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Background/Aims: The aim of this study was to compare antimicrobial resis-
tance, clinical features, and outcomes of community-onset Escherichia coli (COEC) 
and Klebsiella pneumoniae (COKP) bacteremia. 
Methods: The medical records of patients diagnosed with E. coli or K. pneumoniae 
bacteremia in the emergency department of a 750-bed secondary care hospital in 
Daegu, Korea from January 2010 to December 2016 were retrospectively reviewed. 
Results: A total of 866 patients with COEC bacteremia and 299 with COKP bac-
teremia were enrolled. COEC bacteremia, compared to COKP bacteremia, had 
higher rates of 3rd generation cephalosporin (3GC) (18.8% vs. 8.4%, p < 0.001) and 
f luoroquinolone (FQ) (30.4% vs. 8.0%, p < 0.001) resistance. The patients with 
COKP bacteremia had higher Charlson comorbidity indices (CCI) (1.8 ± 2.0 vs. 1.5 
± 1.8, p = 0.035), Pittsburgh bacteremia scores (PBS) (2.0 ± 2.6 vs. 1.3 ± 1.8, p < 0.001), 
and 30-day mortality (14.44% vs. 8.8%, p = 0.008) than the patients with COEC 
bacteremia. Age younger than 70 years, male sex, polymicrobial infections, pneu-
monia, intra-abdominal infection, PBS ≥ 2, and Foley catheter insertion were in-
dependent predictive factors for COKP bacteremia compared to COEC bacteremia 
in the multivariate analysis. CCI, PBS, and intensive care unit admission were 
independent risk factors for 30-day mortality in the multivariate analysis. 
Conclusions: 3GCs and FQs are still useful for the empirical treatment of patients 
with probable COKP bacteremia. The patients with COKP bacteremia had worse out-
comes because of its greater severity and more frequent underlying comorbidities. 
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Comparison of antimicrobial resistances and  
clinical features in community-onset Escherichia coli 
and Klebsiella pneumoniae bacteremia
Hwa Seok Sung1,2, Je Won Lee1, Sohyun Bae3, and Ki Tae Kwon3

INTRODUCTION

Our previous research, performed at a secondary care 
community-based hospital in Daegu, Korea between 
2003 to 2009, showed that Escherichia coli and Klebsiella 
pneumoniae are major pathogens in community-onset 
bacteremia and that their levels of antimicrobial resis-
tances are increasing, even in the community setting [1]. 
In that study, 3rd generation cephalosporin (3GC) and 

fluoroquinolone (FQ) resistance rates were 6.6% and 
24.5% in E. coli and 4.9% and 4.9% in K. pneumoniae, re-
spectively. A study of community-onset bacteremia in 
a tertiary hospital in Seoul, Korea between 2012 to 2015 
showed that 27.2% of E. coli and 14.9% of Klebsiella spe-
cies were extended spectrum β-lactam (ESBL) producers 
and 37.8% of E. coli and 21.0% of Klebsiella species had ci-
profloxacin resistance [2]. The resistant rates to 3GC and 
FQ antimicrobials in Klebsiella species were consistently 
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lower than in E. coli in both studies even though a recent 
study in a tertiary care hospital showed higher resistant 
rates. We sought to follow-up on our previous study of 
trend in antimicrobial resistance compared to the re-
cent study conducted in a tertiary care hospital.

Although E. coli and K. pneumoniae bacteremia have 
been studied individually or together, studies compar-
ing antimicrobial resistance and clinical features and 
outcomes in these two major pathogens have rarely 
been conducted in a secondary care community-based 
hospital [3,4]. The aims of this study were to analyze 
current trends in antimicrobial resistance and compare 
antimicrobial resistance and clinical features and out-
comes in community-onset E. coli (COEC) and K. pneu-
moniae (COKP) bacteremia. 

