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ABSTRACT

Background: This study evaluated the antimicrobial susceptibility of pathogens isolated from 
Korean patients with intraabdominal infections (IAIs).
Methods: This multicenter study was conducted at 6 university-affiliated hospitals in Korea 
between 2016 and 2018. All patients with microbiologically proven IAIs were retrospectively 
included, while patients with spontaneous bacterial peritonitis or continuous ambulatory 
peritoneal dialysis peritonitis were excluded. Identification and antimicrobial susceptibility 
testing were performed using automated microbiology systems.
Results: A total of 2,114 non-duplicated clinical isolates were collected from 1,571 
patients. Among these pathogens, 510 (24.1%) were isolated from nosocomial infections, 
and 848 isolates (40.1%) were associated with complicated IAIs. The distribution of the 
microorganisms included aerobic gram-negative (62.6% of isolates), aerobic gram-positive 
(33.7%), anaerobic (0.9%), and fungal (2.8%) pathogens. The most common pathogens 
were Escherichia coli (23.8%), followed by Enterococcus spp. (23.1%) and Klebsiella spp. (19.8%). 
The susceptibility rates of E. coli and Klebsiella spp. to major antibiotics were as follows: 
amoxicillin/clavulanate (62.5%, 83.0%), cefotaxime (61.4%, 80.7%), ceftazidime (63.7%, 
83.1%), cefepime (65.3%, 84.3%), ciprofloxacin (56.4%, 86.3%), piperacillin/tazobactam 
(99.0%, 84.8%), amikacin (97.4%, 98.3%), and imipenem (99.8%, 98.8%). The susceptibility 
rates of Enterococcus spp. to ampicillin were 61.0%, amoxicillin/clavulanate, 63.6%; 
ciprofloxacin, 49.7%; imipenem, 65.2%; and vancomycin, 78.2%. The susceptibility rates of 
Pseudomonas aeruginosa and Acinetobacter spp. to imipenem were 77.4% and 36.7%, respectively.
Conclusion: Enterococcus spp. with susceptibility to limited antibiotics was one of the main 
pathogens in Korean IAIs, along with E. coli and Klebsiella spp., which were highly susceptible to 
imipenem, amikacin, and piperacillin/tazobactam. Meanwhile, the low susceptibilities of E. coli or 

J Korean Med Sci. 2019 Dec 9;34(47):e309
https://doi.org/10.3346/jkms.2019.34.e309
eISSN 1598-6357·pISSN 1011-8934

Original Article

Young Kyung Yoon ,1 Jieun Kim ,2 Chisook Moon ,3 Mi Suk Lee ,4 Jian Hur ,5 
Hojin Lee ,1 and Shin-Woo Kim  6

1Division of Infectious Diseases, Department of Internal Medicine, Korea University College of Medicine, Seoul, 
Korea

2Division of Infectious Diseases, Department of Internal Medicine, Hanyang University College of Medicine, 
Seoul, Korea

3Division of Infectious Diseases, Department of Internal Medicine, Inje University College of Medicine, Busan, 
Korea

4Division of Infectious Diseases, Department of Internal Medicine, Kyung Hee University School of Medicine, 
Seoul, Korea

5Division of Infectious Diseases, Department of Internal Medicine, Yeungnam University College of Medicine, 
Daegu, Korea

6Division of Infectious Diseases, Department of Internal Medicine, Kyungpook National University School of 
Medicine, Daegu, Korea

Antimicrobial Susceptibility of 
Microorganisms Isolated from Patients 
with Intraabdominal Infection in 
Korea: a Multicenter Study

Received: Aug 30, 2019
Accepted: Nov 7, 2019

Address for Correspondence: 
Shin-Woo Kim, MD, PhD
Division of Infectious Diseases, Department 
of Internal Medicine, Kyungpook National 
University School of Medicine, 130  
Dongduk-ro, Jung-gu, Daegu 41944,  
Republic of Korea
E-mail: ksw2kms@knu.ac.kr

© 2019 The Korean Academy of Medical 
Sciences.
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Young Kyung Yoon 
https://orcid.org/0000-0001-8435-935X
Jieun Kim 
https://orcid.org/0000-0002-6214-3889
Chisook Moon 
https://orcid.org/0000-0002-9063-9312
Mi Suk Lee 
https://orcid.org/0000-0001-8951-5032
Jian Hur 
https://orcid.org/0000-0003-3219-8368
Hojin Lee 
https://orcid.org/0000-0003-2736-7286
Shin-Woo Kim 
https://orcid.org/0000-0002-3755-8249

