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Abstract

Objectives

Complicated intra-abdominal infection (cIAI) is infection that extends beyond the hollow vis-

cus of origin into the peritoneal space, and is associated with either abscess formation or

peritonitis. There are few studies that have assessed the actual costs and outcomes associ-

ated with failure of initial antibiotic therapy for cIAI. The aims of this study were to evaluate

risk factors and impact on costs and outcomes of failure of initial antibiotic therapy for com-

munity-onset cIAI.

Methods

A retrospective study was performed at eleven tertiary-care hospitals. Hospitalized adults

with community-onset cIAI who underwent an appropriate source control procedure be-

tween August 2008 and September 2011 were included. Failure of initial antibiotic therapy

was defined as a change of antibiotics due to a lack of improvement of the clinical symptoms

and signs associated with cIAI in the first week.
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Results

A total of 514 patients hospitalized for community-onset cIAI were included in the analysis.

The mean age of the patients was 53.3 ± 17.6 years, 72 patients (14%) had health care-as-

sociated infection, and 48 (9%) experienced failure of initial antibiotic therapy. Failure of ini-

tial antibiotic therapy was associated with increased costs and morbidity. After adjustment

for covariates, patients with unsuccessful initial therapy received an additional 2.9 days of

parenteral antibiotic therapy, were hospitalized for an additional 5.3 days, and incurred

$3,287 in additional inpatient charges. Independent risk factors for failure of initial antibiotic

therapy were health care-associated infection, solid cancer, and APACHE II�13.

Conclusions

To improve outcomes and costs in patients with community-onset cIAI, rapid assessment of

health care-associated risk factors and severity of disease, selection of an appropriate anti-

biotic regimen accordingly, and early infection source control should be performed.

Introduction
Complicated intra-abdominal infection (cIAI) is an infection that extends beyond the hollow
viscus of origin into the peritoneal space, causing peritonitis or abscess formation. These infec-
tions typically require both surgical or percutaneous intervention and intravenous antimicrobi-
al therapy, and are associated with substantial morbidity and mortality. Despite improvements
in the management of cIAIs, mortality rates are still high, ranging from 2% in appendicitis to
as high as 30–35% in patients with peritonitis, depending on the anatomic origin, severity of in-
fection, and comorbidity [1–3]. cIAIs include community-acquired infections, where the gas-
trointestinal perforation may be located in the stomach, duodenum, jejunum, ileum, appendix,
or colon; and health care-associated infections, most commonly as a result of complications of
elective or emergency abdominal operations. Community-onset infections include communi-
ty-acquired infections and community-onset health care–associated infections [4].

Initial antibiotic therapy for cIAIs is usually empirical and sometimes problematic due to in-
creasing antibiotic resistance. Whereas empirical therapy with broad-spectrum antibiotics
might be more effective, its benefits must be weighed against its higher cost and the potential
risk of increasing antibiotic resistance. In contrast, although empirical therapy with narrow-
spectrum antibiotics may be less costly, it may be associated with a higher rate of clinical fail-
ure, thereby increasing total hospital costs. In addition to antibiotic administration, adequate
source control is crucial for successful therapy of cIAIs. There are few studies that have assessed
the actual costs and outcomes associated with failure of initial antibiotic therapy for cIAIs [5–
8]. In these studies, the impact of health care-associated infection was not assessed. The main
objectives of this study were to determine the frequency of failure of initial antibiotic therapy
for community-onset cIAIs (including health care-associated cIAIs) and to determine the asso-
ciated impact on medical costs and clinical outcomes. Secondary objectives were to identify po-
tential risk factors contributing to failure of initial antibiotic therapy and to determine the
epidemiology of the microorganisms in South Korea.
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Methods

Ethics Statement
This study was reviewed and approved by the Institutional Review Boards of Asan Medical
Center (IRB number: 2011–0719), Gyeongsang National University Hospital (2011–082),
CheongJu St. Mary's Hospital (IRB-53), Chung-Ang University Hospital (C2011161), Kyung
Hee University Hospital (1126–04), Soon Chun Hyang University Bucheon Hospital (2011–
85), Ulsan Unversity Hospital (2011–092), Soon Chun Hyang University Cheonan Hospital
(2011–105), GangNeung Asan Hospital (2011–038), Soon Chun Hyang University Seoul Hos-
pital (2011–109), and Dongguk University Ilsan Hospital (2011–73). Written patient consent
was waived by all sites in view of the retrospective and observational nature of the study. The
complete protection of patients’ personal data was guaranteed according to the South Korea’s
Bioethics and Safety Act.