METHODS

Study population and design
This retrospective cohort study was performed at Dae-
gu Fatima Hospital, a 750-bed secondary care commu-
nity-based hospital in Daegu, Korea. Patients present-
ing to the emergency department with a first episode 
of E. coli or K. pneumoniae bacteremia between January 
2010 and December 2016 were enrolled and defined as 

community-onset bacteremia, and their clinical micro-
biology laboratory data were reviewed (Fig. 1). From the 
electronic medical records, we collected data on patho-
gen antimicrobial resistance rates, patient demographic 
characteristics, source of infection, severity of bactere-
mia (Pittsburgh bacteremia score [PBS]) [5], underlying 
diseases (Charlson comorbidity index [CCI]) [6], antimi-
crobial use, and outcomes. Sites of infection were de-
fined according to the criteria of the Centers for Dis-
ease Control and Prevention. Antimicrobial therapy was 
considered to be appropriate if antimicrobial agents to 
which the pathogen was susceptible were administered 
within 48 hours after the onset of bacteremia. 3GC re-
sistance was defined as intermediate or resistant to cef-
tazidime and/or cefotaxime. Fluoroquinolone resistance 
was defined as intermediate or resistant to ciprofloxacin 
and/or levofloxacin. This study was approved by the In-
stitutional Review Board of the Daegu Fatima Hospital 
(DFH18ORIO354). Written informed consent by the pa-
tients was waived due to a retrospective nature of our 
study. 

 
Microbiological testing
A Bactec FX Instrument (Becton, Dickinson and Com-
pany, Sparks, MD, USA) was used for blood cultures. 
Species identification and antimicrobial susceptibility 

Figure 1. Patient selection flow chart. 
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tests were performed on the VITEK II automated sys-
tem (bioMérieux, Durham, NC, USA).

Statistical analysis
The results were analyzed with R version 3.2.3 (Decem-
ber 10, 2015; R Foundation for Statistical Computing, Vi-
enna, Austria). Continuous variables were expressed as 
the means ± standard deviations and compared with the 
Student t test or Mann-Whitney U test. Categorical vari-
ables were compared with the Pearson chi-square test 
or Fisher exact test. All tests of significance were two-
tailed; p ≤ 0.05 was considered to be significant. Logistic 
regression analysis was performed to identify risk fac-
tors for 7-day and 30-day mortality in community-onset 
E. coli and K. pneumoniae bacteremia and predictive fac-
tors for K. pneumoniae bacteremia. All parameters with a 
p < 0.2 in the univariate analysis were considered in the 
multivariable analysis.

RESULTS

A total of 866 patients with COEC and 299 patients with 
COKP bacteremia were enrolled (Fig. 1). The resistance 
rates of antimicrobials, which commonly used to treat 
Gram negative strains, were higher in COEC bacteremia 
than in COKP bacteremia (Table 1). Isolates from both 
groups showed high susceptibility to imipenem and 

amikacin. Increasing trends of 3GC and FQ resistance 
were observed in both COEC and COKP bacteremia 
from 2010 to 2016 and the 3GC and FQ resistance rates 
were higher in COEC bacteremia than in COKP bacte-
remia throughout the study period (Fig. 2). The FQ re-
sistance rates were higher than the 3GC resistance rates 
in COEC bacteremia; in contrast, the FQ and 3GC resis-
tance rates were similar in COKP bacteremia. 

Comparisons of demographic characteristics, co-
morbidities and clinical features in patients with the 
COEC and COKP bacteremia are shown in Table 2. The 
patients with COEC bacteremia were older than those 
with COKP bacteremia (mean age, 71.3 ± 14.1 vs. 69.5 ± 
14.1, p = 0.049). The COKP bacteremia group had a high-
er proportion of male patients than the COEC bactere-
mia group (56.9% vs. 29.7%, p < 0.001). The patients with 
COKP bacteremia had more severe underlying comor-
bidities than the patients with COEC bacteremia (CCI, 
1.8 ± 2.0 vs. 1.5 ± 1.8, p = 0.035). Ulcer and moderate or 
severe liver disease were significantly more frequent in 
patients with K. pneumoniae bacteremia (p < 0.05). Uri-
nary tract infections (UTIs) were more common sourc-
es of COEC bacteremia (53.4% vs. 19.7%, p < 0.001), on 
the other hand, intra-abdominal infections (IAIs) (36.6% 
vs. 62.2%, p < 0.001) and pneumonia (6.3% vs. 13.0%, p 
< 0.001) were more common sources of COKP bac-
teremia. The subgroup analysis showed that the 3GC 
(18.6% vs. 5.8%, p = 0.006) and FQ (20.3% vs. 5.0%, p < 