Infectious Diseases, 
Microbiology & Parasitology

https://jkms.org
https://orcid.org/0000-0001-8435-935X
https://orcid.org/0000-0002-6214-3889
https://orcid.org/0000-0002-9063-9312
https://orcid.org/0000-0001-8951-5032
https://orcid.org/0000-0003-3219-8368
https://orcid.org/0000-0003-2736-7286
https://orcid.org/0000-0002-3755-8249
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-8435-935X
https://orcid.org/0000-0001-8435-935X
https://orcid.org/0000-0002-6214-3889
https://orcid.org/0000-0002-6214-3889
https://orcid.org/0000-0002-9063-9312
https://orcid.org/0000-0002-9063-9312
https://orcid.org/0000-0001-8951-5032
https://orcid.org/0000-0001-8951-5032
https://orcid.org/0000-0003-3219-8368
https://orcid.org/0000-0003-3219-8368
https://orcid.org/0000-0003-2736-7286
https://orcid.org/0000-0003-2736-7286
https://orcid.org/0000-0002-3755-8249
https://orcid.org/0000-0002-3755-8249
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2019.34.e309&domain=pdf&date_stamp=2019-11-15


Funding
This research work was supported financially 
by Chong Kun Dang Pharmaceutical Corp 
(2019). The funders had no role in the study 
design, data collection and analysis, decision 
to publish, or preparation of the manuscript.

Disclosure
The authors have no potential conflicts of 
interest to disclose.

Author Contributions
Conceptualization: Yoon YK, Kim SW. Data 
curation: Yoon YK, Kim J, Moon C, Lee MS, 
Hur J, Lee H. Formal analysis: Yoon YK. 
Investigation: Yoon YK. Resources: Kim J, 
Moon C, Lee MS, Hur J, Lee H. Writing - 
original draft: Yoon YK. Writing - review & 
editing: Kim SW.

Klebsiella spp. to amoxicillin/clavulanate, advanced-generation cephalosporins, and ciprofloxacin 
should be considered when determining empirical antibiotic therapy in clinical practice.
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INTRODUCTION

While not uncommon, intraabdominal infections (IAIs) can have potentially serious 
complications and poor outcomes, particularly if inappropriately managed.1-4 IAIs are 
complex disease entities with a wide spectrum of pathological conditions ranging from 
uncomplicated appendicitis to generalized peritonitis. IAIs are caused by a diversity of 
microbes, most commonly enteric organisms.5-7 Appropriate antibiotic therapy and timely 
source control are essential to improve prognosis and minimize collateral damage caused by 
antimicrobial-resistant bacteria.8-10

Recent epidemiologic studies have shown increasing interest in issues related to 
antimicrobial resistance in patients with IAIs.10-15 Multidrug-resistant microorganisms are 
widespread worldwide, with significant geographical variations in pathogen diversity.12-14 
Extended-spectrum ß-lactamase (ESBL)-producing Enterobacteriaceae are problematic for 
both community-acquired and nosocomial infections. Hospitalized patients are often at a 
risk for IAIs caused by carbapenem-resistant Enterobacteriaceae and carbapenem-resistant 
Pseudomonas aeruginosa and Acinetobacter species along with vancomycin-resistant enterococci 
(VRE).2,15 These problems of antimicrobial resistance complicate the decision-making 
process when choosing appropriate antibiotic therapy.8,16

The selection of empirical antibiotics based on accurate knowledge of potentially causative 
microorganisms increases the probability of making the right choice. Data on the distribution 
and antimicrobial susceptibility of pathogens isolated from patients with IAIs are of particular 
value for the implementation of an evidence-based antimicrobial stewardship program. However, 
no multicenter survey has determined the distribution and antimicrobial susceptibility of IAI-
causative pathogens in Korea. Therefore, the current study investigated the microbiological 
profile and prevalence of antimicrobial-resistant organisms isolated from patients with IAIs in 
Korea, with a particular focus on Enterobacteriaceae resistant to third-generation cephalosporins, 
fluoroquinolones, and carbapenems, as well as non-fermentative gram-negative bacilli resistant to 
carbapenems, during the last 3 years to guide IAI antimicrobial therapy.

METHODS

Study design and patients
This multicenter, non-interventional cohort study was conducted at 6 university-affiliated 
hospitals located in 4 cities (Seoul, Guri, Busan, and Daegu) in Korea from January 2016 
to December 2018. The primary aim of the study was to investigate the epidemiology and 
antibiotic susceptibility of microorganisms isolated from clinical specimens obtained from 
patients with IAIs.

Our study was based on a retrospective chart review of microorganisms isolated from consecutive 
adult patients (aged ≥ 18 years) with a clinical diagnosis of IAI in whom the causative pathogens 
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had been elusive. First, data on all microorganisms isolated from patients in each participating 
hospital during the study period were listed. Then, the IAI-causative microorganisms were 
screened by the investigator in each participating hospital. IAI-causative microorganisms 
were defined as pathogens identified from intraabdominal fluid or tissue samples obtained 
from an aseptically placed drain in the intraabdominal space, such as closed suction drainage 
system, open drain, T-tube drain, computed tomography-guided drainage, or during invasive 
procedures for diagnosis or treatment.17 Specific microorganisms involved in spontaneous 
bacterial peritonitis or continuous ambulatory peritoneal dialysis peritonitis were excluded from 
our analysis. Isolates obtained from abdominal drains or drainage bottles, superficial wounds, 
blood, or perianal abscess were also excluded from our analysis. The organisms were considered 
clinically significant at the discretion of the investigators. Microbiological and clinical data for 
each isolate were recorded on a case report form based on the patients' medical records.