Study population and design
A retrospective study was performed at eleven tertiary-care hospitals in South Korea. Hospital-
ized adults (�18 years old) with community-onset cIAI who underwent an appropriate source
control procedure such as laparotomy, laparoscopy, or percutaneous drainage of an intra-ab-
dominal abscess between August 2008 and September 2011 were included. cIAIs included con-
ditions such as intra-abdominal abscess related to previous intra-abdominal operations,
secondary bacterial peritonitis, appendicitis complicated by perforation and/or a periappendi-
ceal abscess, perforated diverticulitis complicated by abscess formation or fecal contamination,
complicated cholecystitis with evidence of perforation, empyema, or gangrene, perforation of a
gastric or duodenal ulcer with symptoms exceeding 24 hours in duration, and perforation of
the large or small intestine with abscess or fecal contamination [9]. Computerized patient rec-
ords were used to identify potential study subjects using the International Classification of Dis-
ease 10th edition codes. Then, manual reviews of their medical records were conducted to
confirm whether study criteria were met.

Community-onset infection was classified into community-acquired infection and health
care-associated infection. Community-onset health care–associated infection was defined
when at least one of the following health care risk factors was present: [1] presence of an inva-
sive device (eg, vascular catheter and gastric feeding tube) at the time of admission; [2] a history
of methicillin-resistant Staphylococcus aureus (MRSA) infection or colonization; and [3] a his-
tory of surgery, hospitalization, dialysis, or residence in a long-term care facility in the 12
months preceding the diagnosis of cIAI [4,10].

Data collection and definitions
Demographic characteristics, laboratory results, underlying diseases or conditions, site of infec-
tion, microbiology and antibiogram results, patient management (including source control and
antimicrobial therapy received), clinical outcomes, and direct medical costs from the perspec-
tives of the Korean National Health Insurance Corporation were recorded. Failure of initial an-
tibiotic therapy (unsuccessful initial antibiotic therapy) was defined as a change of antibiotics
due to a lack of improvement of the clinical symptoms and signs associated with cIAI within
the first week of admission. A change to narrower spectrum antibiotics in patients with clinical
improvement was not considered as failure of initial antibiotic therapy. To clearly compare pa-
tients with unsuccessful initial antibiotic therapy and those with successful initial antibiotic
therapy, patients who underwent additional operative intervention or died within the first
week of admission were excluded in the analysis.
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Outcomes
The primary outcomes were frequency of failure of initial antibiotic therapy, total length of
hospital stay, total parenteral antibiotic days, overall medical costs, and in-hospital mortality.
The overall medical costs of hospitalization were calculated using standardized reimbursement
rates set by the Korean National Health Insurance System. This was possible because South
Korea has a national health insurance system with universal coverage of the population. The
secondary outcomes were the assessment of risk factors associated with failure of initial antibi-
otic therapy and the epidemiology of the microorganisms isolated in community-onset cIAIs.

Statistical analysis
Comparisons between patients with unsuccessful initial antibiotic therapy and those with suc-
cessful initial antibiotic therapy were performed. Categorical variables were compared using
the χ2 test or Fisher’s exact test, as appropriate. Normally and non-normally distributed con-
tinuous variables were compared using Student’s t-test and the Mann-Whitney U test, respec-
tively. Significant variables with P values less than 0.05 in the univariate analysis were included
in the multiple logistic regression model to identify independent risk factors associated with
failure of initial antibiotic therapy.

The Republic of Korea has universal health coverage of its population, and the national
health insurance system pays health care providers on a fee-for-service basis. The overall costs
of antibiotic therapy and hospitalization in patients with cIAI were calculated using the stan-
dardized reimbursement rates set by the Korean National Health Insurance System. To investi-
gate the factors that affected parenteral antibiotic days, length of hospitalization, and overall
costs, univariate linear regression analyses were carried out and the independent covariates
were indentified through multiple linear regression analysis. Because the distribution of these
variables was skewed, a natural log transformation was performed for the analysis. An analysis
of covariance model was used to assess the adjusted mean differences in parenteral antibiotic
days, hospital length of stay, and overall costs between the patient groups of successful initial
therapy and unsuccessful initial therapy. A two-tailed P value less than 0.05 was considered sta-
tistically significant. All statistical analyses were performed using SPSS software, version 18.0
(SPSS Inc., Chicago, IL, USA).

