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Background. The difference in clinical outcomes between Klebsiella aerogenes (formerly Enterobacter aerogenes) bacteremia 
(KAB) and Enterobacter cloacae complex bacteremia (ECB) is controversial.

Methods. We compared the clinical outcomes of patients with KAB and ECB and examined the risk factors associated with mor-
tality. We conducted a retrospective case-control study of hospitalized patients with monobacterial KAB and ECB between January 
2011 and June 2020. The primary outcome measure was 30-day all-cause mortality. Multiple logistic regression and propensity-
score (PS) matching were used to identify independent risk factors for mortality. The models included demographic characteristics, 
comorbidities, recent healthcare contact, patient status at the onset of bacteremia, and severity of infection as covariates.

Results. A total of 282 patients with KAB or ECB were included, among whom 194 patients were selected after PS matching. The 
30-day all-cause mortality rate was higher in the ECB group than in the KAB group (24.1% vs 10.6%, P = .003). In a multivariable 
model, ECB was an independent risk factor for 30-day mortality in both overall and PS-matched cohorts (adjusted odds ratio, 3.528; 
95% confidence interval, 1.614–7.714; P = .002). Stay in the intensive care unit at the onset of bacteremia and higher Pitt bacteremia 
score were found to be independent risk factors for 30-day mortality.

Conclusions. In our study, mortality was significantly higher in patients with ECB than in those with KAB. Further studies are 
warranted to clarify the virulence mechanisms of E cloacae complex.

Keywords.  bacteremia; Enterobacter cloacae complex; Klebsiella aerogenes.

Enterobacter is a genus of Gram-negative, facultatively anaer-
obic, rod-shaped, nonspore-forming bacteria of the family 
Enterobacterales. Enterobacter species are associated with 
wound, intra-abdominal, respiratory, urinary, and bloodstream 
infections, representing an increasingly important nosocomial 
pathogen [1]. These species have intrinsic resistance to peni-
cillin and early cephalosporin mediated by a chromosomal 
(ampC) beta-lactamase, and further resistance is rapidly in-
duced upon exposure to beta-lactams, resulting in limited ther-
apeutic options [2, 3].

 Whole genome sequence-based bacterial phylogenetics 
demonstrated that Enterobacter aerogenes is more closely 

related to Klebsiella pneumoniae than other Enterobacter spe-
cies. Therefore, the species formerly known as E aerogenes was 
reclassified as Klebsiella aerogenes [4]. However, the differences 
in clinical outcomes between infections caused by K aerogenes 
and other Enterobacter species are unclear.

 Some studies have suggested a difference in clinical out-
comes between K aerogenes bacteremia (KAB) and Enterobacter 
cloacae complex bacteremia (ECB). However, inconsistent re-
sults have been reported for the mortality of KAB and ECB in 
previous studies. In one study, there was no significant differ-
ence in overall in-hospital mortality between KAB and ECB; in 
contrast, bacteremia-related mortality was higher in KAB than 
ECB [5]. However, another study reported that there was no sig-
nificant difference in both all-cause mortality and bacteremia-
attributable mortality [6].

The purpose of this study was to compare the clinical out-
comes of patients with KAB and ECB and to elucidate the risk 
factors associated with poor prognosis.

METHODS

Study Design and Patient Population

A retrospective, single-center, case-control study was conducted 
at the Samsung Medical Center, a tertiary-care hospital in the 
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Republic of Korea. Study subjects included hospitalized adults 
(aged ≥18 years) who had at least 1 positive blood culture for K 
aerogenes or E cloacae complex between January 2010 and June 
2020. Only the first episode of bacteremia in each patient during 
the study period was included. Patients with polymicrobial bac-
teremia or whose cultures were drawn in an outpatient setting 
were excluded. Each case of KAB was matched with one age- 
and sex-matched case of ECB, with priority to the temporally 
closest episode of bacteremia. 

Patient Consent Statement

This study was approved by the Institutional Review Board 
(IRB) of Samsung Medical Center (IRB No. 2020-12-096-001) 
with waiver of consent.

Microbiological Methods

For species identification and antimicrobial susceptibility 
testing, a VITEK II automated system (bioMérieux, Marcy-
l’Étoile, France) was used, utilizing a standard identifica-
tion card and the modified broth microdilution method. 
Susceptibility was determined according to the recommenda-
tions of the Clinical and Laboratory Standards Institute 
guidelines [7]. Intermediate susceptibility was considered as 
resistance. Phenotypic or genetic tests for extended-spectrum 
beta-lactamase production were not performed according to 
the routine protocol of our institution.