A single patient could harbor more than one microorganism during the study period. All 
microorganisms isolated from a patient were separately included in the analysis. In cases of 
multiple isolates of the same microorganism from a patient during the study period, only the 
first was included in the analysis.

Data collection and definitions
IAIs were clinically diagnosed in patients who presented with rapid-onset abdominal pain 
and signs of local and systemic inflammation (pain, tenderness, fever, tachycardia, and 
tachypnea).18 The diagnosis of postoperative IAIs was made based on the definitions stated 
in the guidelines from the National Nosocomial Infections Surveillance system.19 Electronic 
medical records were also reviewed to collect relevant demographic and clinical information 
such as demographic characteristics, IAI type (complicated or non-complicated), IAI extent, 
infection origin, and microbiological data.

Nosocomial IAIs were defined as infections that were absent on hospitalization but that 
occurred after 48 hours of admission in patients hospitalized for a reason other than IAI. The 
remaining IAIs were classified as community-onset IAIs. Uncomplicated IAIs were defined as 
infections contained within a single organ of origin, whereas complicated IAIs were defined 
as infections that extended beyond the source organ and into the peritoneal cavity through 
the anatomic disruption. Postoperative IAIs were considered nosocomial infections. The 
remaining IAIs were categorized as community-onset IAIs.20

Microbiological evaluation
Species identification and drug susceptibility testing of the isolates were performed in each 
participating hospital using VITEK II (BioMèrieux, Hazelwood, MO, USA) or MicroScan 
WalkAway 96 plus (Siemens Healthcare Diagnostics Inc., CA, USA) systems based on 
the standard criteria defined by the Clinical and Laboratory Standards Institute (CLSI).21 
Escherichia coli and Klebsiella spp. were screened for an ESBL phenotype (ceftazidime or 
cefotaxime minimum inhibitory concentration >1 μg/mL) and confirmed as ESBL producers 
using combination clavulanate-based testing according to the method from the CLSI.22

Statistical analysis
Data are presented as frequencies (proportion) or means ± standard deviation, as 
appropriate. Categorical variables were compared using χ2 or Fisher's exact tests. IBM 
SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk, NY, USA) was used for all 
statistical analyses. Statistical significance was defined as P < 0.05.
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Ethics statement
The study protocol was reviewed and approved by the Institutional Review Board (IRB) of 
the Korea University Anam Hospital (IRB registration No. 2019AN0128). The investigators 
requested formal approval of the protocol by the regional ethics committee, if required. 
Because this research was a retrospective chart review study, informed consent was waived.

RESULTS

Patients and characteristics of IAIs
During the study period, 2,114 isolates from 1,571 patients (60.4% men, 67.0 ± 15.7 years) 
with microbiologically proven IAI were identified. Among 1,571 patients, community-
onset IAIs and nosocomial IAIs were identified in 1,207 (76.8%) and 364 (23.2%) patients, 
respectively. Uncomplicated and complicated IAIs were observed in 966 (61.5%) and 605 
(38.5%) patients, respectively. The most common primary focus of IAIs was the biliary tract, 
including the gallbladder (51.2%), followed by the liver (13.7%), colon or rectum (13.0%), 
gastroduodenum (6.3%), and appendix (4.9%). The distribution of lesion extent included 
localized inflammation (27.2%), localized abscess (47.5%), localized peritonitis (7.4%), 
diffuse suppurative peritonitis (12.2%), and combined complicated infection (5.7%). Among 
2,114 isolates, 1,604 (75.9%) were collected from community-onset IAIs and 510 (24.1%) 
were collected from nosocomial IAIs. Among these isolates, 848 (40.1%) and 1,266 (59.9%) 
were associated with complicated and non-complicated IAIs, respectively. The lesion extent 
and sources of specimens in community-onset and nosocomial infections are summarized 
in Table 1. Diffuse suppurative peritonitis was more common in nosocomial IAIs than in 
community-onset IAIs. More than half of the IAI specimens were collected from biliary 
tracts, including the gallbladder (Table 1).
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Table 1. Characteristics of IAIs according to community-acquired and nosocomial infections
Parameters Total  

(n = 2,114)
Community-onset 

infections (n = 1,604)
Nosocomial infections 

(n = 510)
P value

Type of IAIs < 0.001
Complicated 848 (40.1) 450 (28.1) 398 (78.0)
Non-complicated 1,266 (59.9) 1,154 (71.9) 112 (22.0)