Results

Baseline and clinical characteristics
A total of 539 consecutive patients hospitalized for community-onset cIAI were included. Of
these patients, 25 patients who underwent additional operative intervention or died within the
first week of admission were excluded and a total of 514 patients were finally included in the
analysis. The mean age of the patients was 53.3 ± 17.6 years, 61% (312/514) were male, and
14% (72/514) had health care-associated infection. The most common intraabdominal diagno-
sis was complicated appendicitis (52%), followed by perforation of the intestine (17%), and
perforated duodenal ulcer (16%). Half of the patients had generalized peritonitis. Among the
patients included in the study, 180 had documented information on the pathogen (initial posi-
tive culture results). Baseline and clinical characteristics were similar between patients with
positive culture and patients without positive culture.

Initial antibiotic therapy was successful in 466 (86%) patients and unsuccessful in 48 (9%)
patients. Table 1 shows the baseline characteristics of these two groups. Patients with unsuc-
cessful initial antibiotic therapy were more likely to be older, to have received ICU care, and to
have health care-associated infection, underlying medical conditions, intestinal perforation,
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Table 1. Baseline and clinical characteristics of 514 patients with community-onset complicated intraabdominal infection stratified by failure or
success of initial antibiotic therapy.

Characteristic Total, Initial antibiotic therapy P value

n = 514 (%) Failure, Success,

n = 48 (%) n = 466 (%)

Age, median (IQR) 53.5 (39–68) 60 (52–72.5) 53 (38–67) 0.004

Male 312 (60.7) 29 (60.4) 283 (60.7) 0.966

ICU care 165 (32.1) 23 (47.9) 142 (30.5) 0.014

Epidemiologic category <0.001

Community-acquired 442 (86.0) 21 (43.8) 421(90.3)

Health care-associated 72 (14.0) 27 (56.3) 45 (9.7)

Underlying medical conditions

None 282 (54.9) 17 (35.4) 265 (56.9) 0.004

Diabetes mellitus 48 (9.3) 5 (10.4) 43 (9.2) 0.794

Heart disease 21 (4.1) 5 (10.4) 16 (3.4) 0.037

Neurologic disease 28 (5.4) 7 (14.6) 21 (4.5) 0.010

Chronic renal failure 10 (1.9) 3 (6.3) 7 (1.5) 0.057

Liver cirrhosis 13 (2.5) 3 (6.3) 10 (2.1) 0.112

Hematologic malignancy 6 (1.2) 2 (4.2) 4 (0.9) 0.100

Solid tumor 29 (5.6) 9 (18.8) 20 (4.3) 0.001

Alcohol abuse 11 (2.1) 1 (2.1) 10 (2.1) 0.999

Steroid user 6 (1.2) 1 (2.1) 5 (1.1) 0.446

Primary intraabdominal diagnosis

Intraabdominal abscess 13 (2.5) 2(4.2) 11(2.4) 0.347

Complicated appendicitis 268 (52.1) 16 (33.3) 252 (54.1) 0.006

Complicated diverticulitis 12 (2.3) 2 (4.2) 10 (2.1) 0.311

Complicated cholecystitis 13 (2.5) 2 (4.2) 11 (2.4) 0.347

Perforated gastric ulcer 33 (6.4) 6 (12.5) 27 (5.8) 0.111

Perforated duodenal ulcer 82 (16.0) 4 (8.3) 78 (16.7) 0.130

Perforation of intestine 86 (16.7) 16 (33.3) 70 (15.0) 0.001

Other 7 (1.3) - 7 (1.5) -

Anatomic site of infectiona

Appendix 273 (53.1) 16 (33.3) 257 (55.2) 0.004

Colon 72 (14.0) 12 (25.0) 60 (12.9) 0.021

Small bowel 37 (7.2) 6 (12.5) 31 (6.7) 0.142

Stomach/duodenum 120 (23.3) 10 (20.8) 110 (23.6) 0.666

Other 28 (5.4) 5 (10.4) 23 (4.9) 0.168

Infectious process

Generalized peritonitis 254 (49.4) 29 (60.4) 225 (48.3) 0.109

Localized infection 229 (44.6) 17 (35.4) 212 (45.5) 0.181

Multiple abscesses 5 (1.0) 1 (2.1) 4 (0.9) 0.389

Single abscess 26 (5.1) 1 (2.1) 25 (5.4) 0.497

APACHE II �13 110 (21.4) 18 (37.5) 92 (19.7) 0.004

Time to first operation or intervention, h, mean (IQR) 7 (4.5–12) 8 (4.7–22) 7 (4.5–12) 0.269

Except where noted, values in parentheses indicate percentages.

