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Abstract

Extended-spectrum [3-lactamase (ESBL)-positive bloodstream infection (BSI) is on the rise worldwide. The purpose of
this study is to evaluate the impact of inappropriate initial antibiotic therapy (IIAT) on in-hospital mortality of patients
in the emergency department (ED) with Escherichia coli and Klebsiella pneumoniae BSls. This retrospective single-center
cohort study included all adult patients with E. coli and K. pneumoniae BSls between January 2007 and December 2013,
who had undergone a blood culture test and initiation of antibiotics within 6 h of ED registration time. Multiple logistic
regression was used to adjust for bacterial species, IIAT, time to antibiotics, age, sex, quick Sepsis Related Organ Failure
Assessment (qSOFA) score =2, and comorbidities. A total of 3533 patients were enrolled (2967 alive and 566 deceased,
in-hospital mortality rate 16%). The patients with K. pneumoniae ESBL-positive BSI had the highest mortality rate.
Non-survivors had qSOFA scores=2 (33.6% vs 9.5%, P<<0.001), more IIAT (15.0% vs 10.7%, P=0.004), but shorter
mean time to antibiotics (1.70 vs 1.84h, P<<0.001). A qSOFA score =2 is the most significant predictor for in-hospital
mortality; however, IIAT and time to antibiotics were not significant predictors in multiple logistic regression analysis.
In subgroup analysis divided by qSOFA scores, IIAT was still not a significant predictor. Severity of the disease (QSOFA
score =2) is the key factor influencing in-hospital mortality of patients with E. coli and K. pneumoniae BSIs. The time to
antibiotics and IIAT were not significant predictors because they in turn were affected by disease severity.
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Drug resistance should be considered in the
selection of empiric antibiotic therapy, especially
in critically ill patients as inappropriate initial
antibiotic therapy (IIAT) seems to be associated
with poor prognosis.>® The timing of antibiotic
administration appears to be associated with the
prognosis; the Surviving Sepsis Campaign (SSC)
guidelines suggest that intravenous antibiotics
should be given within 1h, for patients with sep-
sis and septic shock.” However, there are some
studies that show that the timing of antibiotic
administration is not significantly related to the
prognosis.®

The severity of the patient with infection affects
the choice and timing of administration of antibiot-
ics, as well as the prognosis. We evaluated the
severity of the patient with infection with the quick
Sepsis Related Organ Failure Assessment (qSOFA)
score, and qSOFA scores = 2 represented the more
serious conditions and a higher risk of death.” The
aim of our study was to analyze the impact of the
timing of appropriate antibiotic administration,
gSOFA scores, and ESBL producers on in-hospital
mortality.

Methods
Study design

A single-center retrospective observational
cohort study was carried out from January 2007
to December 2013, at the Kaohsiung Chang Gung
Memorial Hospital, which is a tertiary referral
hospital in southern Taiwan with more than 2000
beds. More than 100,000 emergency patients
visit the hospital each year. This study was
approved by the Institutional Review Committee
on Human Research of the Kaohsiung Chang
Gung Memorial Hospital. The reference number
is 103-0053B.

Study setting and population

Patients with E. coli and K. pneumoniae blood-
stream infections (BSIs) were included if they were
over 18years old and had undergone a blood cul-
ture test and initiation of antibiotics within 6 h of
emergency department (ED) registration time.
Only the first episode of bacteremia in each patient
was included, while recurrent infections with the
same pathogen were excluded.

Data collection

We extracted data from electronic medical records
that included age, sex, vital signs, appropriateness
and time to antibiotics, comorbidities, infection
sites, and clinical outcomes. Information about
comorbidities and infection sites is gained by the
International Classification of Diseases, Ninth
Revision (ICD-9) coding.!” The primary outcome
was in-hospital mortality.

Susceptibility testing

The production of ESBL was verified by the dou-
ble disk diffusion method suggested by the Clinical
and Laboratory Standards Institute (CLSI)."" We
evaluated the minimum inhibitory concentration of
the antibiotics with the Epsilometer test. The
results were interpreted in light of the CLSI’s rec-
ommendations, except that breakpoints were sug-
gested by the Food and Drug Administration in the
United States.!?!?