Extent of IAIs < 0.001
Localized inflammationa 579 (27.4) 523 (32.6) 56 (11.0)
Localized abscess 978 (46.3) 747 (46.6) 231 (45.3)
Localized peritonitis 162 (7.7) 114 (7.1) 48 (9.4)
Diffuse suppurative peritonitis 271 (12.8) 148 (9.2) 123 (24.1)
Combined complicated infection 124 (5.9) 72 (4.5) 52 (10.2)

Specimen sources < 0.001
Gastroduodenum 136 (6.4) 49 (3.1) 87 (17.1)
Small intestine 112 (5.3) 932 (58.1) 150 (29.4)
Colorectal 294 (13.9) 130 (8.1) 164 (32.2)
Appendix 119 (5.6) 102 (6.4) 17 (3.3)
Liver 248 (11.7) 238 (14.8) 10 (2.0)
Biliary tract 1,082 (51.2) 932 (58.1) 150 (29.4)
Pancreas 51 (2.4) 35 (2.2) 16 (3.1)
Retroperitoneum 10 (0.5) 8 (0.5) 2 (0.4)
Other 62 (2.9) 48 (3.0) 14 (2.7)

Data are presented as number (%).
IAIs = intraabdominal infections.
aBiliary tract infections such as acute cholecystitis and acute cholangitis.

https://jkms.org


Distribution of the major pathogens isolated from IAIs
The distribution of the microorganisms was aerobic gram-negative (62.6%), aerobic gram-
positive (33.7%), anaerobic (0.9%), and fungal (2.8%) pathogens. The most commonly 
identified pathogens were E. coli (23.8%), followed by Enterococcus spp. (23.1%), Klebsiella spp. 
(19.8%), and Streptococcus spp. other than S. pneumoniae (7.1%).

The distribution of microorganisms differed between community-onset and nosocomial 
IAIs (Table 2). Nosocomial IAIs had higher proportions of aerobic gram-positive bacteria 
(P < 0.001) and lower proportions of aerobic gram-negative bacteria (P < 0.001) than those 
in community-onset IAIs. There were significant differences in the isolation frequencies of 
Klebsiella spp. (P < 0.001) and Streptococcus spp. other than S. pneumoniae (P = 0.006) between 
the 2 groups, unlike E. coli (P = 0.689) and Enterococcus spp. (P = 0.065). The most commonly 
identified pathogens of nosocomial IAIs were Enterococcus spp. (26.1%), followed by E. coli 
(23.1%), Streptococcus spp. (10.0%), and Klebsiella spp. (9.8%), while those of community-onset 
IAIs were E. coli (24.0%), followed by Klebsiella spp. (23.0%), Enterococcus spp. (22.1%), and 
Streptococcus spp. (6.2%) (Table 2).
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Table 2. Distributions of the most common microorganisms isolated from patients with IAIs
Microorganisms Total (n = 2,114) Community-onset infections (n = 1,604) Nosocomial infections (n = 510) P value
Aerobes

Gram-negative bacteria 1,323 (62.6) 1,055 (65.8) 268 (52.5) < 0.001
Escherichia coli 503 (23.8) 385 (24.0) 118 (23.1) 0.689
Klebsiella spp. 419 (19.8) 369 (23.0) 50 (9.8) < 0.001
Enterobacter spp. 88 (4.2) 59 (3.7) 29 (5.7) 0.048
Pseudomonas aeruginosa 93 (4.4) 68 (4.2) 25 (4.9) 0.525
Pseudomonas other than P. aeruginosa 1 (0.01) 1 (0.1) 0 1.000
Citrobacter spp. 80 (3.8) 66 (4.1) 14 (2.7) 0.158
Acinetobacter spp. 36 (1.7) 24 (1.5) 12 (2.4) 0.193
Aeromonas spp. 30 (1.4) 26 (1.6) 4 (0.8) 0.164
Proteus mirabilis 17 (0.8) 11 (0.7) 6 (1.2) 0.266
Morganella morganii 9 (0.4) 7 (0.4) 2 (0.4) 0.712
Sterotrophomonas maltophilia 12 (0.6) 10 (0.6) 2 (0.4) 0.742
Serratia spp. 3 (0.1) 3 (0.2) 0 1.000
Haemophilus spp. 1 (0.01) 0 1 (0.2) 0.241
Enterobaceriaceae, other 3 (0.1) 0 3 (0.6) 0.046
Gram-negative rod, other 25 (1.2) 24 (1.5) 1 (0.2) 0.018

