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INTRODUCTION
Surgical site infections (SSIs) are the leading cause of 

nosocomial infection. The incidence of SSI ranged from 2.0% 

to 9.7% in Korea [1]. SSIs remain a major clinical problem 
leading to prolonged hospital stays, extra costs, and increased 
morbidity and mortality [2,3]. The Korean Nosocomial 
Infections Surveillance System (KONIS) was established 
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in 2006 [4-6]. This surveillance system attracts voluntary 
participation from hospitals and uses the KONIS Web-based 
Report and Analysis Program to efficiently collect and share 
SSI data with participating hospitals in real-time. However, any 
surveillance system that uses computerized medical records 
could underestimate SSIs because superficial SSIs might not 
be reported [7]. National surveillance systems for nosocomial 
infection have already been developed and implemented 
successfully in the United States (US) and European countries 
[8,9]. Even though similar infection surveillance protocols 
are used, differences occur in the implementation, and 
comparisons between countries can be difficult [9]. Even data 
derived from national programs might not be comparable with 
data from high-quality surveillance trials of SSI interventions 
[10,11]. Concerns about the accuracy and validity of national 
surveillance data are therefore justified. Recently, KONIS 
demonstrated that the laborious and time-consuming task of 
dealing with the massive amount of data produced was a main 
obstacle to expanding the number of participating hospitals and 
target operation procedures (unpublished, 2013 internal report 
from KONIS). Thus, KONIS is moving to reduce investigation 
categories and shorten the duration of participation.

We developed the Korean Surgical Site Infection Surveillance 
(KOSSIS) program to focus on SSI among nosocomial infections 
by combining direct observation and a postdischarge surgeon 
survey. We conducted a prospective multicenter study using 
the KOSSIS program to establish an effective SSI surveillance 
system and evaluate SSI rates and risk factors in the Korean 
surgical setting.

METHODS
Both regional distribution and the volume of hospitals in 

this study were balanced to include small and medium-sized 
hospitals, surgical specialty hospitals, colorectal specialty 
hospitals, and tertiary hospitals. Eventually, the KOSSIS 
secretariat selected nine hospitals where collaborative research 
was possible with corresponding surgeons performing 
operations under surveillance. In the nine participating 
hospitals, the prospective SSI survey was conducted during 
the short period from August 16 to September 30, 2012, 
for five common gastrointestinal surgeries: gastrectomy, 
cholecystectomy, appendectomy, colectomy, and proctectomy. 
Data on SSIs were prospectively collected with secretarial 
support according to a common protocol developed by KOSSIS. 
Surgeons, infection specialists with surveillance experience, 
and physicians in charge of infection control were trained by 
KOSSIS and then instructed to complete the SSI surveillance 
form. Patients aged 20 years or younger were excluded from 
the surveillance, except for appendectomies because of the 
operation’s frequency among young people.

The definition from the US Centers for Disease Control was 
used to diagnose SSI [12]. The investigation methods were 
as follows: (1) The surgeon or surgical team was directed to 
examine the surgical site more than 3 times per week during 
the hospital stay for patients who underwent operations subject 
to surveillance. (2) The presence of SSI was determined through 
direct observation of the surgical site by the surgeon or surgical 
team, or adjunctively with indirect methods through a review 
of a patient’s medical record, microorganism test, or radiological 
data. (3) The surgeon-report survey form was completed at the 
first outpatient follow-up appointment. (4) The surveillance 
period was set as 30 postoperative days. The presence of SSI 
was prospectively monitored until SSI developed or 30 days had 
passed after surgery. If surveillance for 30 days after surgery 
proved difficult or impossible, the surgeons recorded when and 
why the case was closed early. Patients were told to visit the 
outpatient department or emergency room if they experienced 
any kind of wound problems or fever.

Demographic data on the patients, hospital characteristics, 
and possible perioperative variables associated with the 
development of SSI were collected. Perioperative variables were 
as follows: gender, age, obesity (body mass index [BMI] ≥ 25 
kg/m2), presence of diabetes mellitus, a history of smoking 
1 month or less before the surgery, serum albumin level, a 
history of radiation therapy, use of any form of systemic steroid 
for 1 week or more before surgery, immune suppressive agent, 
laparoscopic versus open surgery, emergency status, trauma, 
simultaneous surgery at a different anatomical site through 
the same incision, whether reoperation was performed at the 
same site within the surveillance period, a history of previous 
operations, packed RBC (PRBC) transfusion within 24 hours 
before or after surgery, type of anesthesia, presence or absence 
of infection at other sites, wound contamination class [13], 
American Society of Anesthesiologists (ASA) physical status 
score [14], duration of surgery, and T-time. According to hospital 
size, hospitals with either more than 500 beds or fewer than 
500 beds were compared.