Antibiotics regimen

The initial antibiotic prescription and dosage were
based on the diagnosis and the prevailing medical
standards. In addition, the infectious disease physi-
cians in our hospital would give advice based on
the medical records, within 48 h. The definition of
appropriate antibiotics is that at least one antibiotic
is active in vitro and is based on the breakpoint for
antimicrobial activity of an individual drug against
E. coli and K. pneumoniae.'"* The time from ED
admission to the start of the initial antibiotics regi-
men was also recorded.

Definition of gSOFA score

The qSOFA was a scoring system recommended
by the Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3) to quickly
assess sepsis-related organ failure and screen
patients suspected of sepsis.’ In an international
prospective cohort study, Freund et al.' found that
qSOFA had a greater accuracy at predicting mor-
tality among patients with suspected infections.
Our previous study used the qSOFA score to pre-
dict mortality in patients with suspected infections,
and the conclusion was that gSOFA scores were
also good at predicting mortality.!® The qSOFA
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score was calculated after determining whether the
systolic blood pressure is less than or equal to
100mmHg, respiratory rate is more than or equal
to 22 breaths/minute, and Glasgow Coma Scale
(GCS) score is less than 15.° The result is one point
for each of the above conditions, and range of the
score is from 0 to 3. We used the first values in the
ED for each criterion to calculate the qSOFA score.

Statistical analysis

We used the Statistical Package for the Social
Sciences 20.0 (SPSS, Chicago, IL, USA) to perform
Statistical analyses. Continuous variables were rep-
resented as mean = standard deviation and analyzed
with the application of the #-test. Categorical varia-
bles were represented as numbers and percentages
and analyzed with the application of the x> test or
Fisher’s exact test. We used multivariable logistic
regression analysis to adjust for bacterial species,
ITAT, time to antibiotics, age, sex, qSOFA score =2,
and comorbidities. We also divided patients by
gSOFA scores and ESBL production, to survey
the effect of IIAT and time to antibiotics on the in-
hospital mortality rate. P values < 0.05 were regarded
as statistically significant. To evaluate whether our
sample size was sufficient to solve the research prob-
lem, we used Power Analysis and Sample Size
Software 14.0.7 to calculate the power and sample
size. The result was that the sample sizes achieves
80% power at a 0.05 significance level for qSOFA,
IIAT, and time to antibiotics=137, 2787, and 3070
observations and odds ratios=4.81, 1.64, and 0.87.
Our sample size (3533) can achieve > 80% power.

Results

Our study included 3533 patients, of which 2967
patients were alive and 566 were deceased (in-hospital
mortality rate was 16%). The difference in the patho-
gen species was significant between the non-survivors
and survivors (P<<0.001) (Table 1). The patients with
K. pneumoniae ESBL-positive BSI had the highest
mortality rate (18/45=40%), and the patients with E.
coli ESBL-negative BSI had the lowest mortality rate
(309/2384=13%). Non-survivors had a significantly
higher proportion of older people and men, and they
also included more patients with liver cirrhosis,
chronic renal insufficiency, malignancy, and respira-
tory tract infections, than survivors.

Non-survivors had a higher percentage of IIAT
than survivors (15.0% vs 10.7%, P=0.004). The
mean time to antibiotics was shorter in non-survi-
vors than survivors (1.70 vs 1.84h, P<<0.001).
Patients with qSOFA scores =2 were more among
non-survivors (33.6% vs 9.5%, P <0.001).

Table 2 summarizes the initial empiric antibiotic
regimens. The most commonly used antibiotic in
patients who received IIAT was ceftriaxone
(106/401, 26.4%), followed by quinolones (75/401,
18.7%) and cefuroxime (50/401, 12.5%).

In multiple logistic regression analysis, the most
significant predictor for in-hospital mortality was
qSOFA score = 2 (adjusted oddsratio (AOR)=5.73;
95% confidence interval (CI), 4.48-7.32);
P<0.001) (Figure 1). Age, male sex, and comor-
bidities such as liver cirrhosis, chronic renal insuf-
ficiency, and malignancy were also significant
predictors. For evaluating the pathogen species, we
used patients with E. coli ESBL-negative BSI as
the reference group; patients with K. pneumoniae
ESBL-negative BSI (AOR=1.7; 95% CI, 1.35-
2.14; P<0.001) and K. pneumoniae ESBL-
positive BSI (AOR=2.55; 95% CI, 1.27-5.14;
P=0.009) were significant predictors. IIAT was
not a significant predictor for in-hospital mortality
(AOR=1.29; 95% CI, 0.90-1.84; P=0.163). Time
to antibiotics was not a significant predictor for in-
hospital mortality (AOR=0.96; 95% CI, 0.87—
1.05; P=0.360).