Aerobes
Gram-positive bacteria 713 (33.7) 493 (30.7) 220 (43.1) < 0.001
Enterococcus spp. 488 (23.1) 355 (22.1) 133 (26.1) 0.065
Streptococcus spp. other than S. pneumoniae 150 (7.1) 100 (6.2) 50 (9.8) 0.006
Staphylococcus aureus 42 (2.0) 23 (1.4) 19 (3.7) 0.001
Coagulase-negative Staphylococcus 20 (0.9) 11 (0.7) 9 (1.8) 0.036
Corynebacterium spp. 8 (0.4) 2 (0.1) 6 (1.2) 0.003
S. pneumoniae 1 (0.01) 0 1 (0.2) 0.241
Gram-positive cocci, other 5 (0.2) 2 (0.1) 3 (0.6) 0.094
Gram-positive bacilli, other 2 (0.1) 2 (0.1) 0 1.000

Anaerobes
Anaerobes, total 19 (0.9) 17 (1.1) 2 (0.4) 0.278
Bacteroides spp. 10 (0.5) 9 (0.6) 1 (0.2) 0.467
Clostridium spp. 7 (0.3) 7 (0.4) 0 0.207
Anaerobes, other 2 (0.1) 1 (0.1) 1 (0.2) 0.424

Fungi
Fungi, total 59 (2.8) 39 (2.4) 20 (3.9) 0.075
Candida albicans 43 (2.0) 27 (1.7) 16 (3.1) 0.043
Candida spp. other than C. albicans 16 (0.8) 12 (0.7) 4 (0.8) 1.000

Data are presented as number (%).
IAIs = intraabdominal infections.
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The most common causative isolates differed according to the IAI origin (Table 3). Gram-
positive bacteria were the most common pathogens in IAIs of the upper gastrointestinal tract 
compared with gram-negative bacteria in the lower gastrointestinal tract. Klebsiella pneumoniae 
and Enterococcus spp. were the most commonly isolated pathogens in patients with IAIs of the 
liver and pancreaticobiliary tract, respectively.

Antimicrobial susceptibilities of major pathogens isolated from IAIs
The antimicrobial susceptibility profiles of the most common gram-negative bacteria are 
detailed in Table 4. The most active antibiotics against Enterobacterales were amikacin 
(susceptibility rates ranging from 97.4% to 100%), ertapenem (92.2% to 99.5%), imipenem 
(94.3% to 99.8%), and tigecycline (94.9% to 99.0%). The susceptibility rate to ciprofloxacin 
was as low as 56.4% in E. coli but was 86.3% in K. pneumonia, 94.3% in Enterobacter spp., 
and 82.3% in Citrobacter spp. The susceptibility rates of ß-lactam/ß-lactamase inhibitors to 
piperacillin/tazobactam and amoxicillin/clavulanate were 99.0% and 62.5%, respectively, in 
E. coli and 84.8% and 83.0%, respectively, in Klebsiella spp. With respect to cephalosporins, the 
susceptibility rates to cefoxitin, cefotaxime, ceftazidime, and cefepime were 82.7%, 61.4%, 
63.7%, and 65.3%, respectively, in E. coli and 88.1%, 80.7%, 83.1%, and 84.3%, respectively, in 
Klebsiella spp. In P. aeruginosa, the susceptibility rates to amikacin, ciprofloxacin, imipenem, and 
ceftazidime were 94.5%, 83.5%, 77.4%, and 73.3%, respectively, while the rates to piperacillin/
tazobactam was as low as 58.0%. In Acinetobacter spp., the susceptibility rates to amikacin, 
ampicillin/sulbactam, piperacillin/tazobactam, and imipenem were less than 50% (Table 4).

Table 4 shows the susceptibility rates to major antimicrobial agents against community-onset 
and nosocomial isolates of the gram-negative bacteria most frequently recovered from IAIs. 
Overall, the susceptibility rates to most antibiotics were higher in microorganisms isolated from 
community-onset IAIs than in those isolated from nosocomial IAIs. In E. coli and Klebsiella spp., 
the susceptibility rates to cefotaxime, cefepime, ciprofloxacin, and piperacillin/tazobactam 
differed by more than 10% between the 2 groups, whereas the rates to amikacin and imipenem 
did not (Table 4). The tigecycline susceptibility rate for Klebsiella spp. isolated from nosocomial 
IAIs was 10.1% lower than that for isolates from community-onset IAIs. However, the E. coli 
susceptibility rates to tigecycline were similar between the 2 groups (Table 4).

On comparison between ESBL-producer and non-ESBL-producer E. coli and Klebsiella spp., the 
susceptibility rates to imipenem, amikacin, and tigecycline were above 90% in both groups. 
The susceptibility rates to cefoxitin and piperacillin/tazobactam in ESBL-producing E. coli 
were 73.2% and 77.4%, respectively, whereas those in ESBL-producing Klebsiella spp. were 
66.2% and 41.3%, respectively (Table 5).

