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Abstract

Members of the order Enterobacterales, including Escherichia coli, Klebsiella species and Enterobacter species, are important patho-
gens in healthcare- associated infections. Higher mortality has been reported from infections due to Klebsiella pneumoniae than 
from E. coli, but prior studies comparing Enterobacter aerogenes (recently renamed Klebsiella aerogenes) bacteraemia and Entero-
bacter cloacae complex bacteraemia have yielded conflicting results regarding whether clinical outcomes differ. We found bacte-
raemia with K. aerogenes was independently associated with greater risk of 30- day mortality than bacteraemia with Enterobacter 
cloacae complex.

DATA SUMMARY
The authors confirm all supporting data and protocols have been provided within the article or through supplementary data files. 
One supplementary figure and two supplementary tables are available with the online version of this article.

INTRODUCTION
Enterobacter species, the fourth most common cause of Gram- negative bloodstream infections, are responsible for a potential nationwide 
‘second epidemic’ of carbapenem- resistant Enterobacteriaceae [1, 2]. A prior study found a higher risk of mortality with Klebsiella pneumo-
niae infections than Escherichia coli infections, and concluded that genus and species should be considered as a variable when analysing 
clinical outcomes in infections due to members of the order Enterobacterales (e.g. E. coli, Klebsiella spp. and Enterobacter spp.) [3]. Analyses 
comparing Klebsiella aerogenes and Enterobacter cloacae complex (ECC) have yielded conflicting results (Table S1, available in the online 
version of this article). Transplant and cancer patients in the Republic of Korea with K. aerogenes infections had higher mortality than 
those with ECC infections [4, 5]. Subsequent studies reported varying results; one study indicated that infections by K. aerogenes were 
associated with poor clinical outcomes relative to ECC, one reported no difference in clinical outcomes between K. aerogenes and ECC 
infections, and one reported higher mortality in patients infected with ECC than with K. aerogenes [6–8].

The possibility that clinical outcomes can differ by species is accentuated by the recent nomenclature update that effectively renamed 
Enterobacter aerogenes as K. aerogenes [9], but this name change has not been widely accepted by medical microbiologists and it remains 
unclear whether this nomenclature change should be adopted by clinicians and medical microbiologists [10]. An inducible, chromosom-
ally encoded ampC gene is one mechanism of antimicrobial resistance that is shared between the two species. Given the recent atten-
tion to Enterobacter species and the increasing incidence of carbapenem- resistant Enterobacter in healthcare [1], we sought to identify 
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characteristics associated with 30- day all- cause mortality in patients with Klebsiella/Enterobacter aerogenes bacteraemia (KAB) or ECC 
bacteraemia (ECCB).

METHODS
Study design
This was a single- centre retrospective cohort study to identify risk factors for 30- day all- cause mortality in patients with Enterobacter 
spp. bloodstream infections. The study included subjects who underwent medical care at the Michael E. DeBakey VA Medical Center 
in Houston, Texas, USA, from 1 January 2012 to 30 June 2019. This study was approved by the local Institutional Review Board under 
protocol H- 12042.

Patient population
Study subjects had at least one positive blood culture that grew K. aerogenes or ECC and documentation of an infection by the treating 
clinician. Exclusion criteria included: polymicrobial bloodstream infection, concurrent infection with a different organism, incomplete 
microbiology testing, post- mortem blood cultures and positive blood cultures deemed to be contaminant by the treating clinician. Only the 
first eligible episode of KAB or ECCB was included for analysis. Eligible study subjects were identified by querying TheraDoc (Document 
Storage Systems, Inc., Juno Beach, FL, USA).

Clinical variables
Extracted electronic health record data included: age, sex, date of death or last follow- up, setting of treatment at onset of bloodstream infec-
tion, neutropenia (as defined as an absolute neutrophil count <500 cells µl−1), variables included in the Charlson comorbidity index [11–13], 
variables included in the Pitt bacteraemia score [13, 14], receipt of solid organ or haematopoietic stem cell transplant (defined in accordance 
with the American Society for Transplantation and Cellular Therapy guidelines) [15] and date of hospital admission. Microbiological data 
included dates of all bacterial cultures, the specimen type that was cultured (e.g. blood, urine, sputum, etc.), the organism identified in 
positive cultures and antibiotic susceptibility testing (AST) results. Treatment variables collected included: antibiotic agents administered 
while hospitalized, outpatient antibiotic prescriptions, source of infection and control of the source of infection (e.g. removal of an infected 

Table 1. Clinical and microbiological characteristics of patients with Enterobacter spp. bacteraemia

