  

Summer 0.81 0.51-1.31 0.393 

Fall 0.72 0.44-1.19 0.203 

Winter 0.90 0.54-1.49 0.684 
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Year   0.352 

2010 1 Referent  

2011 1.55 0.61-3.98 0.361 

2012 1.34 0.52-3.46 0.541 

2013 1.42 0.57-3.58 0.452 

2014 1.92 0.82-4.53 0.134 

2015 2.15 0.92-5.01 0.077 

2016 2.21 0.93-5.28 0.073 

2017 1.08 0.44-2.66 0.871 

2018 1.30 0.55-3.06 0.545 

Individual Comorbidities    

Diabetes mellitus     

Absent 1 Referent  

Present 1.58 1.07-2.33 0.023 

Cancer    

Absent 1 Referent  

Present 0.88 0.56-1.37 0.571 

Chronic pulmonary disease    

Absent 1 Referent  

Present 1.59 1.00-2.53 0.051 

Congestive heart failure    

Absent 1 Referent  

Present 3.67 2.15-6.24 <0.001 

Myocardial infarction    

Absent 1 Referent  

Present 1.25 0.67-2.31 0.482 

Dementia    

Absent 1 Referent  

Present 1.85 1.06-3.22 0.031 

Renal disease    

Absent 1 Referent  

Present 1.63 0.86-3.09 0.132 

Cerebrovascular disease    

Absent 1 Referent  

Present 2.51 1.27-4.94 0.008 

OR – Odds ratio; CI – Confidence interval; ESBL – Extended-spectrum β-lactamase; MDR – Multidrug-

resistant; BSI – Bloodstream infection  

 
1 Logistic regression model fitted with generalized estimating equation using exchangeable correlation 

structure to account for lack of independence from some patients having more than one incident BSI 