The antimicrobial susceptibility profiles of the most common gram-positive bacteria are 
described in Table 6. Considering the susceptibility rates of gram-positive bacteria to major 
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Table 3. The 3 most common pathogens isolated from patients with intraabdominal infections segregated by infection sources
Variables Gastroduodenum 

(n = 99)
Small intestine  

(n = 74)
Colon and rectum 

(n = 204)
Appendix  
(n = 77)

Liver  
(n = 215)

Biliary tract  
(n = 805)

Pancreas  
(n = 42)

Others  
(n = 55)

Escherichia coli 14 (14.1) 28 (37.8) 96 (47.1) 54 (70.1) 27 (12.6) 257 (31.9) 6 (14.3) 21 (38.2)
Klebsiella spp. - 13 (17.6) - - 162 (75.3) 205 (25.4) - -
Enterococcus spp. 26 (26.3) 28 (37.8) 81 (39.7) 14 (18.2) - 293 (36.4) 18 (42.9) 15 (27.3)
Streptococcus spp. other than 
 S. pneumoniae

29 (29.3) - 23 (11.3) 29 (37.7) 15 (7.0) - 8 (19.0) -

Pseudomonas spp. - - - - - - - 7 (12.7)
Data are presented as number (%).
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antibiotics, vancomycin, tigecycline, and linezolid were most consistently active in vitro in both 
community-onset and nosocomial infections (Table 6). However, even in community-onset 
IAIs, the susceptibility rates to ampicillin/sulbactam and ciprofloxacin in Enterococcus spp. and 
those to clindamycin and ciprofloxacin in Staphylococcus aureus were less than 70% (Table 6). The 
prevalence of methicillin-resistant S. aureus and VRE was 21.8% and 59.5%, respectively.

DISCUSSION

To our knowledge, this is the first multicenter study on IAIs in Korea to describe the 
microbiological distribution and antimicrobial susceptibility patterns of pathogens isolated 
from patients with IAIs. In this descriptive study, Enterococcus spp. was the second most 
common isolate in patients with IAIs, accounting for 23.1% of isolates. These enteric 
microorganisms frequently show multidrug resistance to various antibiotics recommended 
as empirical antibiotics.

In the present study, the 3 most common pathogens in community-onset IAIs were E. coli 
(24.0%), Klebsiella spp. (23.0%), and Enterococcus spp. (22.1%), whereas those in nosocomial 
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Table 5. Antimicrobial susceptibilities of ESBL-producing and non-ESBL-producing Escherichia coli and Klebsiella pneumoniae
Antibiotics E. coli Klebsiella spp.

All  
(n = 503)

ESBL  
(n = 198, 39.8%)

Non-ESBL  
(n = 300, 60.2%)

All  
(n = 419)

ESBL  
(n = 67, 17.7%)

Non-ESBL  
(n = 312, 82.3)

AMX/CA 210/336 (62.5) 57/142 (40.1) 153/194 (78.9) 185/223 (83.0) 14/41 (34.1) 171/182 (94.0)
TZP 423/479 (88.3) 147/190 (77.4) 276/289 (95.5) 290/342 (84.8) 31/75 (41.3) 259/267 (97.0)
CFX 407/492 (82.7) 145/198 (73.2) 262/294 (89.1) 357/405 (88.1) 49/74 (66.2) 308/331 (93.1)
CAZ 316/496 (63.7) 35/199 (17.6) 281/297 (94.6) 344/414 (83.1) 15/76 (19.7) 329/338 (97.3)
FEP 324/496 (65.3) 34/200 (17.0) 290/296 (98.0) 350/415 (84.3) 17/76 (22.4) 333/339 (98.2)
IPM 498/499 (99.8) 199/200 (99.5) 299/299 (100) 411/416 (98.8) 72/76 (94.7) 339/340 (99.7)
AMK 481/494 (97.4) 186/198 (93.9) 295/296 (99.7) 408/415 (98.3) 72/76 (94.7) 336/339 (99.1)
GEN 341/447 (76.3) 123/184 (66.8) 218/263 (82.9) 343/379 (90.5) 48/67 (71.6) 295/312 (94.6)
CIP 281/498 (56.4) 67/198 (33.8) 214/300 (71.3) 357/416 (85.8) 30/74 (40.5) 327/342 (95.6)
TIG 495/500 (99.0) 197/199 (99.0) 298/301 (99.0) 390/411 (94.9) 67/73 (91.8) 323/338 (95.6)
The data are presented as number of susceptible/total number (%).
ESBL = extended-spectrum ß-lactamase; AMX/CA = amoxicillin/clavulanate, AMK = amikacin, CAZ = ceftazidime, CFX = cefoxitin, CIP = ciprofloxacin, FEP = cefepime, 
IPM = imipenem, GEN = gentamicin, IPM = imipenem, TIG = tigecycline, TZP = piperacillin/tazobactam.