Data Collection

We retrospectively collected the following data from medical 
records: age, sex, comorbid medical conditions, Charlson co-
morbidity index [8], source of infection, healthcare-associated 
acquisition, administration of immunosuppressive drugs, sur-
gery within 3 months before the onset of bacteremia, and em-
pirical and definitive antimicrobial regimens, duration of 
bacteremia, duration of susceptible antibiotic administration, 
susceptibility to antibiotics, and source control procedure. Other 
conditions when the blood culture was taken were also reviewed, 
including presentation with septic shock, Pitt bacteremia score 
[9], presence of an indwelling catheter, mechanical ventilation, 
tracheostomy, and hemodialysis. The primary outcome measure 
was 30-day all-cause mortality. The secondary outcome measure 
was the infection-attributable mortality at 30 days. In addition, 
the clinical response after 14 days was assessed.

Definition

Healthcare-associated infection was defined as bacteremia that 
occurred ≥48 hours after admission, ≤2 weeks after discharge, 
or that occurred in patients with prior healthcare contact [10]. 
Prior healthcare contact is defined as the presence of the fol-
lowing in the preceding 3  months: hospitalization for more 
than 2  days, residence in a nursing home or other long-term 
care facilities, receipt of home infusion therapy or home wound 

care, and chronic dialysis [11]. Active cancer was defined as any 
type of cancer (except basal cell or squamous cell carcinoma 
of the skin, or primary brain tumor) that met at least 1 of the 
following: diagnosis within 6 months before the onset of bacte-
remia, receiving anticancer treatment at the time of bacteremia, 
any treatment for cancer during the 6  months before bacte-
remia, or recurrent locally advanced or metastatic cancer [12]. 
The administration of immunosuppressive drugs was defined as 
exposure to doses greater than the equivalent of 20 mg of pred-
nisone per day for more than 14 days or antineoplastic chemo-
therapy within the previous month. Prior antibiotic exposure 
was defined as exposure to antibiotics within 90 days before the 
onset of bacteremia. Septic shock was defined as sepsis with 
systolic blood pressure <90 mmHg that did not respond to ad-
equate fluid resuscitation and required the use of a vasopressor 
[13]. Patients without any identifiable source of infection were 
classified as having primary bacteremia. Catheter-related infec-
tions were defined using guidelines from the Infectious Disease 
Society of America (IDSA) [14].

Empirical antibiotic therapy was defined as initial antibiotic 
therapy started within 24 hours after blood culture. Definitive 
antibiotic therapy was defined as antibiotics administered 
within 24 hours after the result of blood culture, and antibiotic 
susceptibility tests have been reported. Antibiotic therapy was 
considered appropriate if the isolate was susceptible to any of 
the antibiotics administered at the optimal doses and route of 
administration. The duration of antibiotic therapy was defined 
as the period of administration of susceptible antibiotics from 
the date of initial positive blood culture. Source control was 
defined as an adequate removal or drainage of the focus of in-
fection, which included removal of the indwelling catheter in 
catheter-related infection, insertion of a percutaneous urinary 
catheter, percutaneous or endoscopic biliary drainage, and per-
cutaneous drainage/aspiration of abscess. Primary bacteremia 
or urinary tract infection that did not require such intervention 
was considered to have controlled the source.

Clinical response was classified as complete response (res-
olution of fever, bacteremia, and all other signs of infection), 
partial response (improvement of the above, but not complete 
resolution), and treatment failure (persistent fever or bacte-
remia, clinical deterioration, or death). Mortality attributable to 
bacteremia was defined as death with positive blood cultures for 
K aerogenes or E cloacae complex or persistent signs or symp-
toms of infection, but no other definitive causes of death. The 
duration of bacteremia was calculated only in cases in which 
follow-up blood cultures were taken within 72 hours after the 
initial positive culture, as the time interval from the initial pos-
itive culture to the first negative culture.

Statistical Analysis

Categorical variables were compared using Pearson’s χ 2 test 
or Fisher’s exact test. Continuous variables were compared as 
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the mean ± standard deviation or median (interquartile range) 
using a 2-sample Student t test or the Mann-Whitney U test. 
The crude 30-day all-cause mortality of patients with KAB 
and ECB was compared using the Kaplan-Meier curve with a 
log-rank test.

