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ABSTRACT

Background: Surveillance and interventions of central line-associated bloodstream 
infections (CLABSIs) had mainly been targeted in intensive care units (ICUs). Central lines 
are increasingly used outside ICUs. Therefore, we performed a hospital-wide survey of 
CLABSIs to evaluate the current status and develop strategies to reduce CLBASI rates.
Methods: All hospitalized patients with central venous catheters (CVCs) were screened for 
CLABSIs from January 2014 through December 2015 at a 1,328 bed tertiary care teaching 
hospital in Korea using an electronic data-collecting system. Clinical information including 
type of CVC was collected. CLABSI rates were calculated using the definitions of the National 
Health and Safety Network after excluding mucosal barrier injury laboratory-confirmed 
bloodstream infection (BSI).
Results: A total of 154 CLABSIs were identified, of which 72 (46.8%) occurred in general 
wards and 82 (53.2%) in ICUs (0.81 and 2.71 per 1,000 catheter days), respectively. Non-
tunneled CVCs were most common (68.6%) among 70 CLABSI events diagnosed within one 
week of their maintenance. On the other hand, tunneled CVCs and peripherally inserted 
central catheters (PICCs) were more common (60.5%) among 114 CLABSI events diagnosed 
more than a week after maintenance. Whereas the majority (72.2%) of CLABSIs in ICUs were 
associated with non-tunneled CVCs, tunneled CVCs (38.9%) and PICCs (36.8%) were more 
common in general wards.
Conclusion: CLABSIs are less common in general wards than in ICUs, but they are more 
often associated with long-term indwelling catheters. Therefore, interventions to prevent 
CLABSIs should be tailored according to the type of ward and type of catheter.

Keywords: Central Line-associated Bloodstream Infection; Central Venous Catheter; 
Hospital-wide Surveillance

INTRODUCTION

The use of central venous catheters (CVCs) is essential for critically ill patients, for those 
undergoing hemodialysis, and for those with malignancies.1 CVC use has increased 
in intensive care units (ICUs) over the past decade along with a rise in associated 
complications.2-6 Central line-associated bloodstream infections (CLABSIs) are the most 

J Korean Med Sci. 2018 Nov 5;33(45):e280
https://doi.org/10.3346/jkms.2018.33.e280
eISSN 1598-6357·pISSN 1011-8934

Original Article

Received: Feb 27, 2018
Accepted: Jul 13, 2018

Address for Correspondence:
Eu Suk Kim, MD
Department of Internal Medicine, Seoul 
National University Bundang Hospital, 82 
Gumi-ro 173-beon-gil, Bundang-gu,  
Seongnam 13620, Republic of Korea.
E-mail: eskim@snubh.org

*Hye Kyung Seo and Joo-Hee Hwang 
contributed equally to this work.

© 2018 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
Hye Kyung Seo 
https://orcid.org/0000-0002-2989-885X
Joo-Hee Hwang 
https://orcid.org/0000-0002-8616-3411
Myoung Jin Shin 
https://orcid.org/0000-0002-0423-2234
Su young Kim 
https://orcid.org/0000-0003-1778-8546
Kyoung-Ho Song 
https://orcid.org/0000-0002-4517-3840
Eu Suk Kim 
https://orcid.org/0000-0001-7132-0157
Hong Bin Kim 
https://orcid.org/0000-0001-6262-372X

Hye Kyung Seo ,1* Joo-Hee Hwang ,2* Myoung Jin Shin ,1 Su young Kim ,1  
Kyoung-Ho Song ,2 Eu Suk Kim ,1,2 and Hong Bin Kim  2

1Infection Control Office, Seoul National University Bundang Hospital, Seongnam, Korea
2Department of Internal Medicine, Seoul National University Bundang Hospital, Seongnam, Korea

Two-Year Hospital-Wide Surveillance of 
Central Line-Associated Bloodstream 
Infections in a Korean Hospital

Infectious Diseases,  
Microbiology & Parasitology

https://jkms.org
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-2989-885X
https://orcid.org/0000-0002-2989-885X
https://orcid.org/0000-0002-8616-3411
https://orcid.org/0000-0002-8616-3411
https://orcid.org/0000-0002-0423-2234
https://orcid.org/0000-0002-0423-2234
https://orcid.org/0000-0003-1778-8546
https://orcid.org/0000-0003-1778-8546
https://orcid.org/0000-0002-4517-3840
https://orcid.org/0000-0002-4517-3840
https://orcid.org/0000-0001-7132-0157
https://orcid.org/0000-0001-7132-0157
https://orcid.org/0000-0001-6262-372X
https://orcid.org/0000-0001-6262-372X
https://orcid.org/0000-0002-2989-885X
https://orcid.org/0000-0002-8616-3411
https://orcid.org/0000-0002-0423-2234
https://orcid.org/0000-0003-1778-8546
https://orcid.org/0000-0002-4517-3840
https://orcid.org/0000-0001-7132-0157
https://orcid.org/0000-0001-6262-372X
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2018.33.e280&domain=pdf&date_stamp=2018-10-04


Presentation
The results of this study presented at Asia 
Pacific Society of Infection Control (APSIC) 2017 
in Bangkok, Thailand on February 12–15, 2017.