Table 6. Antimicrobial susceptibilities of aerobic gram-positive bacteria according to CO or N infection status
Antibiotics Enterococcus spp. Streptococcus spp. other than S. pneumoniae Staphylococcus aureus

All  
(n = 488)

CO  
(n = 355, 72.7%)

N  
(n = 133, 27.3%)

All  
(n = 150)

CO  
(n = 100, 66.7%)

N  
(n = 50, 33.3%)

All  
(n = 42)

CO  
(n = 23, 54.8%)

N  
(n = 19, 45.2%)

AMP 283/464 (61.0) 224/333 (67.3) 59/131 (45.0) 88/122 (72.1) 59/82 (72.0) 29/40 (72.5) - - -
AMP/SM 218/343 (63.6) 184/268 (68.7) 34/75 (45.3) - - - - - -
CFO - - - 109/117 (93.2) 69/77 (89.6) 40.40 (100) - - -
IPM 229/351 (65.2) 189/275 (68.7) 40/76 (52.6) - - - - - -
CLI - - - 92/105 (87.6) 61/72 (84.7) 31/33 (93.9) 19/32 (59.4) 13/20 (65.0) 6/12 (50.0)
CIP 213/429 (49.7) 176/314 (56.1) 37/115 (32.2) - - - 23/41 (56.1) 14/23 (60.9) 9/18 (50.0)
LVX 209/401 (52.1) 173/293 (59.0) 36/108 (33.3) 115/134 (85.8) 77/90 (85.6) 38/44 (86.4) - - -
VAN 356/455 (78.2) 261/328 (79.6) 95/127 (74.8) 143/143 (100) 93/93 (100) 50/50 (100) 42/42 (100) 23/23 (100) 19/19 (100)
LZD 440/452 (97.3) 318/327 (97.2) 122/125 (97.6) 116/116 (100) 78/78 (100) 38/38 (100) 39/39 (100) 21/21 (100) 18/18 (100)
TIG 352/357 (98.6) 275/280 (98.2) 77/77 (100) - - - 34/34 (100) 21/21 (100) 13/13 (100)
OXA - - - - - - 17/42 (40.5) 11/23 (47.8) 6/19 (31.6)
The data are presented as the number susceptible/total number (%).
CO = community-onset, N = nosocomial, AMP = ampicillin, AMP/SM = ampicillin/sulbactam, CFO = ceftriaxone, CIP = ciprofloxacin, CLI = clindamycin, IMP = imipenem, 
LVX = levofloxacin, LZD = linezolid, OXA = oxacillin, TIG = tigecycline, VAN = vancomycin.
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IAIs were Enterococcus spp. (26.1%), E. coli (23.1%), and Streptococcus spp. (10.0%). Previous 
studies mainly focused on gram-negative bacteria have reported Enterobacteriaceae to be 
the major pathogens involved in complicated IAIs.12,23,24 In contrast, our study included 
both uncomplicated and complicated IAIs to report the microbiological distribution of 
IAIs, observing a relatively high composition ratio of gram-positive pathogens, particularly 
Enterococcus spp. The heterogeneity of study populations with various IAI origins can also 
affect the microbiologic profile of pathogens associated with IAIs (Table 3).25 Although 
clinicians in real-world settings commonly encounter Enterococcus isolates while treating 
IAIs, the necessity of empirical and directed antimicrobial agents against Enterococcus spp. 
continues to be debated.26-28 Some studies have suggested that the isolation of Enterococcus 
in patients with IAIs results in treatment failure or increased mortality,29-31 while others 
demonstrated no association with mortality.32,33 Furthermore, some studies have shown 
equivalent therapeutic effects among empiric antibiotic regimens, regardless of the 
antimicrobial activity against enterococci.34-37 At present, prominent guidelines recommend 
empirical anti-enterococcal therapy for patients with nosocomial IAIs and severe community-
acquired IAIs.10,28

Our findings reveal a much smaller proportion of anaerobes than previously reported 
(0.9% vs. 7.7%–22.9%),12,16,38 although one study reported a similar proportion.23 Several 
guidelines on the management of complicated IAIs have indicated the role of intraabdominal 
culture and susceptibility testing. However, they did not provide detailed culture methods 
to identify anaerobic bacteria.8,10,18 Considering the increasing prevalence of antibiotic 
resistance in anaerobes, regional susceptibility patterns are crucial for the empirical 
treatment of anaerobic infections.39-41