Because the gSOFA score was the most signifi-
cant, we divided patients by qSOFA scores and
ESBL production to see the difference in IIAT and
non-IIAT patients, and in patients with varying
time to antibiotics. In patients with ESBL-
negative BSI and qSOFA score <2, the mortality
rate of patients with IIAT is a little higher than
patients with non-IIAT, but not significant (15.2%
vs 11.5%; P=0.170) (Figure 2). In patients with
ESBL-positive BSI and qSOFA score =2, the
mortality rate of patients with IIAT is a little
higher than patients with non-IIAT, but not sig-
nificant (39.5% vs 25.0%; P=0.395) (Figure 3).
After exclusion of IIAT patients, we divided the
patients with time to antibiotics in the range of
0-1, 1-3, and 3—6 h. We found that in the group of
patients with gSOFA score = 2, patients with time
to antibiotics in the range of 0—1h had a signifi-
cantly higher mortality rate (53.6% vs 36.7% vs
29.6%; P=0.005) than others (Figure 4).
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Table I. Univariate analysis of in-hospital mortality in patients with extended-spectrum beta-lactamase (ESBL)-positive or
-negative Escherichia coli and Klebsiella pneumoniae bloodstream infection.

All patients (N=3533) Survivors (n=2967) Non-survivors (n=566) P value
Pathogen species
E. coli ESBL-negative 2384 (67.5) 2075 (69.9) 309 (54.6) <0.001*
E. coli ESBL-positive 229 (6.5) 184 (6.2) 45 (8.0)
K. pneumoniae ESBL-negative 875 (24.8) 681 (23.0) 194 (34.3)
K. pneumoniae ESBL-positive 45 (1.3) 27 (0.9) 18 (3.2)
Age (years) 669+ 14.4 66.6 = 14.5 682+ 14.2 0.016*
Male 1530 (43.3) 1199 (40.4) 331 (58.5) <0.001*
AT 401 (11.4) 316 (10.7) 85 (15.0) 0.004*
Time to antibiotics (hours) 1.82 = 1.02 1.84 = 1.02 1.70 = 1.03 0.003*
qSOFA score
qSOFA <2 3061 (86.6) 2685 (90.5) 376 (66.4) <0.001*
qSOFA = 2 472 (13.4) 282 (9.5) 190 (33.6)
Major comorbidities
Liver cirrhosis 505 (14.3) 356 (12.0) 149 (26.3) <0.001*
Diabetes mellitus 1332 (37.7) 1172 (39.5) 160 (28.3) <0.001*
Chronic renal insufficiency 593 (16.8) 423 (14.3) 170 (30.0) <0.001*
Congestive heart failure 108 (3.1) 85 (2.9) 23 (4.1) 0.142
Cerebrovascular disease 375 (10.6) 329 (11.1) 46 (8.1) 0.037*
Malignancy 823 (23.3) 559 (18.8) 264 (46.6) <0.001*
Infection site
Respiratory tract 644 (18.2) 421 (14.2) 223 (39.4) <0.001*
Urinary tract 1762 (49.9) 1630 (54.9) 132 (23.3) <0.001*
Skin and soft tissue 120 (3.4) 95 (3.2) 25 (4.4) 0.162
Intra-abdominal 881 (24.9) 748 (25.2) 133 (23.5) 0.397
Others or unknown source 613 (17.4) 462 (15.6) 151 (26.7) <0.001*

ESBL: extended-spectrum beta-lactamase; [IAT: inappropriate initial antibiotic therapy; gSOFA: quick sepsis-related organ failure assessment; E. coli:
Escherichia coli; K. pneumonia: Klebsiella pneumoniae.
Data are presented as n (%) or mean * standard deviation.