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

Author Contributions
Conceptualization: Kim ES, Kim HB. 
Investigation: Shin MJ, Kim SY. Writing - 
original draft: Seo HK, Hwang JH. Writing - 
review & editing: Song KH, Kim ES, Kim HB.

serious complications of CVC use and are a major cause of morbidity and mortality in ICUs in 
the United States.7-9

Interventions targeting the insertion and maintenance of CVCs can lead to a decrease 
in the rate of CLABSI and can have a substantial impact on the overall incidence of ICU-
acquired infections.10,11 The Korean Nosocomial Infections Surveillance System (KONIS) 
was established in 2006 by the Korea Center for Disease Control and Prevention and the 
Korean Society for Nosocomial Infection Control with the aim of improving infection control 
strategies in ICUs.12,13 KONIS reported that the rate of CLABSI in ICUs decreased from 3.40 
to 2.33 per 1,000 catheter-days from 2006 through 2013.12,14 Previously, surveillance and 
interventions in Korea related to CLABSIs were mainly targeted to ICUs. However, CVCs are 
increasingly used outside ICUs as more invasive procedures are performed, especially on 
immunocompromised and elderly patients. Studies have shown that two-thirds of identified 
CVCs are in non-ICU patients, which highlights the need for surveillance and infection 
prevention efforts in that population.9,10 Therefore, we performed a hospital-wide survey of 
CLABSIs to evaluate the current situation and develop strategies to reduce CLBASI rates.

METHODS

A single-center prospective study was conducted in a 1,328 bed tertiary hospital in Korea 
between January 2014 and December 2015. All hospitalized patients with CVCs, including 
those in ICUs (cardiac, medical, surgical, neurosurgical, neonatal, and emergency) and 
general wards (non-ICUs), were screened for CLABSIs over the study period. We developed 
an electronic medical record (EMR)-based surveillance system with which we were able to 
collect all the information on hospitalized patients with CVCs in 2013, and the system was 
then applied to CLABSI surveillance in ICUs. Surveillance has been expanded to the entire 
hospital since 2014. It is carried out by infection control nurses, and all cases were regularly 
reviewed by infectious disease physicians before case confirmation.

CLABSI was diagnosed using the definitions of the National Health Safety Network (NHSN); 
excluding infections already present on admission and secondary bloodstream infection 
(BSI).15 Mucosal barrier injury laboratory-confirmed bloodstream infections (MBI-LCBIs) 
were excluded from the analyses, because the mechanisms responsible for them, such as 
translocation of gastrointestinal organisms, are different.16,17 CLABSI rates were calculated 
as cases per 1,000 catheter days, and the device utilization ratio (DUR) was defined as 
number of catheter-days divided by number of patient-days. The recommendations for 
prevention of CLABSIs by the Society for Healthcare Epidemiology of America and the US 
Centers for Disease Control7 were implemented. In addition, periodic feedback regarding 
CLABSI rates was provided to individual team members and senior administrators.

All the clinical information on CLABSI cases was collected retrospectively from EMRs. 
Among the data collected were demographic findings, underlying illnesses including 
Charlson comorbidity index, microbiologic data, and CVC-related data (types, duration of 
catheterization, and insertion sites).18

Statistical analyses were performed with Student's t-tests and χ2tests or Fisher's exact tests 
depending on the variable, using IBM SPSS Statistics (version 22.0.0.1; IBM Corp., Armonk, 
NY, USA). In all analyses, a 2-tailed P value of 0.05 was considered significant.
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Ethics statement
This study was conducted in accordance with Good Clinical Practice Guidelines and the 
Declaration of Helsinki. The Institutional Review Board (IRB) of Seoul National University 
Bundang Hospital approved the protocol and waived informed consent (IRB No. B-1706-401-103).