Characteristic Total
n=67

E. cloacae
n=53

K. aerogenes
n=14

P value*

Age, median years (IQR) 68 62–77 67 63–76 68.5 50–84 0.71

Male (%) 65 97 52 98 13 93 0.38

CCI, age adjusted, median (IQR) 7 4–8 6 4–9 7 5–7 0.67

CCI, without age adjustment, median (IQR) 4 2–6 4 2–6 3.5 2–6 0.95

Transplant (%) 3 5 2 4 1 7 0.51

Cancer (%) 23 34 21 40 2 14 0.11

Neutropenia (%) 1 2 1 2 0 0 1.00

PBS, median (IQR) 2 1.5–3.0 2 1–3 3 2–4 0.23

ICU care (%) 22 33 18 34 4 29 1.00

ID consult (%) 25 37 19 36 6 43 0.76

Antibiotic duration, median days (IQR) 13 9–16 13 9–15 14 10–16 0.56

Short treatment duration (%) 23 35 19 36 4 31 1.00

Inappropriate empirical therapy (%) 2 3 2 4 0 0 1.00

Carbapenem therapy (%) 15 22 12 23 3 21 1.00

Urinary source (%) 21 31 16 30 5 36 0.75

Source control (%) 63 94 50 94 13 93 1.00

Persistent bacteraemia (%) 3 5 3 6 0 0 1.00

Discordant carbapenem susceptibility (%) 10 15 6 11 4 29 0.20

30- day mortality (%) 10 15 4 8 6 43 0.004

*Comparing E. cloacae vs K. aerogenes.
CCI, Charlson comorbidity index; ICU, care in an intensive care unit within 24 hours of first positive blood culture; ID, infectious diseases service; IQR, interquartile range; PBS, Pitt bacteraemia score.
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device, drainage of an abscess, etc.). Short treatment duration was a dichotomized variable defined as antibiotic therapy for ≤10 days [16]. 
Persistent bacteraemia was defined as a positive blood culture with the same organism >48 h after the index positive blood culture [17].

Microbiology
Bacterial species were identified using the VITEK MS system [18] and AST was performed using the VITEK 2 system (bioMérieux, 
Inc., Durham, NC, USA) using cards AST- GN52 and AST- GN67 [19–22]; imipenem and ertapenem were included in both cartridges. 
Minimum inhibitory concentrations (MICs) were interpreted according to the breakpoints of the Clinical and Laboratory Standards 
Institute M100- ED29 : 2019 [23]. Discordant carbapenem susceptibility was defined as an isolate that tested as non- susceptible to one 
carbapenem and susceptible to a different carbapenem [24, 25]. Inappropriate empirical antimicrobial therapy was defined using previously 
published criteria; specifically, antimicrobial therapy was considered inappropriate if the organism recovered from the blood culture was 
resistant to the empirically prescribed antimicrobial agent [26].

Statistical analysis
The primary outcome of the study was 30- day all- cause mortality. Categorical data were compared using the chi- squared test and Fisher’s 
exact test. Continuous data were compared using the Mann–Whitney U test. Exact tests were used where any estimated occurrence was 
five or less. The Charlson comorbidity index and Pitt bacteraemia score were analysed as integers, and the unadjusted odds ratio (OR) of 
each increase of one point was calculated using exact logistic regression. The multivariable logistic regression model included factors that 
had a P<0.20 in univariate analyses and did not have colinearity. Exact multiple logistic regression was used to calculate the adjusted odds 
ratios (aORs) to identify factors independently associated with mortality. All confidence intervals (CIs) were 95 %, P values were two- tailed, 
and P<0.05 was considered statistically significant. Data were analysed using STATA IC version 15.1 (StataCorp, College Station, TX, USA).

RESULTS
Study population
Our study found 95 episodes of KAB/ECCB, with 67 episodes meeting study eligibility criteria (Fig. S1). The KAB and ECCB groups 
were balanced (Table 1) in their median ages, sex, median Charlson comorbidity index scores [11–13], median Pitt bacteraemia scores 
[13, 14], source control of infection (i.e. was the infectious source appropriately addressed through removal of the infected device or 
surgical drainage), urinary origin of bacteraemia, infectious diseases service consultation, care in intensive care units, median antibiotic 
durations, therapy with carbapenems, inappropriate empirical antimicrobial therapy [26] and persistent bacteraemia for >48 h [17]. Blood 
cultures grew ECC in 79.1 % and K. aerogenes in 20.9 % of study subjects. The two groups were similar in the proportion of isolates that 
were carbapenem intermediate and carbapenem resistant, and those that had discordant carbapenem susceptibilities (see Table S2 for 
detailed AST results). Sixty- three subjects had follow- up blood cultures. One patient in the K. aerogenes group transferred medical facilities 