*P<0.05.
Table 2. Initial antibiotic regimens administered within 6 h of ESBL production influence the in-hospital mortal-
ED registration. ity significantly in patients with E. coli and K.

Initial empiric regimens  Non-IIAT (1=3132)  IIAT (n=401)  pneumoniae BSIs. IIAT and time to antibiotics do
not seem to be significant predictors for in-hospital

Ertapenem 273 0

mortality.

Meropenem 27 0 . . .
Imipenem 12 0 In previous st}ldles,_ the findings suggested that
Doripenem 4 0 ESBL-positive infections were associated with
Piperacillin/tazobactam 112 4 higher mortality.!” However, recent researches have
Cefepime 58 10 questioned this viewpoint and have shown that
Ceftriaxone 915 106 there was a lack of adequate controlled studies, par-
Flomoxef 530 10 ticularly in the area of antibiotic treatment.'® In this
Cefuroxime 380 50 . .

, study, different effects are seen on the prognosis of
Quinolones 324 75 . R . . .
Orthers 497 146 patients, with the production of ESBL in E. coli and

K. pneumoniae after adjustment of antibiotic fac-
IIAT: inappropriate initial antibiotic therapy; ED: emergency department. tors. These ﬁndings suggest that we do not yet fu]]y
understand the differences between the two groups,
such as the factors in epidemiology and pathophysi-
ology. There seems to be a trend of K. pneumoniae
The major findings of this research were that infections being more severe than E. coli infections.
qSOFA score=2, comorbidities (liver cirrhosis,  Leistner et al.!® enrolled 1851 patients with E coli
chronic renal insufficiency and malignancy), and  and K. pneumoniae BSIs and found that the

Discussion
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Adjust OR (95% CI) P value
Pathogen species
Reference

E. coli ESBL-negative 4

E. coli ESBL-positive —— 1.08 (0.69-1.68) 0.739

K. pneumoniae ESBL-negative; —&— 1.70 (1.35-2.14) <0.001*

K. pneumoniae ESBL-positive 7 3 2.55(1.27-5.14) 0.009*
AT e 1.29 (0.90-1.84) 0.163
Time to antibiotics (+1 hour) @ 0.96 (0.87-1.05) 0.360
Age (+1 year) ® 1.01 (1.01-1.02) 0.010*
Male —— 1.41 (1.14-1.74) 0.001*
aSOFA score = 2 . 5.73 (4.48-7.32) <0.001*
Liver cirrhosis —_—— 2.19 (1.70-2.82) <0.001*
Diabetes mellitus - 0.70 (0.56-0.87) 0.002
Chronic renal insufficiency B — 3.06 (2.42-3.86) <0.001*
Cerebrovascular disease -e— 0.64 (0.44-0.93) 0.018
Malignancy — 3.52 (2.84-4.37) <0.001*

[ PN TR R PN R B
0 1 2 3 4 5 6 7 8

Figure |. Multivariable logistic regression of risk factors for in-hospital mortality after BSI with ESBL-positive or -negative

Escherichia coli and Klebsiella pneumonia.

BSL: bloodstream infection; ESBL: extended-spectrum beta-lactamase; IIAT: inappropriate initial antibiotic therapy; gSOFA: quick sepsis-related

organ failure assessment.
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Figure 2. The difference in mortality rate among patients with [IAT and non-lIAT with ESBL-negative BSI divided by qSOFA
score <2 and qSOFA score = 2. There is no significant different of mortality between non-lIAT and IIAT patients with ESBL-
negative bacteremia qSOFA score <2 (P=0.170) and qSOFA score = 2 (P=0.392).

BSL: bloodstream infection; ESBL: extended-spectrum beta-lactamase; IIAT: inappropriate initial antibiotic therapy; gSOFA: quick sepsis-related

organ failure assessment.

in-hospital mortality is higher in K. pneumoniae
BSIs (25.0% vs 18.5%, P=0.006). In a study by
Martelius et al.,>° among 2878 patients, K. pneumo-
niae BSIs (including ESBL positive and negative)
were higher than E. coli BSIs (including ESBL pos-
itive and negative) in a 28-day mortality period

(28%, 14.6% vs 14.3%, 11.9%). There may be con-
founding factors that are related to the increased
mortality of K. pneumoniae BSIs that have not been
assessed, and further investigation is needed.