Table 1. Comparisons of antimicrobial resistance rates in community-onset Escherichia coli and Klebsiella pneumoniae bacteremia

Variable E. coli (n = 886) K. pneumoniae (n = 299) p value

Amikacin 6/885 (0.7) 0/297 (0.0) 0.342

Ampicillin 455/781 (58.3) 285/286 (99.7) < 0.001

Aztreonam 167/884 (18.9) 27/297 (9.1) < 0.001

3GCs 167/886 (18.8) 25/298 (8.4) < 0.001

Fluoroquinolone 269/886 (30.4) 24/299 (8.0) < 0.001

Cefazolin 104/433 (24.0) 17/139 (12.2) 0.019

Trimethoprim/sulfamethoxazole 159/655 (24.3) 27/218 (12.4) < 0.001

Ampicillin/sulbactam 83/158 (52.5) 2/22 (9.1) < 0.001

Cefepime 167/885 (18.9) 26/297 (8.8) < 0.001

Imipenem 0/886 (0.0) 2/298 (0.7) 0.104

Piperacillin/tazobactam 35/824 (4.2) 21/282 (7.4) 0.050

Values are presented as numbers resistant/the number of total strains and proportions (%). 
3GC, 3rd generation cephalosporin.
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0.001) resistance rates of COKP bacteremia in UTIs were 
higher than those in non-UTIs and the 3GC resistance 
rate (20.9% vs. 14.8%, p = 0.034) of COEC bacteremia in 
non-IAIs was higher than that in IAIs. The severity at 
the onset of bacteremia was higher in COKP bacteremia 
than in COEC bacteremia (PBS, 2.0 ± 2.6 vs. 1.3 ± 1.8, p 
< 0.001). Although inappropriate antimicrobial therapy 
was more common in COEC bacteremia than in COKP 
bacteremia (22.8% vs. 10.0%, p < 0.001) due to higher an-
timicrobial resistance rates, the outcomes were better in 
COEC bacteremia than in COKP bacteremia (7-day mor-
tality, 6.9% vs. 12.0%, p = 0.007; 30-day mortality, 8.8% 
vs. 14.4%, p = 0.008). The Kaplan-Meier survival curve 
showed consistently higher survival rate within 30 days 
of bacteremia onset in patients with COEC bacteremia 
than in patients with COKP bacteremia (p = 0.0304).

Age younger than 70 years, male sex, polymicrobial 
infections, pneumonia, IAIs, PBS ≥ 2, and Foley catheter 
insertion were independent predictive factors for COKP 
bacteremia compared to COEC bacteremia in the mul-
tivariate analysis (Table 3). PBS was the only indepen-
dent risk factor for 7-day mortality in the multivariate 
analysis (odds ratio, 2.16; 95% confidence interval, 1.92 to 
2.46; p < 0.001). CCI, PBS, and intensive care unit (ICU) 
admission were the independent risk factors for 30-day 
mortality in the multivariate analysis (Table 4). 