IQR, interquartile range; APACHE, Acute Physiology and Chronic Heath Evaluation.
a Some patients had multiple sites of infection.

doi:10.1371/journal.pone.0119956.t001
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and severe disease than patients with successful initial antibiotic therapy. Time to the operation
or intervention was similar between the two groups.

Pathogens
Bacterial organisms isolated from cultures of blood and surgical samples obtained during or
within 48 hours of surgery/intervention are shown in Table 2. There were 223 pathogens isolat-
ed from 180 patients. Two or more pathogens were isolated in 39 patients. Escherichia coli was
the most frequently identified pathogen (42%), followed by streptococcus species (15%), En-
terococcus species (12%), and Klebsiella pneumoniae (8%). When compared between patients
with unsuccessful and successful initial antibiotic therapy, there was no significant difference
in the distribution of pathogens and antibiotic susceptibility patterns. Streptococcus species
were marginally more likely to be isolated in community-acquired infection than in health
care-associated infection (P = 0.084), whereas Enterococcus species and S. aureus were more
likely to be isolated in health care-associated infection (P = 0.001 and P = 0.028, respectively).

The extended-spectrum cephalosporin resistance rate among Enterobacteriaceae isolates
causing community-acquired infection was 6% (7/111) and that among Enterobacteriaceae iso-
lates causing health care-associated infection was 21% (6/29). Carbapenem resistant Enterobac-
teriaceae strain was not isolated. Eighty-five percent (29/34) of Streptococcus species isolates
were susceptible to penicillin, and 85% (22/26) of Enterococcus species isolates were susceptible
to ampicillin.

Initial antibiotic therapy
The most commonly used empirical antibiotic regimen was third generation cephalosporin
plus metronidazole (52%) (Table 3). The pattern of initial antibiotic therapy was similar be-
tween patients with unsuccessful and successful initial antibiotic therapy.

Table 2. Pathogens isolated from 180 patients with community-onset complicated intraabdominal infection within 48 hours of surgery or
intervention.

Pathogen isolated Total, Community-acquired infection, Health care-associated infection,

n = 223 (%) n = 171 (%) n = 52 (%)

Escherichia coli 94 (42.2) 76 (44.4) 18 (34.6)

Viridans streptococcus and β-hemolytic streptococcus 34 (15.2) 30 (17.5) 4 (7.7)

Enterococcus speciesa 26(11.7) 13 (7.6) 13 (25.0)

Klebsiella pneumoniae 18 (8.1) 13 (8.2) 5 (9.6)

Citrobacter species 10 (4.5) 7 (4.1) 3 (5.8)

Enterobacter species 9 (4.0) 7 (4.1) 2 (3.8)

Pseudomonas aeruginosa 7 (3.1) 6 (3.5) 1 (1.9)

Staphylococcus aureusa 6 (2.7) 2 (1.2) 4 (7.7)

Candida species 5 (2.2) 4 (2.3) 1 (1.9)

Proteus species 5 (2.2) 5 (2.9) -

Klebsiella oxytoca 2 (0.9) 1 (0.6) 1 (1.9)

Bacteroides fragilis 3 (1.3) 3 (1.8) -

Serratia species 1 (0.4) 1 (0.6) -

Other 3 (1.3) 3 (1.8) -

a P value <0.05 between the two groups.

doi:10.1371/journal.pone.0119956.t002
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Outcomes and costs
Patients with unsuccessful initial antibiotic therapy had poor clinical outcomes and incurred
higher medical costs, compared with patients with successful initial antibiotic therapy
(Table 4). Failure of initial antibiotic therapy was significantly associated with increased mor-
tality. Using multiple linear regression analysis, we found that health care-associated infection,
steroid use, neurologic disease or malignancy as a comorbid condition, generalized peritonitis,
ICU care, and Acute Physiology and Chronic Heath Evaluation (APACHE) II score�13 were
significantly related to the number of parenteral antibiotic days. Similarly, we found that health
care-associated infection, steroid use, malignancy, generalized peritonitis, ICU care, and
APACHE II�13 were significantly related to hospital length of stay and medical costs. After
adjustment for these covariates, patients with unsuccessful initial therapy received an addition-
al 2.9 days of parenteral antibiotic therapy (95% confidence interval [CI], 0.8–4.9 days), were
hospitalized for an additional 5.3 days (95% CI, 2.0−8.5 days), and incurred $3,287 (US dollars)
in additional inpatient charges (95% CI, $2,070−$4,505) (Table 5).