RESULTS

CLABSI rates
A total of 199 CLABSIs occurred in 168 patients in our hospital over the study period. We 
identified 45 events of MBI-LCBIs in 36 patients, and 7 of these had both CLABSIs and 
MBI-LCBIs. After excluding the 45 MBI-LCBIs, 154 CLABSIs in 139 patients were included in 
the study. Among these, 82 (53.2%) occurred in ICUs and 72 (46.8%) in general wards, with 
rates of 0.81 and 2.71 CLABSIs per 1,000 catheter days, respectively. The overall DUR was 
0.16 (0.45 in ICUs, and 0.14 in general wards).

Characteristics of patients with CLABSIs
Among the 139 patients with CLABSIs, 85 (61.2%) were male, and the mean age was 55.5 ± 23.3  
years old. Cardiovascular and cerebrovascular diseases were the most common underlying 
diseases among the ICU patients, whereas malignancies were the most common among the 
general ward patients. Of the patients in general wards, 23.9% had underlying haematological 
malignancies, even though MBI-LCBIs were not included in the study (Table 1).
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Table 1. Characteristics of 139 patients with CLABSIs, 2014–2015
Characteristics Wards (n = 67) ICUs (n = 72) P value Total (n = 139)
Age, yr 55 ± 22.6 (0–94) 55.9 ± 23.9 (0–87) 0.082 55.5 ± 23.3 (0–94)
Sex, No. (%) 0.301

Male 38 (56.7) 47 (65.3) 85 (61.2)
Female 29 (43.3) 25 (34.7) 54 (38.9)

LOS before CLABSI event, median (range) 17 (2–146) 19 (2–1,194) 0.270 17 (2–1,194)
Underlying disease, No. (%)

None 9 (13.4) 25 (34.7) 0.004 34 (24.5)
Solid tumor 32 (47.8) 10 (13.9) 0.003 42 (30.2)
DM 20 (29.9) 19 (26.4) 0.831 39 (28.1)
Cerebrovascular disease 16 (23.9) 17 (23.6) 0.849 33 (23.7)
Liver disease 8 (11.9) 4 (5.6) 0.711 12 (8.6)
Leukemia 11 (16.4) 0 < 0.001 11 (7.9)
Congestive heart failure 3 (4.5) 8 (11.1) 0.148 11 (7.9)
Peripheral vascular disease 1 (1.5) 9 (12.5) 0.007 10 (7.2)
Chronic kidney disease 7 (10.4) 2 (2.8) 0.088 9 (6.5)
Myocardial infarction 1 (1.5) 7 (9.7) 0.064 8 (5.8)
COPD 1 (1.5) 5 (6.9) 0.210 6 (4.3)
Lymphoma 5 (7.5) 0 0.024 5 (3.6)
Connective tissue disease 0 4 (5.6) 0.121 4 (2.9)
Peptic ulcer 1 (1.5) 0 0.482 1 (0.7)

AACCI score 4.4 ± 2.9 3.2 ± 2.5 0.010 3.8 ± 2.7
AACCI score range, No. (%) 0.167

0 7 (10.4) 15 (20.8) 22 (15.8)
1–2 17 (25.4) 16 (22.2) 33 (23.7)
3–4 12 (17.9) 21 (29.2) 33 (23.7)
> 4 31 (46.3) 20 (27.8) 51 (36.7)

Data are presented as means ± standard deviation (range).
CLABSI = central line-associated bloodstream infection, ICU = intensive care unit, LOS = length of stay, DM = diabetes mellitus, COPD = chronic obstructive 
pulmonary disease, AACCI = age-adjusted Charlson comorbidity index.
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Characteristics of the CVCs in CLABSIs
A total of 184 CVCs were placed in the 154 CLABSI events. Most patients (81.8%; 126/154) had 
only one CVC when the CLABSI occurred, and multiple indwelling CVCs were more frequent 
in ICUs (29.3%; 24/82) than in wards (5.6%; 4/72). Seventy CLABSI events occurred within one 
week of CVC maintenance, and non-tunneled catheters were most often associated with these 
events (68.6%): 48 non-tunneled catheters, 7 tunneled catheters, and 15 peripherally inserted 
central catheters (PICCs). Tunneled catheters and PICCs were more common (60.5%) among 
the 114 CLABSIs that occurred more than a week after placement: 44 non-tunneled catheters, 
34 tunneled catheters, and 36 PICCs. While the majority (72.2%; n = 78) of CLABSIs in ICUs 
were associated with non-tunneled catheters, tunneled catheters (44.7%; n = 34) and PICCs 
(36.8%; n = 28) were more common in wards (Table 2). These findings indicate that CLABSIs 
tended to occur earlier in ICUs than in wards (Fig. 1); in addition non-tunneled catheters 
were responsible for most early CLABSIs while the proportion of tunneled catheters increased 
among late CLABSIs (Fig. 2).
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Table 2. Characteristics of 184 CVCs in 154 CLABSIs, 2014–2015
Variables Wards (n = 76) ICUs (n = 108) P value Total (n = 184)
CVC type, No. (%)