DISCUSSION

When we compared the results of this study with those 
of our previous study performed from 2003 to 2009 in 
the same hospital [1], we found that antimicrobial re-
sistance to 3GCs and FQs increased, respectively, from 
6.6% to 19.0% and 24.5% to 30.4% in COEC bacteremia 
and from 4.9% to 8.4% and 4.9% to 8.0% in COKP bac-
teremia. The resistance rates of E. coli and K. pneumoniae 
to 3GCs and FQs were much higher in the Korean Anti-
microbial Resistance Monitoring System (KARMS) from 
2013 to 2015 than in our study because KARMS data in-
cludes both nosocomial and community pathogens [7]. 
In a recent study of community-onset E. coli and Kleb-
siella species bacteremia from 2012 to 2015, 27.2% of E. 
coli and 14.9% of Klebsiella species were ESBL producers 
and the ciprofloxacin resistance rate was 38.7% in E. coli 
and 21.0% in Klebsiella species [2]; the resistant rates of 
3GC and FQs were higher than reported in our studies, 
especially in the Klebsiella species, because the underly-
ing comorbidities were more severe than those of our 
studies. Because Daegu Fatima Hospital is a secondary 
care community-based medical institution, we believe 
that our data reflects the antimicrobial resistance rates 
in community-onset infections, and therefore, 3GCs 
and FQs remain useful empirical options for commu-
nity-onset infections caused by K. pneumoniae. The an-
timicrobial susceptibilities in community-acquired K. 
pneumoniae bacteremia were very high in other Korean 
and Taiwan studies, which supported our opinion [8,9].

Compared to E. coli bacteremia, K. pneumoniae bactere-
mia had more underlying comorbidities; higher severity 
scores at the time of bacteremia onset; other unfavorable 
clinical characteristics and outcomes, such as ventilator 
therapy, deterioration of consciousness, ICU admission, 
and mortality. The multivariate risk factor analysis re-
vealed that only underlying comorbidity (CCI), severity 
at the time of bacteremia onset (PBS), and ICU admis-
sion were significant independent factors for 30-day 
mortality; appropriateness of antimicrobial therapy and 
strain type were not independent factors. This is con-
sistent with the results of a propensity score-matched 
analysis comparing the clinical outcomes of K. pneumo-
niae and E. coli community-onset monomicrobial bacte-
remia [3]. That study showed no significant differences 
in 14- and 28-day crude mortality rates between the two 

Figure 2. Trends of third-generation cephalosporin (3GC) 
and f luoroquinolone (FQ) resistance in community-onset 
Escherichia coli and Klebsiella pneumoniae bacteremia from 
2010 to 2016. 
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groups after appropriate matching, in which propensity 
score was calculated by the independent predictors of 
28-day crude mortality assessed in a multivariable lo-
gistic regression model. In other words, K. pneumoniae 
causes more severe bacteremia in patients with poorer 
underlying conditions than E. coli, leading to high mor-
tality. The significant predictive factors for K. pneumoni-

ae bacteremia compared to E. coli bacteremia were age < 
70, male sex, polymicrobial infections, pneumonia, IAIs, 
PBS ≥ 2, and Foley catheter insertion. When treating 
patients with community-onset Gram-negative bacte-
remia, it is important for clinicians to predict or know 
whether the causative micro-organisms are K. pneumo-
niae or E. coli for antimicrobial selection and prognosis 

Table 2. Comparisons of demographic characteristics, comorbidities and clinical features in community-onset Escherichia coli 
and Klebsiella pneumoniae bacteremia