Risk factors for failure of initial antibiotic therapy
Among significant univariate variables with P values<0.05 in Table 1, age, ICU care, health
care-associated infection, heart disease, neurologic disease, solid cancer, complicated appendi-
citis, perforation of intestine, and APACHE II�13 were included in the multiple logistic re-
gression model. Independent risk factors associated with failure of initial antibiotic therapy
were health care-associated infection (adjusted odds ratio [aOR], 9.95; 95% CI, 5.09−19.4;
P<0.001), solid cancer (aOR, 2.96; 95% CI, 1.12−7.84; P = 0.029), and APACHE II�13 (aOR,
2.34; 95% CI, 1.16−4.70; P = 0.017).

Table 3. Initial antibiotic regimen in 514 patients with community-onset complicated intraabdominal infection.

Initial antibiotic regimen Total, Initial antibiotic therapy

n = 514 (%) Failure, Success,

n = 48 (%) n = 466 (%)

Monotherapy 112 (21.7) 9 (18.8) 103 (22.1)

1st g. cephalosporin 2 (0.4) 1 (2.1) 1 (0.2)

2nd g. cephalosporin or cephamycin 24 (4.7) - 24 (5.2)

3rd g. cephalosporin 50 (9.7) 4 (8.3) 46 (9.9)

β-lactam/β-lactamase inhibitor 10 (1.9) - 10 (2.1)

Fluoroquinolone 9 (1.7) - 9 (1.9)

Carbapenem 11 (2.1) 3 (6.3) 8 (1.7)

Metronidazole 6 (1.2) 1 (2.1) 5 (1.1)

Combination therapy 402 (78.3) 39 (81.3) 363 (77.9)

2nd g. cephalosporin or cephamycin + metronidazole 76 (14.8) 3 (6.3) 73 (15.7)

3rd g. cephalosporin + metronidazole 266 (51.8) 26 (54.2) 240 (51.5)

Fluoroquinolone + metronidazole 25 (4.9) 4 (8.3) 21 (4.5)

β-lactam/β-lactamase inhibitor + metronidazole 7 (1.4) 1 (2.1) 6 (1.3)

3rd g. cephalosporin + metronidazole + aminoglycoside 13(2.5) - 13 (2.8)

Carbapenem + glycopeptide 4 (0.8) 1 (2.1) 3 (0.6)

Othera 11 (2.1) 4 (8.3) 7 (1.5)

g., generation.
a Each “other” regimen was used in fewer than 1% of patients.

doi:10.1371/journal.pone.0119956.t003
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Discussion
We found that 9% of patients admitted from the community with cIAI experienced failure of
initial antibiotic therapy in South Korea. Failure of initial antibiotic therapy was associated
with poor clinical outcomes and increased costs. After adjustment for covariates, failure of ini-
tial antibiotic therapy was significantly associated with longer duration of antibiotic therapy
(2.9 additional days), increased length of hospital stay (5.3 additional days), and higher medical
costs ($3,287 additional). Independent risk factors for the failure of initial antibiotic therapy
were health care-associated infection, solid cancer, and APACHE II�13.

In the previous studies with a similar operational definition of the failure of initial antibiotic
therapy in cIAIs, the failure rate of initial antibiotic therapy was 21–27% [5,6]. In contrast, the
failure rate in the present study was only 9%. The relatively low failure rate may be probably be-
cause most patients in the present study were treated with broad-spectrum cephalosporin
based regimen whereas most patients in the previous studies received a β-lactam/β-lactamase
inhibitor such as amoxicillin/clavulanate. However, a direct comparison of the effect of the ini-
tial antibiotic regimen between studies performed in different countries and settings has no
clinical meaning. Clinical outcome, cost-effectiveness, and effect on antibiotic resistance of em-
pirical broad-spectrum cephalosporin versus empirical β-lactam/β-lactamase inhibitor for
cIAIs need to be further evaluated in South Korea.