The guidelines from the World Society of Emergency Surgery suggest amoxicillin/clavulanate 
and cefotaxime or ciprofloxacin in combination with metronidazole as appropriate regimens 
for mild-to-moderate community-acquired IAIs.9 Moreover, cefepime in combination 
with metronidazole has been recommended for high-risk community-acquired IAIs.9 In 
the present study, however, we observed poor susceptibility rates of < 70% to amoxicillin/
clavulanate (62.5%), cefotaxime (61.4%), ceftazidime (63.7%), cefepime (65.3%), and 
ciprofloxacin (56.4%) among E. coli isolates and good susceptibility rates of ≥ 80% to 
cefoxitin (82.7%), piperacillin/tazobactam (99.0%), ertapenem (99.5%), imipenem 
(99.8%), meropenem (99.2%), amikacin (97.4%), and tigecycline (99.0%) in both 
community-onset IAIs and nosocomial IAIs. In both nosocomial and community-onset 
IAIs, increased Enterobacteriaceae resistance to cefotaxime along with high resistance rates 
to cefepime undermine the rationale for the use of extended-spectrum cephalosporins as 
empirical therapy for IAIs in Korea. However, carbapenem monotherapy and amikacin-
based combination therapy are expected to have broad-spectrum activity against bacterial 
pathogens of IAIs, and thus, the clinical value of cefoxitin mentioned in the guidelines for the 
diagnosis and management of complicated IAIs by the Infectious Diseases Society of America 
should be evaluated clinically.10 In addition, active bacterial culture and susceptibility 
testing may be useful in guiding pathogen-directed therapy to ensure appropriate antibiotic 
therapy and minimize excessive exposure to broad-spectrum antibiotics with step-down 
therapy. Among Klebsiella spp. isolated from community-onset IAIs, good susceptibility rates 
of ≥ 80% to all antibiotics tested were observed (Table 4). In contrast, among isolates from 
nosocomial IAIs, the susceptibility rates to amoxicillin/clavulanate, cefepime, ciprofloxacin, 
and piperacillin/tazobactam were < 70%, whereas those to amikacin, imipenem, ertapenem, 
and tigecycline were ≥ 80%.
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The main resistance problems are currently represented by ESBL-producing 
Enterobacteriaceae, CRE, and carbapenem-resistant non-fermentative bacteria. In our 
study, ESBL-producing strains accounted for 39.8% of E. coli spp. and 17.7% of Klebsiella spp. 
Data from the Study for Monitoring Antimicrobial Resistance Trends from 2005 to 2010 
also showed that the Asia–Pacific region consistently had the highest ESBL positivity rates 
of 23%–38% for E. coli and K. pneumoniae, respectively, in IAI isolates.42 The susceptibility 
rates of the P. aeruginosa and Acinetobacter spp. isolates to imipenem were 77.4% and 36.7%, 
respectively, which were similar to those mentioned in previous reports.12,43,44 As the 
susceptibilities of P. aeruginosa and Acinetobacter spp. isolates to imipenem were less than 80% 
in nosocomial IAIs, antimicrobial coverage of the potential pathogens of nosocomial IAIs 
may become more convoluted.10

To reduce carbapenem resistance, carbapenem-sparing therapy has been proposed for 
infections caused by ESBL-producing Enterobacteriaceae.45 In our findings, the high 
susceptibility rates of ESBL-producing E. coli to piperacillin/tazobactam (77.4%), cefoxitin 
(73.2%), amikacin (93.9%), and tigecycline (99.0%) (Table 5) suggest that these antibiotics 
may be acceptable alternatives to imipenem (99.5%). However, the low susceptibility rates of 
ESBL-producing Klebsiella spp. to piperacillin/tazobactam (41.3%) and cefoxitin (66.2%) and 
reduced activity against ESBL-producing E. coli with a high inoculum of bacteria may impede 
the general use of piperacillin/tazobactam and cefoxitin against ESBL producers.46,47

Ciprofloxacin and amoxicillin/clavulanate, previously recommended for mild-to-moderate 
community-acquired IAIs, were active against less than 60% of E. coli isolates in vitro, 
as shown in previous studies.12,13 Therefore, their roles as empirical antibiotics even for 
community-acquired IAIs are limited. However, their role as directed antibiotics should be 
guaranteed to control the emergence of antimicrobial resistance.

Our study has several limitations. First, the limitations pertain mostly to the study's 
retrospective design. In particular, data on the community-onset versus nosocomial nature 
of the infections were determined retrospectively using the length of stay as a surrogate 
marker. Second, because centralized microbiological analysis of the strains in a reference 
laboratory was not available, complete susceptibility data could not be elucidated. However, 
all microbiological laboratories are periodically accredited under the Korean Laboratory 
Accreditation Program developed by the Korean Society of Laboratory Medicine. Third, 
the IAI-causative pathogens in this study were initially selected based on objective criteria. 
However, the clinical significance of the microorganisms was determined by researchers at 
each participating institution.

In conclusion, the results of this study demonstrate the prevalent antimicrobial resistance 
patterns among pathogens isolated from patients with IAIs in Korea, which are inconsistent 
with the international guidelines for IAIs. The establishment of local guidelines for IAIs is 
required according to more basic data reflecting the national situation.
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