Variable E. coli (n = 886) K. pneumoniae (n = 299) p value

Age, yr 71.3 ± 13.7 69.5 ± 14.1 0.049

Male sex 263 (29.7) 170 (56.9) < 0.001

Charlson comorbidity index 1.5 ± 1.8 1.8 ± 2.0 0.035

Cerebral vascular disease 120 (13.5) 42 (14.0) 0.903

Diabetes mellitus 289 (32.6) 105 (35.1) 0.470

Any tumor 154 (17.4) 49 (16.4) 0.760

Moderate or severe liver disease 43 (4.9) 25 (8.4) 0.035

Clinical diagnosis

Urinary tract infection 473 (53.4) 59 (19.7) < 0.001

Intraabdominal infections 298 (33.6) 186 (62.2) < 0.001

Pneumonia 56 (6.3) 39 (13.0) < 0.001

Others 57 (6.4) 28 (9.4) 0.117

Polymicrobial infection 25 (2.8) 50 (16.7) < 0.001

Pitt bacteremia score 1.3±1.8 2.0±2.6 < 0.001

Fever

36.1°C–38.9°C 308 (34.8) 141 (47.2) < 0.001

35.1°C–36.0°C or 39.0°C–39.9°C 512 (57.8) 134 (45.0) < 0.001

< 35°C or > 40°C 66 (7.4) 24 (8.0) 0.842

Hypotension 65 (7.3) 41 (13.7) 0.001

Mechanical ventilation 14 (1.6) 18 (6.0) < 0.001

Cardiac arrest 50 (5.6) 51 (17.1) < 0.001

Altered Mental status 137 (15.5) 72 (24.1) 0.001

Leukocytosis or leukopenia 486 (54.9) 179 (59.9) 0.149

Inappropriate antimicrobial therapy 202 (22.8) 30 (10.0) < 0.001

Initial CRP level 11.8 ± 10.2 16.7 ± 11.5 < 0.001

ICU admission 67 (7.6) 37 (12.4) 0.015

ICU admission period 11.5 ± 14.0 6.8 ± 9.7 0.05

Foley catheter insertion 218 (24.6) 119 (39.8) < 0.001

7-Day mortality 61 (6.9) 36 (12.0) 0.007

30-Day mortality 78 (8.8) 43 (14.4) 0.008

Values are presented as mean ± SD or number (%).
CRP, C-reactive protein; ICU, intensive care unit.
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prediction.
One of the reasons for the low mortality rate of E. 

coli bacteremia is that UTI is the most frequent clini-
cal diagnosis in patients with E. coli bacteremia. A study 
showed that UTI is a favorable factor for 30-day mortal-

ity in E. coli bacteremia [10]. UTI did not show a signif-
icant favorable impact on 30-day mortality in our study 
because of other important factors such as ICU admis-
sion, CCI, or PBS. Antimicrobial resistance and inap-
propriate antimicrobial therapy did not correlate with 

Table 4. Risk factors for 30-day mortality in patients with community-onset Escherichia coli or Klebsiella pneumoniae bacteremia

Variable
Univariate analysis Multivariate analysis

OR (95% CI) p value aOR (95% CI) p value

Age, yr 1.01 (0.99–1.02) 0.478 - -

Male sex 1.76 (1.20–2.56) 0.004 1.08 (0.60–1.92) 0.804

K. pneumoniae 1.74 (1.16–2.58) 0.006 0.58 (0.30–1.09) 0.099

Polymicrobial infection 0.90 (0.37–1.88) 0.795 - -

Urinary tract infection 0.46 (0.30–0.69) < 0.001 0.64 (0.35–1.14) 0.130

Pneumonia 5.38 (3.30–8.65) < 0.001 1.23 (0.57–2.57) 0.587

Intra-abdominal infection 0.81 (0.55–1.19) 0.291 - -

CCI 1.31 (1.21–1.42) < 0.001 1.24 (1.09–1.40) < 0.001

PBS 1.98 (1.80–2.19) < 0.001 1.98 (1.77–2.23) < 0.001

Inappropriate antibiotic therapy 1.20 (0.75–1.87) 0.424 - -

Quinolone resistance 1.39 (0.91–2.08) 0.117 1.25 (0.62–2.47) 0.531

3GC resistance 1.64 (1.03–2.55) 0.323 1.30 (0.61–2.74) 0.491

ICU admission 9.56 (6.07–15.04) < 0.001 13.76 (7.25–26.34) < 0.001

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; CCI, Charlson comorbidity index; PBS, Pittsburgh bactere-
mia score; 3GC, third-generation cephalosporin; ICU, intensive care unit.