Table 2. Variables associated with 30- day mortality

Odds ratio 95 % CI P value Adjusted odds ratio 95 % CI P value*

K. aerogenes 9.19 1.67–52.65 0.004 10.81 1.24–151.96 0.03

Source control 0.04 <0.01–0.65 0.009 0.03 <0.01–0.77 0.03

Discordant carbapenem susceptibility 5.67 0.88–32.30 0.04 4.31 0.30–112.53 0.45

Urinary source 0.21 <0.01–1.71 0.15 0.07 <0.01–2.27 0.27

PBS 1.31 0.89–1.93 0.17 1.50 0.82–3.07 0.22

CCI, age adjusted 1.16 0.88–1.55 0.32 – – –

CCI, without age adjustment 1.14 0.84–1.57 0.43 – – –

Cancer 0.79 0.12–3.98 1.00 – – –

ICU care 0.86 0.13–4.32 0.57 – – –

ID consult 1.14 0.21–5.47 1.00 – – –

Short treatment duration 2.11 0.42–10.36 0.30 – – –

Inappropriate empirical therapy <0.01 0–11.70 1.00 – – –

Carbapenem therapy 1.61 0.23–8.42 0.68 – – –

Persistent bacteraemia 3.79 0.06–79.47 0.34 – – –

*Calculated using exact statistical tests.
CCI, Charlson comorbidity index; CI, confidence interval; ICU, care in an intensive care unit within 24 hours of first positive blood culture; ID, infectious diseases service; PBS, Pitt bacteraemia score.
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during therapy, therefore that subject’s therapy duration was not available for analysis; the patient’s other exposure and outcome variables 
were accessible and were included in analyses.

Associations with 30-day mortality
Thirty- day mortality was greater in patients with KAB than ECCB (42.9 vs 7.6 %). On univariate analysis (Table 2), KAB (OR 9.19, P=0.004) 
and discordant carbapenem susceptibility (OR 5.67, P=0.04) were associated with mortality at 30 days, while source control (OR 0.04, 
P=0.009) was protective. Urine as the infection source (OR 0.21, P=0.15) and Pitt bacteraemia score (OR 1.31, P=0.17) did not meet the 
cutoff for statistical significance (P<0.05) but did meet the threshold for inclusion in the multivariate model (P<0.20).

A multivariate logistic regression model using exact methods was generated to identify factors independently associated with 
30- day mortality (Table 2). Bacteraemia with K. aerogenes, source control, discordant carbapenem susceptibility, urinary source 
and Pitt bacteraemia score were included in this model. K. aerogenes bacteraemia (aOR 10.81, P=0.03) and source control (aOR 
0.03, P=0.03) were the only factors independently associated with 30- day mortality.

Exact statistical methods were used to avoid overfitting with small samples. We also undertook sensitivity analyses to mitigate 
the risk of model overfitting by removing variables with low event rates or variables that did not meet P<0.05 from the models. 
Infection with KAB remained an independent factor associated with 30- day mortality in these sensitivity analyses, even when 
source control was removed from the model (aOR 8.58, 95 % CI: 1.28–73.88, P=0.02) and in the model using only variables with 
P<0.05 on univariate analysis (aOR 10.73, 95 % CI: 1.46–130.83, P=0.02).

DISCUSSION
In this Veterans Health Administration cohort of patients with KAB/ECB infections, we show that KAB, compared to ECCB, was inde-
pendently associated with 30- day mortality. Our findings add to the growing body of evidence comparing clinical outcomes between KAB 
and ECCB (Table S1). Two prior studies found that KAB was more likely (31 vs 16 %; 13 vs 4 %) to be associated with increased mortality 
than ECCB [4, 5]. A different study [6], however, revealed that KAB was associated with worse clinical outcomes (70 and 40 % for KAB 
and ECCB, respectively). This latter study used a composite outcome of in- hospital mortality, recurrent bloodstream infection and/or 
bloodstream infection complication [6]. Two additional studies found either no difference or lower mortality for KAB [7, 8]. One of these 
publications [7] that found lower mortality associated with KAB than ECCB permitted third- generation cephalosporins as appropriate 
antimicrobial therapy, a practice not consistent with current guidance from the Infectious Diseases Society of America [27]. The prior 
studies (Table S1) also examined different clinical endpoints (e.g. 30- day mortality, poor clinical outcome, bloodstream- related mortality, 
etc.) and controlled for different patient characteristics.

Retrospective studies have inherent limitations. First, our study design is subject to potential unmeasured confounding variables, even 
though the measured clinical characteristics of the two groups were balanced. By controlling for known clinical and treatment factors 
(e.g. acute illness severity using Pitt bacteraemia score, chronic comorbidities using the Charlson comorbidity index, antimicrobial class/
duration, etc.), we attempted to mitigate the risk of unmeasured confounding variables. Second, we reduced the risk of type I errors that 
could arise from a small- to- medium size study [28] by using exact statistical methods (i.e. Fisher’s exact test, exact logistic regression) 
rather than using asymptotic measures [29, 30], and by applying nonparametric and semiparametric tests. Third, the study also may have 
been underpowered to detect other potential variables associated with 30- day mortality, although their effect sizes would be expected to 
be less than what we detected and to have less clinical and laboratory importance. Larger studies with more diverse patient populations, 
particularly women and younger patients, are still needed.

In summary, we found that bloodstream infection by K. aerogenes, compared to bloodstream infection by ECC, was inde-
pendently associated with 30- day mortality. Overall, these data are supportive, but not yet conclusive, that clinical outcomes 
differ between KAB and ECCB, and that, for now, future studies should include the genus/species of pathogens as variables 
when analysing clinical outcomes.
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