A multiple logistic regression model was used to identify 
independent risk factors associated with mortality in patients 
with KAB and ECB in both the original and propensity score 
(PS)-matched cohorts. Variables with a P value less than .20, 
in the univariable analysis, were subjected to further selection 
using a backward logistic procedure.

Propensity score matching was conducted to further mitigate 
the differences in baseline characteristics between patients with 
KAB and those with ECB (Supplementary Table 1). Each PS was 
calculated using a multivariable logistic regression model in 
which the dependent variable was a binary indicator of KAB or 
ECB. Covariates with a P < .2, as determined by univariate anal-
ysis, were used to generate the PS, which included underlying 
renal disease, administration of immunosuppressive therapy or 
corticosteroids within 30 days, active cancer, intensive care unit 
care, healthcare-associated infection, primary bacteremia, and 
urinary tract infection. In addition, age and sex were included 
in the matching variables, considering the possibility of imbal-
ance after PS matching. We performed 1:1 greedy matching 
with a calliper of 0.2. The standardized mean difference of 
covariates was tested to ensure balance after PS matching be-
tween the KAB and ECB groups (Supplementary Figure 1).

 All tests were 2-tailed, and a P < .05 was considered statisti-
cally significant. Statistical analysis was performed using SPSS 
(version 25.0; IBM, Armonk, NY) and SAS (version 9.4; SAS 
Institute, Cary, NC).

RESULTS

Study Population

A total of 682 patients with monomicrobial KAB (n = 141) or 
ECB (n = 541) were identified during the study period; of these, 
282 patients were included in the analysis after 1:1 age and sex 
matching. The PS-matched cohort included 194 patients.

The baseline characteristics of patients with KAB or ECB in 
the overall and PS-matched cohorts are summarized in Table 1. 
Active cancer was the most common underlying disease in both 
groups (KAB, 70.9% vs ECB, 78.0%). Patients with ECB were 
more likely to have underlying renal disease, administration 
of immunosuppressive therapy or corticosteroids. Healthcare-
associated acquisition of bacteremia was more likely to occur 
in patients with ECB (KAB, 71.6% vs ECB, 83.0%; P = .023). In 
terms of the focus of infection, hepatobiliary infection was the 
most common in both groups. Primary bacteremia was more 
commonly associated with ECB. Urinary tract infection was 
more commonly associated with KAB. There were no signifi-
cant differences in the appropriateness of empirical or definitive 

antimicrobial treatment, septic shock, Pitt bacteremia score, or 
source control. Resistance rates to antibiotics were similar in 
the 2 groups, except for imipenem (KAB, 27.0% vs ECB, 12.1%; 
P = .002) and ciprofloxacin (KAB, 2.8% vs ECB, 9.2%; P = .021). 
During the entire study period, the rate of resistance to third-
generation cephalosporins and imipenem was higher in the 
KAB group (see Supplementary Table 2). In terms of definitive 
antibiotics, third-generation cephalosporins and carbapenems 
were similarly used in both groups (see Supplementary Table 3).

In the PS-matched cohort, 97 pairs of patients with KAB 
and ECB were included. The standardized mean differences 
were less than 10% after matching (see Supplementary Figure 
1). There were no significant differences between the KAB and 
ECB groups in baseline characteristics, except for resistance rate 
to cefepime, imipenem, and ciprofloxacin.

Clinical Outcomes and Risk Factor of 30-Day Mortality

Clinical outcomes of the KAB and ECB groups in both the 
overall and PS-matched cohorts are presented in Table 2. The 
30-day all-cause mortality was significantly higher in the ECB 
group (24.1%) than in the KAB group (10.6%, P = .003) in the 
overall cohort. In the PS-matched cohort, the 30-day all-cause 
mortality was higher in the ECB group (24.7%) than in the 
KAB group (11.3%, P = .015). Kaplan-Meier survival analysis 
also revealed that the ECB group had higher mortality than 
the KAB group in both cohorts (Figure 1). In a multivariable 
model, ECB was an independent risk factor for mortality both 
in overall (adjusted odds ratio [aOR], 3.528; 95% confidence 
interval [CI], 1.614–7.714; P = .002) and PS-matched co-
horts (aOR, 4.135; 95% CI, 1.619–10.558; P = .003) (Table 3). 
Infection-attributable mortality of ECB group was also margin-
ally higher than those of KAB group in overall cohort (KAB, 
4.3% vs ECB, 9.2%; P = .096). There were no significant differ-
ences in the length of hospital stay, length of stay in the inten-
sive care unit, or treatment failure by day 14 between the overall 
and PS-matched cohorts. The duration of bacteremia was sim-
ilar in the PS-matched cohort (median, 2 days; P = .661).