Non-tunneled 14 (18.4) 78 (72.2) < 0.001 92 (50.0)
Subclavian 6 (32.6) 16 (20.5) 22 (23.9)
Jugular 7 (38.0) 49 (62.8) 56 (60.9)
Femoral 1 (5.4) 13 (16.7) 14 (15.2)

Tunneled 34 (44.7) 9 (8.3) < 0.001 43 (23.4)
PICC 28 (36.8) 21 (19.4) 0.009 49 (26.6)

Age of CVC before CLABSI event, No. (%)
Median days (IQR), wk 12 (7–28) 9 (5–19) 0.002 10 (5–20.3)
≤ 1 22 (28.9) 48 (44.4) 0.033 70 (38.0)
> 1 54 (71.1) 60 (55.6) 0.033 114 (62.0)

Median age of CVC based on catheter type, day (IQR)
Non-tunneled 9.5 (4–14.3) 6.5 (4–11.8) 0.547 7 (4–12)
Tunneled 13.5 (10.3–97) 20 (16–31.8) 0.006 16 (10.5–67)
PICC 9 (5–13.5) 20 (11–30) 0.009 12 (7–23)

CVC = central venous catheter, CLABSI = central line-associated bloodstream infection, ICU = intensive care unit, PICC = peripherally inserted central catheter, 
IQR = interquartile range.
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Fig. 1. Cumulative distribution of CVCs in CLABSIs according to age of CVC before the CLABSI event. 
CVC = central venous catheter, CLABSI = central line-associated bloodstream infection, ICU = intensive care unit.
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Microbiological data
The microorganisms isolated by blood culture are listed in Table 3. Gram-positive bacteria 
were the most prevalent both in ICUs and general wards. Coagulase negative staphylococci 
(CoNS) and Staphylococcus aureus were the most common, representing 52 (31.7%) of the total, 
and 88.5% and 69.2% of them were oxacillin-resistant, respectively. S. aureus was the most 
common microorganism isolated, representing 20.7% of the total CLABSIs in general wards, 
while CoNS was the most frequently isolated microorganism (18.3%), in ICUs. Enterococcus 
species were the second most frequently isolated microorganisms in both ICUs and general 
wards. However, there were no statistically significant differences in microorganisms isolated 
between ICUs and general wards (Table 3).

DISCUSSION

Most surveillance and intervention has tended to be focused on CLABSIs in ICUs; and 
workers have only recently begun to recognize the importance of CLABSI in non-ICUs.12 
We found that almost half of all CLABSI events occurred in general wards (non-ICUs) in 
the two-year surveillance described above. In the United States reported CLABSI rates 
in non-ICUs have varied, ranging from 0.35 infections per 1,000 central-line days to 5.2 
infections per 1,000 catheter-days in major teaching hospitals.19,20 The CLABSI rate in 
our general wards was 0.81 infections per 1,000 catheter day, which is comparable to the 
rate in the 2013 device-associated module report of the NHSN.21 We found 2.71 infections 
per 1,000 catheter-days in ICUs, and this rate and that reported by KONIS (2.33 infections 
per 1,000 catheter-days in 2013) are 2-fold higher than the rate reported by the NHSN; the 
difference may be related to the fact that the interventions for preventing CLABSIs in Korea 
are less comprehensive than in the United States.18 Moreover, many of the hospitals that 
participated in KONIS were large, with over 200 beds, and this may have contributed to an 
increased severity of illness among the hospitalized patients.
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Fig. 2. Distribution of CVC types in CLABSIs according to age of CVC before the CLABSI event. 
CVC = central venous catheter, CLABSI = central line-associated bloodstream infection, PICC = peripherally inserted central catheter.

https://jkms.org


In this study, the median time from placement to CLABSI onset was 9 days in ICUs and 
12 days in general wards, which is similar to the 7.5 days in ICUs and 13 days in non-ICUs 
reported by Klintworth et al.22 It is plausible that the majority of CVCs used in ICUs were 
non-tunneled, and that this contributed to the early infections (Fig. 2). It is noteworthy 
that substantial numbers of the CLABSIs associated with non-tunneled catheters or PICCs 
occurred between 31 and 90 days after CVC maintenance despite the fact these catheters are 
intended for short-term use for vascular access.23 It will be important to educate healthcare 
workers to use CVCs appropriate for their expected duration.