In this study, there was no significant correlation
between IIAT and in-hospital mortality compared
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Figure 3. The difference in mortality rate among patients with IIAT and non-IIAT with ESBL positive BSI divided by gSOFA
score <2 and qSOFA score = 2. There was no significant difference in mortality rate between patients with [IAT and non-lIAT with
ESBL positive BSI dived by qSOFA score <2 (P=1.000) and qSOFA score = 2 (P=0.395).

BSL: bloodstream infection; ESBL: extended-spectrum beta-lactamase; IIAT: inappropriate initial antibiotic therapy; gSOFA: quick sepsis-related

organ failure assessment.
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Figure 4. The difference in mortality rate among patients with time to antibiotics 0—1, [-3, and 3—6 h divided by qSOFA score <2

and qSOFA score = 2 (excluding IIAT patients). The mortality rate was not significant different among patients with gSOFA
score <2 (P=0.079) but there was a significant difference among patients with gSOFA score = 2 (P=0.005).

qSOFA: quick sepsis-related organ failure assessment.

with non-IIAT. This result is different compared
with previous studies, in which ITAT is a significant
risk factor for poor prognosis in patients with severe
ESBL-producing bacterial infections.?'** The rea-
son for the difference may be due to comorbidities
and severity of the infection. Patients with more
severe infections have a higher chance of receiving
broad-spectrum antibiotics and non-IIAT treatment.
Therefore, compared with the IIAT group, the mor-
tality rate of the non-IIAT group will increase. In

patients with E. coli and K. pneumoniae BSIs, the
severity of infection (QSOFA score = 2) and comor-
bidities have a greater impact on prognosis than
ITAT. We have found that severe comorbidities
(such as cirrhosis, chronic renal insufficiency, and
malignant tumors) are independent risk factors
associated with in-hospital mortality.

In an often cited study, Kumar et al.?* included
2154 patients with septic shock between 1989 and
2004 and found that the increase in time between
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the first episode of hypotension and the use of
effective antibiotics was a risk factor for in-hospi-
tal mortality. However, only half of the patients
with septic shock received effective treatment
within 6 h of hypotension. When viewed from the
current perspective, the management of sepsis was
not performed proactively and the criteria for study
patient selection were less strict. In a meta-analysis
by Sterling et al.,, they found no significant
improvement in mortality due to early administra-
tion of antibiotics. For patients who had received
antibiotic treatment more than 3 h after ED triage
(reference time less than 3 h), the odds ratio for
mortality was only 1.16 (P=0.21).8

Although the timing of administration of antibi-
otics seems to affect mortality, the condition in
critical ill patients appears to be obscure or vice
versa because they are administered antibiotics
earlier. Our study selected patients who received
antibiotics within 6 h; the delay in antibiotic treat-
ment may be due to uncertain diagnosis and poten-
tially delayed care. Nearly 90% of the patients
received antibiotics within 3 h: patients with
qSOFA score <2 (2420/2740=88.3%) and patients
with qSOFA score =2(363/390=93.1%). Due to
the pathophysiology of sepsis and the resulting
organ dysfunction or failure, the effect of single-
dose antibiotic therapy on the survival rate of
patients cannot be deep and strong.

Our study had some limitations. First, the study
is a retrospective single-center design, which
belongs to local epidemiology and the criteria
for inclusion of patients may be affected by selec-
tion bias despite all our efforts. Second, due to
incomplete data, we cannot distinguish between
community-acquired infections and healthcare-
related infections; although the difference is impor-
tant, ESBL positive strains have an increasing
trend in hospital and community settings. Third,
there are many sepsis bundle data that cannot be
obtained, such as serum lactate, central venous
pressure, venous oxygen saturation, and subse-
quent changes in antibiotic treatment or serum
drug concentrations, and are not included and
should be the direction of future research.

Conclusion

The importance of using appropriate antibiotics
early in patients with infection has been overem-
phasized. For the in-hospital mortality of patients
with E. coli and K. pneumoniae BSIs, the time to

antibiotics and IIAT is not enough to have an
impact, because the severity of the disease
(qSOFA=2) is the key factor. Future research
needs to consider this result when formulating indi-
cators that improve and evaluate the quality of care.
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