The baseline characteristics of patients according to survival 
at 30 days after positive blood culture are presented in Table 4. 
The inappropriateness of definitive antibiotics was margin-
ally associated with 30-day mortality in the original cohort 
(P = .055), but no significant association was observed after 
matching (P = .637). The variables associated with 30-day all-
cause mortality both before and after matching were ECB, pres-
ence of urinary catheter, stay in the intensive care unit at the 
onset of bacteremia, dialysis, healthcare-associated infection, 
septic shock at presentation, and a higher Pitt bacteremia score. 
Source control did not show a significant association with mor-
tality in our study. In addition, there were no significant differ-
ences in prognosis between infections with easily controllable 
sources (such as catheter-related infection and urinary tract in-
fection) and infections requiring invasive source control. In a 
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multivariable model, stay in the intensive care unit at the onset 
of bacteremia and higher Pitt bacteremia scores were also inde-
pendent risk factors for 30-day mortality in both the overall and 
PS-matched cohorts.

The causes of death are summarized in Supplementary Table 
4. Infection-attributable mortality was higher in the ECB group, 
although the difference was not significant. In a multivariable 
model of the overall cohort, ECB was associated with 30-day 
infection-attributable mortality (aOR, 3.562; 95% CI, 1.007–
12.600; P = .049). However, after PS matching, ECB was not 
associated with the secondary outcomes. Administration of im-
munosuppressive therapy or corticosteroids and the inappropri-
ateness of definitive antibiotics were independent risk factors for 
30-day infection-attributable mortality (Supplementary Table 5).

DISCUSSION

We found that the 30-day all-cause mortality in the ECB 
group was higher than that in the KAB group. The infection-
attributable mortality of the ECB group tended to be higher 
than that of the KAB group, although the difference was not 
statistically significant.

 These findings are different from those of previous studies on 
Enterobacter species bloodstream infections. A previous study 
reported that the 28-day mortality was higher in KAB than in 
ECB (KAB, 14.9% vs ECB, 8.1%) [5]. Another previous study 
reported that in-hospital mortality was 28% in the KAB group 
and 21% in the ECB group [6]. In our study, the 30-day all-
cause mortality was 14.6% in the KAB group and 24.3% in the 
ECB group.

Several factors may have influenced these differences. First, 
there were differences in the severity of infection and the pro-
portion of appropriate antibiotic therapy by species in dif-
ferent studies. Song et  al [5] reported that KAB commonly 
presented as septic shock and was associated with a higher rate 
of bacteremia-related mortality than ECB. However, these in-
vestigators did not compare the appropriateness of empirical 
antibiotic therapy. Appropriate empirical antibiotic therapy is 
one of the most critical factors in the outcome of bloodstream 
infection; therefore, unobserved differences in the appropriate-
ness of empirical antibiotic therapy might have influenced the 
results of the study. In this study, a lower proportion of KAB pa-
tients received appropriate overall antimicrobial therapy (ECB, 
92.4% [159 of  172] vs KAB, 85.1% [57 of  67], P = .083). The 
authors showed that patients who died within 24 hours after 
the onset of bacteremia did not receive adequate antibiotics and 
explained that most KAB patients with fatal outcomes (died in 
the early phase after bacteremia) were classified as being given 
inappropriate antibiotics. In our study, the proportion of septic 
shock at the time of bacteremia and Pitt bacteremia score were 
similar between the KAB and ECB groups, and the ECB group 
had a worse outcome. This was different from previous studies 
that reported that the proportion of septic shock was higher in 
the KAB group than in the ECB group [5, 6]. This difference 
suggests the possibility that the severity of the infection itself, 
rather than species, influenced the outcome.