Tedja et al.24 conducted surveillance for CLABSIs in a non-ICU and examined morbidity 
and mortality. They reported that Enterococcus spp. (47 isolates; 26%) were the predominant 
organisms identified, and that 39 (83%) were vancomycin resistant. Klebsiella species were the 
second most-commonly isolated organisms, along with almost the same proportion of Candida 
species (11% and 10%, respectively). The high proportion of patients with hematological 
malignancy may have influenced those results. In our study, the most commonly identified 
organisms were CoNS in ICUs and S. aureus in general wards. Enterococcus spp. were the second 
most commonly identified organisms in both ICUs and general wards, but only one isolate 
(4%) was vancomycin resistant. Even though there was no statistically significant difference 
in microorganisms isolated between ICUs and general wards, gram-negative organisms 
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Table 3. Details of the 164 microorganisms identified in 154 CLABSIs, 2014–2015
Microorganisms Wards (n = 77) ICUs (n = 88) P value Total (n = 165)
Gram positive 43 (55.8) 47 (53.4) 0.754 90 (54.5)

Coagulase negative staphylococci 10 16 26
Methicillin-resistant 9 14 23

Staphylococcus aureus 16 10 26
Methicillin-resistant 10 8 18

Enterococcus faecalis 4 11 15
Vancomycin-resistant - - -

Enterococcus faecium 6 4 10
Vancomycin-resistant 1 - 1

Others 7 6 13
Gram negative 22 (28.6) 35 (39.8) 0.131 57 (34.5)

Klebsiella pneumoniae 5 7 12
Carbapenem-resistant - 1 1
ESBL-producing - 2 2
Ciprofloxacin-resistant 1 1 2

Acinetobacter baumannii 4 5 9
Carbapenem-resistant 1 2 3

Escherichia coli 3 3 6
Carbapenem-resistant - - -
ESBL-producing - 2 2
Ciprofloxacin-resistant 1 2 3

Pseudomonas aeruginosa 2 3 5
Carbapenem-resistant 1 - 1
Ciprofloxacin-resistant 1 - 1

Others 8 17 25
Fungus 12 (15.6) 6 (6.8) 0.072 18 (10.9)

Candida albicans 5 2 7
Candida tropicalis 4 1 5
Candida glabrata 1 2 3
Candida parapsilosis 1 - 1
Candida species 1 - 1
Trichosporon asahii - 1 1

Data are presented as number (%).
CLABSI = central line-associated bloodstream infection, ESBL = extended-spectrum beta-lactamases.
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were more common in ICUs and fungi predominated in general wards (Table 3). Patients' 
comorbidities and the types of CVC employed may have been responsible for these results. 
Therefore, further studies are required to investigate the relationship between microorganism, 
type of ward and type of CVC.

Current guidelines regarding CLABSIs are largely based on studies performed on ICU 
patients with non-tunneled catheters. Recently, Climo et al.9 conducted a large-scale 
prospective study to identify the prevalence of CVC use among patients both within and 
outside ICUs. They found differences in the epidemiology of CVC between patients in and 
outside ICUs: non-tunneled CVCs were more frequent in ICUs, and PICCs in general wards. 
These results are not directly comparable with ours because our data were collected from 
CLABSI patients only. Nevertheless, our results are similar in terms of the types of CVC 
commonly used in ICUs and general wards.

Our study has strength in that we compared the times of onset of CLABSIs and types of 
causative microorganisms as a function of type of CVC between ICUs and general wards. 
However, further study is needed of the effect of the site of catheter insertion on CLABSIs.

We are aware of a few limitations of this study. As it was a single-center study, the results 
should be interpreted with caution and should not be generalized to other hospitals. In 
addition, they may be biased by the large proportion of patients with severe illnesses, 
because the study was performed in a tertiary care hospital. In spite of these limitations we 
believe that the results have important clinical implications. By carrying out hospital-wide 
surveillance, we found that substantial numbers of CLABSIs occurred in non-ICUs, showing 
that surveillance is needed in non-ICUs as well as ICUs. In addition, we revealed possible 
differences between the clinical characteristics, CVCs and causative microorganisms of the 
CLABSIs in ICUs and in general wards.

In conclusion, CLABSIs are less common in general wards than in ICUs, but they are 
more often associated with long-term indwelling catheters. Our findings underline the 
importance of hospital-wide surveillance for CLABSIs, and suggest that approaches to 
reducing the risk of CLABSIs should be tailored to the type of ward and catheter, and to the 
associated risk factors.
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