There are a few studies examining the impact of initial antibiotic therapy for cIAIs on out-
comes and medical costs [5–8]. Inappropriate initial antibiotic therapy or failure of initial ther-
apy was associated with poor outcomes and increased costs. However, in these studies, the
epidemiological category of infection (community-acquired versus health care-associated) was
not assessed, or only patients with community-acquired cIAI were enrolled. In the present
study, we enrolled all patients with community-onset cIAI encompassing health care-

Table 4. Outcomes of 514 patients with community-onset complicated intraabdominal infection stratified by failure or success of initial antibiotic
therapy.

Outcome and cost Total, Initial antibiotic therapy P value

n = 514 Failure, Success,

n = 48 n = 466

Development of tertiary peritonitis (%) 14 (2.7) 5 (10.4) 9 (1.9) 0.006

In-hospital mortality (%) 16 (3.1) 6 (12.5) 10 (2.1) 0.002

Parenteral antibiotic days, median (IQR) 8 (6–12) 14.5 (8–23.5) 7 (6–11) <0.001

Hospital length of stay, median days (IQR) 9 (7–15) 15 (10–27.5) 9 (7–14) <0.001

Overall medical costs, median $ (US dollars, IQR) 3805 (2640−6306) 6981 (3964−15528) 3707 (2617−5641) <0.001

doi:10.1371/journal.pone.0119956.t004

Table 5. Covariate adjusted means of parenteral antibiotic days, length of hospital stay, and overall costs of hospitalization stratified by failure or
success of initial antibiotic therapy.

Initial antibiotic therapy Difference 95% CI of difference

Failure, n = 48 Success, n = 466

Parenteral antibiotic days 13.5 10.6 2.9 0.8–4.9

Length of hospital stay, days 18.9 13.7 5.3 2.0−8.5

Overall costs, $ (US dollars) 9,176 5,889 3,287 2,070−4,505

CI, confidence interval.

doi:10.1371/journal.pone.0119956.t005
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associated infection and found that failure of initial antibiotic therapy adversely affected mor-
tality and medical costs. In addition, we found that health care-associated infection was an in-
dependent risk factor for the failure of initial antibiotic therapy and increased length of stay
and costs in community-onset cIAIs. Since community-onset cIAIs usually require an urgent
or emergent operation, an assessment of health care-associated risk factors may frequently be
overlooked, and community-onset health care-associated cIAIs may be regarded and treated as
community-acquired cIAIs. Antimicrobial-resistant pathogens are more common in health
care-associated cIAI than in community-acquired cIAI [11]. Therefore, to reduce failure of ini-
tial antibiotic therapy and improve outcomes and costs in patients admitted from the commu-
nity with cIAI, it is important to evaluate health care-associated risk factors, select an
appropriate antibiotic regimen accordingly, and perform early and adequate source control.

In the practice guidelines for cIAIs, empirical anti-enterococcal therapy is recommended
for patients with health care-associated infection, particularly those with postoperative infec-
tion, those who have previously received antibiotics selecting for Enterococcus species, and im-
munocompromised patients [4,12–15]. Empirical anti-MRSA therapy is also recommended for
patients with health care-associated infection who are known to be colonized with MRSA or at
risk of having MRSA infection due to prior significant antibiotic exposure [4]. In the present
study, Enterococcus species and MRSA accounted for about 33% of community-onset health
care-associated cIAIs and were significantly more likely to be isolated in community-onset
health care-associated cIAIs than in community-acquired cIAIs. Therefore, anti-enterococcal
and anti-MRSA coverage should be considered in patients with severe community-onset heath
care-associated cIAI to prevent failure of initial antibiotic therapy.

Our study has several limitations. Microbial pathogens were isolated in only 35% of patients
with cIAI, and most infections were monomicrobial. Therefore, the analysis of the appropriate-
ness of selected initial antibiotics against isolated pathogens was difficult in the present study,
because this could be done in a limited number of patients and was not thought to be reliable
enough. In the real clinical situation, many surgeons do not routinely obtain operative speci-
mens for bacterial culture in cIAIs. Also in the practice guidelines for cIAIs, routine cultures
from lower-risk patients with community-acquired cIAI are considered optional [4,16,17].
Therefore, to suggest the recommendation of appropriate empirical antibiotic regimens for
community-onset cIAIs in South Korea, microbiological and susceptibility data obtained from
routine cultures of operative specimens in prospective studies are required. Recently, Blot et al.
proposed an alternative classification of intra-abdominal infections for selecting adequate em-
pirical antibiotics [18]. This classification has a grid based on anatomical disruption, severity of
disease, and either site of acquisition and/or recent antibiotic exposure. This grid should be val-
idated in these future prospective studies. In addition, in contrast with previous studies
[5,8,19], anaerobes were isolated in a small proportion of patients in the present study. This
was probably because of inadequate anaerobic culture rather than different epidemiology. For
adequate anaerobic culture results, rapid submission of specimens to the laboratory is required
[20]. However, in most hospitals in South Korea, most operative or drainage specimens tend
not to be delivered within the appropriate time frame to the laboratory, and anaerobic cultures
are usually not performed in most drainage specimens. In a future prospective study, these
problems pertaining to anaerobic culture should be considered and resolved.