Second, the difference in baseline characteristics between the 
study cohorts may have resulted in differences in mortality. For 
example, in a previous study that reported that KAB was as-
sociated with poor clinical outcomes, the median age and the 
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Figure 1. A survival curve of the patients with Klebsiella aerogenes and Enterobacter cloacae complex bacteremia. (A) Overall cohort; (B) propensity score-matched cohort.
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proportion of healthcare-associated infections were higher in 
the KAB group [6]. Although the difference was not statisti-
cally significant, the study might have been underpowered to 
detect such differences. In addition, more cases with ECB were 
caused by catheter-related infection and urinary tract infection, 
which are known to be associated with better outcomes [15, 16]. 
We performed PS matching to mitigate baseline imbalances in 
characteristics that are likely to affect the outcome, and no vari-
ables showed significant differences between the KAB and ECB 
groups after matching.

The higher mortality in the ECB in this study may have 
been attributed to the virulent potential of E cloacae complex. 
Enterobacter species harbor a variety of virulence mechanisms, 
including heavy metal resistance, efflux pumps that result in 
a wide array of antimicrobial resistance, and additional sider-
ophore assembly kits to gain a fitness advantage that facilitates 
their survival in diverse environments [17, 18]. Flynn et al [19] 
prospectively studied Enterobacter colonization in cardiac sur-
gery patients receiving cefazolin prophylaxis. Enterobacter clo-
acae was isolated 4 times more frequently than K aerogenes, and 
it led to invasive infections more often than K aerogenes. This 
result suggests that the virulence factor, such as fitness, of E clo-
acae increases the infection rate and results in a poor prognosis. 
According to studies on virulence gene detection in Enterobacter 
species in Italy, Iraq, and Egypt, several virulence genes encoding 
siderophores and adhesins were detected in E cloacae isolates [20–
22]. These findings are different from those of a previous study in 
Brazil, which reported that virulence genes were detected only in 
K aerogenes isolates, whereas no E cloacae isolate harbored viru-
lence genes [23]. Considering the characteristics of Enterobacter 
species that can acquire plasmid-mediated antibiotic resistance 
genes, the epidemiology of virulent genes may vary depending on 
regional characteristics, so the detection rate of virulence genes 
may differ between countries. Thus, it is necessary to study the 
molecular epidemiology of virulence genes of E cloacae complex 
isolates and K aerogenes isolates from various countries.

In our study, the use of antibiotics with in vitro susceptibility 
was defined as appropriate even when third-generation ceph-
alosporins were used. There is a controversy about the optimal 
antibiotic therapy for infections caused by AmpC-producing 
organisms. The emergence of resistance against broad-spec-
trum cephalosporins during treatment have been reported, but 
whether the treatment with a third-generation cephalosporin 
is associated with poor outcome remains controversial. Various 
studies reported comparable outcomes between broad-spec-
trum cephalosporins and carbapenems [24–26]. We analyzed 
the clinical outcome by specific antibiotic agents using our 
dataset. The 30-day all-cause mortality in the overall cohort was 
12.0% (3 of 25, P = .588) in the patients who were treated with 
third-generation cephalosporin and 21.8% (17 of 78, P = .226) 
in those with carbapenem. In the PS-matched cohort, the use of 
carbapenem as a definitive antibiotic was an independent risk C
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factor associated with mortality. Surely this difference is likely 
to be due to the severity of infection rather than the weaker 
efficacy of carbapenem, but our results do not show that the 
use of third-generation cephalosporin is associated with poor 
outcomes. Furthermore, the proportion of patients who were 
treated with third-generation cephalosporins was low (8.9% in 
the overall cohort and 9.2% in the PS-matched cohort).

 Our study has several limitations. First, since our study 
was conducted at a single tertiary care center, the results may 
not be generalizable. Second, the study was performed retro-
spectively. Although we tried to control for confounders using 
PS matching and multiple logistic regression, the possibility 
of bias by unobserved variables cannot be excluded. In addi-
tion, among 682 patients with KAB or ECB who were initially 
screened, only 282 were included after age and sex matching. 
There thus remains a possibility that an unobserved bias was 
introduced during matching. However, we only used age, sex, 
and temporal proximity to cases with KAB for initial matching. 
Consequently, there was no significant difference in the 30-day 
all-cause mortality between the patients with ECB who were 
initially identified (112 of 541, 20.7%) and those who were in-
cluded in the analysis (34 of 141, 24.1%; P = .381), suggesting 
that the risk of selection bias is low. Third, only bloodstream 
infections were included in our study. Therefore, the results may 
not be applicable to localized infections without bacteremia.

CONCLUSIONS

In conclusion, ECB was independently associated with higher 
30-day all-cause mortality than KAB. Further studies are war-
ranted to clarify the virulence mechanisms of E cloacae complex.
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