Table 3. Predictive factors for Klebsiella pneumoniae in patients with community-onset Escherichia coli or K. pneumoniae bacteremia

Variable
Univariate analysis Multivariate analysis

OR (95% CI) p value aOR (95% CI) p value

Age < 70 yr  1.38 (1.06–1.81) 0.017 1.48 (1.09–2.00) 0.012

Male sex 3.12 (2.38–4.10) < 0.001 1.84 (1.34–2.52) < 0.001

Polymicrobial infection 6.92 (4.23–11.57) < 0.001 5.46 (3.22–9.49) < 0.001

Urinary tract infection 0.21 (0.16–0.29) < 0.001 0.64 (0.39–1.08) 0.092

Pneumonia 2.22 (1.44–3.41) < 0.001 2.41 (1.32–4.36) 0.004

Intra-abdominal infection 3.25 (2.48–4.27) < 0.001 2.54 (1.57–4.21) < 0.001

CCI ≥ 2 1.10 (0.84–1.44) 0.481 - -

PBS ≥ 2 2.01 (1.51–2.68) < 0.001 1.89 (1.35–2.65) < 0.001

CRP ≥ 15 1.05 (0.80–1.37) 0.742 - -

ICU admission 1.73 (1.12–2.63) 0.012 1.10 (0.64–1.87) 0.739

Foley catheter insertion 2.03 (1.53–2.67) < 0.001 1.55 (1.10–2.19) 0.012

Central line insertion 0.96 (0.69–1.33) 0.828 - -

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; CCI, Charlson comorbidity index; PBS, Pittsburgh bactere-
mia score; CRP, C-reactive protein; ICU, intensive care unit.
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mortality in our study, probably due to the large pro-
portion of patients with E. coli bacteremia [10]. In some 
population-based studies, E. coli bacteremia was more 
frequent in elderly patients who had urological co-mor-
bidities and became more susceptible to UTI [11-13]. In 
these studies, the male to female ratio was similar; in 
contrast, in our study and in a Korean study involving 
patients with acute pyelonephritis, E. coli was more com-
mon in women [14].

This study has some limitations. First, it is a retro-
spective study and was conducted at a single center. Ac-
cordingly, our data should be interpreted and applied 
with caution. Nevertheless, our hospital is the largest 
secondary care medical institution in the Daegu area 
and we analyzed more than one thousand cases of E. coli 
and K. pneumoniae community-onset bacteremia. In our 
study, the proportion of patients with underlying co-
morbidities was lower than a community-onset bactere-
mia study conducted at a tertiary care hospital in Seoul 
[2]. Therefore, we believe that our data are more repre-
sentative of community-onset infections than those of 
studies performed in a tertiary care hospital. Second, we 
did not distinguish between healthcare-associated and 
community-acquired cases. In actual clinical situations, 
it may not be easy to clearly distinguish between the two. 
Instead, we focused on the comparative analysis of com-
munity-onset K. pneumoniae and E. coli bacteremia.

In conclusion, the increasing resistance to 3GCs and 
FQs in COEC and COKP bacteremia is a serious prob-
lem in Korea. Because E. coli and K. pneumoniae are ma-
jor causative microorganisms in community-onset bac-
teremia and their resistance to 3GCs and FQs has been 
increasing, carbapenems and piperacillin/tazobactam 
are increasingly used [15,16]. Given that E. coli bacteremia 
is the most common cause of Gram-negative bactere-
mia and UTI; therefore, clinicians requires attention to 
use 3GC and FQs as the empirical treatment of patients 
with probable COEC infections. However, the resistance 
rates to 3GCs and FQs remain were approximately 5% 
in COKP bacteremia caused by non-UTI; therefore, 
clinicians can still use 3GCs or FQs for empirical treat-
ment of patients with probable COKP infections caused 
by non-UTI, instead of carbapenems or piperacillin/
tazobactam. Appropriate empirical FQs also have the 
advantage that decreased the duration of fever more 
than 3GCs in adult community-onset bacteremia [17]. 

Importantly, COKP bacteremia showed higher mortal-
ity, owing to more comorbidities and greater severity, 
compared to COEC bacteremia. Rapid identification of 
K. pneumoniae in community-onset bacteremia is help-
ful for predicting the clinical course and prognosis and 
selecting appropriate antimicrobials. The results of this 
comparison of antimicrobial resistance patterns and 
clinical features in community-onset K. pneumoniae and 
E. coli bacteremia may be useful for refining diagnostic 
and treatment strategies. 
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KEY MESSAGE

1. The increasing resistance to 3rd generation 
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