In conclusion, failure of initial antibiotic therapy in community-onset cIAIs was significant-
ly associated with longer duration of antibiotic therapy, increased length of hospital stay, and
higher medical costs, even after adjustment for potential confounders. Independent risk factors
for failure of initial antibiotic therapy were health care-associated infection, solid cancer, and
APACHE II�13. Therefore, to improve outcomes and costs in patients with community-onset
cIAI, rapid assessment of health care-associated risk factors and severity of disease, selection of
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an appropriate antibiotic regimen accordingly, and early infection source control should be
performed.
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(XLSX)

Author Contributions
Conceived and designed the experiments: YPC YSK. Performed the experiments: IGB SRL
JWC JBJ EJC SYMMHJ EHS EJL SYP. Analyzed the data: YPC EJC MSL. Wrote the paper:
YPC YSK.

References
1. Barie PS, Hydo LJ, Eachempati SR. Longitudinal outcomes of intra-abdominal infection complicated by

critical illness. Surgical infections. 2004; 5(4):365–73. PMID: 15744128

2. Christou NV, Barie PS, Dellinger EP, Waymack JP, Stone HH. Surgical Infection Society intra-abdomi-
nal infection study. Prospective evaluation of management techniques and outcome. Arch Surg. 1993;
128(2):193–8; discussion 8–9. PMID: 8431120

3. Schein M. Management of severe intra-abdominal infection. Surg Annu. 1992; 24 Pt 1:47–68.

4. Solomkin JS, Mazuski JE, Bradley JS, Rodvold KA, Goldstein EJ, Baron EJ, et al. Diagnosis and man-
agement of complicated intra-abdominal infection in adults and children: guidelines by the Surgical In-
fection Society and the Infectious Diseases Society of America. Clin Infect Dis. 2010; 50(2):133–64.
doi: 10.1086/649554 PMID: 20034345

5. Cattan P, Yin DD, Sarfati E, Lyu R, De Zelicourt M, Fagnani F. Cost of care for inpatients with communi-
ty-acquired intra-abdominal infections. Eur J Clin Microbiol Infect Dis. 2002; 21(11):787–93. PMID:
12461588

6. Edelsberg J, Berger A, Schell S, Mallick R, Kuznik A, Oster G. Economic consequences of failure of ini-
tial antibiotic therapy in hospitalized adults with complicated intra-abdominal infections. Surgical infec-
tions. 2008; 9(3):335–47. doi: 10.1089/sur.2006.100 PMID: 18570575

7. Krobot K, Yin D, Zhang Q, Sen S, Altendorf-Hofmann A, Scheele J, et al. Effect of inappropriate initial
empiric antibiotic therapy on outcome of patients with community-acquired intra-abdominal infections
requiring surgery. Eur J Clin Microbiol Infect Dis. 2004; 23(9):682–7. PMID: 15322931

8. Tellado JM, Sen SS, Caloto MT, Kumar RN, Nocea G. Consequences of inappropriate initial empiric
parenteral antibiotic therapy among patients with community-acquired intra-abdominal infections in
Spain. Scand J Infect Dis. 2007; 39(11–12):947–55.

9. Babinchak T, Ellis-Grosse E, Dartois N, Rose GM, Loh E, Tigecycline 301 Study G, et al. The efficacy
and safety of tigecycline for the treatment of complicated intra-abdominal infections: analysis of pooled
clinical trial data. Clin Infect Dis. 2005; 41 Suppl 5:S354–67. PMID: 16080073

10. Klevens RM, Morrison MA, Nadle J, Petit S, Gershman K, Ray S, et al. Invasive methicillin-resistant
Staphylococcus aureus infections in the United States. JAMA. 2007; 298(15):1763–71. PMID:
17940231

11. Chen YH, Hsueh PR. Changing bacteriology of abdominal and surgical sepsis. Curr Opin Infect Dis.
2012; 25(5):590–5. doi: 10.1097/QCO.0b013e32835635cb PMID: 22744317

12. Blot S, DeWaele JJ. Critical issues in the clinical management of complicated intra-abdominal infec-
tions. Drugs. 2005; 65(12):1611–20. PMID: 16060697

13. Montravers P, Chalfine A, Gauzit R, Lepape A, Pierre Marmuse J, Vouillot C, et al. Clinical and thera-
peutic features of nonpostoperative nosocomial intra-abdominal infections. Ann Surg. 2004; 239
(3):409–16. PMID: 15075660

14. Montravers P, Lepape A, Dubreuil L, Gauzit R, Pean Y, Benchimol D, et al. Clinical and microbiological
profiles of community-acquired and nosocomial intra-abdominal infections: results of the French pro-
spective, observational EBIIA study. J Antimicrob Chemother. 2009; 63(4):785–94. doi: 10.1093/jac/
dkp005 PMID: 19196742

15. Mazuski JE. Antimicrobial treatment for intra-abdominal infections. Expert Opin Pharmacother. 2007; 8
(17):2933–45. PMID: 18001254

Costs of Initial Antibiotic Treatment Failure

PLOS ONE | DOI:10.1371/journal.pone.0119956 April 24, 2015 10 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0119956.s001
http://www.ncbi.nlm.nih.gov/pubmed/15744128
http://www.ncbi.nlm.nih.gov/pubmed/8431120
http://dx.doi.org/10.1086/649554
http://www.ncbi.nlm.nih.gov/pubmed/20034345
http://www.ncbi.nlm.nih.gov/pubmed/12461588
http://dx.doi.org/10.1089/sur.2006.100
http://www.ncbi.nlm.nih.gov/pubmed/18570575
http://www.ncbi.nlm.nih.gov/pubmed/15322931
http://www.ncbi.nlm.nih.gov/pubmed/16080073
http://www.ncbi.nlm.nih.gov/pubmed/17940231
http://dx.doi.org/10.1097/QCO.0b013e32835635cb
http://www.ncbi.nlm.nih.gov/pubmed/22744317
http://www.ncbi.nlm.nih.gov/pubmed/16060697
http://www.ncbi.nlm.nih.gov/pubmed/15075660
http://dx.doi.org/10.1093/jac/dkp005
http://dx.doi.org/10.1093/jac/dkp005
http://www.ncbi.nlm.nih.gov/pubmed/19196742
http://www.ncbi.nlm.nih.gov/pubmed/18001254


16. Dougherty SH. Antimicrobial culture and susceptibility testing has little value for routine management of
secondary bacterial peritonitis. Clin Infect Dis. 1997; 25 Suppl 2:S258–61. PMID: 9310698

17. Kokoska ER, Silen ML, Tracy TF Jr, Dillon PA, Kennedy DJ, Cradock TV, et al. The impact of intrao-
perative culture on treatment and outcome in children with perforated appendicitis. J Pediatr Surg.
1999; 34(5):749–53. PMID: 10359176

18. Blot S, DeWaele JJ, Vogelaers D. Essentials for selecting antimicrobial therapy for intra-abdominal in-
fections. Drugs 2012; 72:e17–32. doi: 10.2165/11599800-000000000-00000 PMID: 22480338

19. Towfigh S, Pasternak J, Poirier A, Leister H, Babinchak T. A multicentre, open-label, randomized com-
parative study of tigecycline versus ceftriaxone sodium plus metronidazole for the treatment of hospital-
ized subjects with complicated intra-abdominal infections. Clin Microbiol Infect. 2010; 16(8):1274–81.
doi: 10.1111/j.1469-0691.2010.03122.x PMID: 20670293

20. Moore-Gillon JC, Eykyn SJ, Phillips I. Microbiology of pyogenic liver abscess. Br Med J (Clin Res Ed).
1981; 283(6295):819–21. PMID: 6794712

Costs of Initial Antibiotic Treatment Failure

PLOS ONE | DOI:10.1371/journal.pone.0119956 April 24, 2015 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/9310698
http://www.ncbi.nlm.nih.gov/pubmed/10359176
http://dx.doi.org/10.2165/11599800-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22480338
http://dx.doi.org/10.1111/j.1469-0691.2010.03122.x
http://www.ncbi.nlm.nih.gov/pubmed/20670293
http://www.ncbi.nlm.nih.gov/pubmed/6794712


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