The National Nosocomial Infection Surveillance (NNIS) 
System risk index was used to compare SSI rates [15]. When 
multiple operations were performed at a single incision site, 
the relationship of any infection with the corresponding 
operation was clarified in the record. When the relationship 
of a superficial SSI and a corresponding operation was not 
identifiable, the operation (among those listed above) with the 
higher SSI rate was recorded. The operation performed closest 
to the day of SSI onset was recorded as the onset cause of SSI 
unless there was evidence that the infection was associated 
with a different operation.

At the end of the survey, a focus group interview (FGI) was 
conducted at participating hospitals to establish an SSI sur-
veillance system and suggest measures for improvement and 
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postoperative infection prevention.
T-test and chi-square or Fisher exact test were performed to 

identify general characteristics by operation type. Univariate 
logistic regression analysis was performed to find risk factors 
for infection. Multivariate logistic regression analysis was 
carried out for variables with P-values of less than 0.2 in the 
univariate analysis. Statistical analysis was performed using 

SAS 9.2 (SAS Institute Inc., Cary, NC, USA), and P-values less 
than 0.05 were considered statistically significant.

RESULTS
The general characteristics of the participating hospitals 

are shown in Table 1. They varied in terms of hospital size, 
facilities, and personnel resources. The total of analyzed 
operations was 1,088: 207 gastrectomies, 318 cholecystectomies, 
197 colectomies, 96 rectal resections, and 270 appendectomies 
(Table 2). According to wound classification by operation, 
clean-contaminated wounds were the most common type. 
Table 3 shows the incidence of infection and infection rate by 
operation.

Analysis of risk factors affecting SSI by operation
Univariate analysis was performed to identify factors affec-

ting SSI in gastrectomy. Significant risk factors were age (odds 
ratio [OR], 1.05; 95% confidence interval [CI], 1.002–1.10, P = 
0.04), laparoscopic operation (OR, 0.11; 95% CI, 0.02–0.48, P = 
0.003), and transfusion (OR, 4.97; 95% CI, 1.71–14.4, P = 0.003). 
In the multivariate analysis, laparoscopic operation (OR, 0.06; 
95% CI, 0.01–0.51; P = 0.01) and BMI index (OR, 5.26; 95% CI, 
1.26–21.99, P = 0.02) were found to be significant factors. 
However, statistical estimation was unachievable for 9 among 
the 22 risk factors, probably because they did not occur or had 
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Table 1. Characteristics of hospitals participating in the 
survey (n = 9)

Characteristic No. (%)

Hospital types
   Tertiary hospitals 2 (22)
   General hospitals 2 (22)
   Other hospitals 5 (56)
No. of hospital beds
   ≤499 5 (56)
   500–999 2 (22)
   1,000–1499 1 (11)
   ≥1,500 1 (11)
Infection control unit
   Present 4 (44)
   Absent 5 (56)
Specialized team for infection control
   Specialized team 6 (67)
   Adjunct team 3 (33)

Table 2. Demographic findings and distribution of wound classes according to operative procedure

Characteristic Gastrectomy
(n = 207)

Colectomy
(n = 197)

Proctectomy
(n = 96)

Cholecystectomy
(n = 318)

Appendectomy
(n = 270)

Male gender 136 (65.7) 119 (60.4) 59 (61.5) 148 (46.5) 125 (46.3)
Age (yr) 57.6 ± 12.1 62.1 ± 12.3 61 ± 12.5 54.1 ± 16.1 37.1 ± 20.3
Wound classes
  Clean - - - - -
  Clean-contaminated 204 (98.6) 187 (94.9) 95 (99.0) 274 (86.2) 215 (79.6)
  Contaminated 2 (1.0) 3 (1.5) 1 (1.0) 35 (11.0) 43 (15.9)
  Dirty 1 (0.5) 7 (3.6) 0 (0) 9 (2.8) 12 (4.4)

Values are presented as number (%) or mean ± standard deviation.

Table 3. SSI rates by operative procedure

Operation No.  of
hospitals T75 (min) No. of 

operations

SSI, n (%)

Total Superficial Deep Organ/space

Gastrectomy 6 240 207 16 (7.73) 6 (37.5) 1 (6.25) 9 (56.25)
Colectomy 8 230 197 20 (10.15) 6 (30.0) 7 (35.0) 7 (35.0)
Proctectomy 7 347 96 13 (13.54) 3 (23.1) 3 (23.1) 7 (53.8)
Cholecystectomy 8 83 318 5 (1.57) 3 (60.0) 0 (0) 2 (40.0)
Appendectomy 8 61 270 15 (5.56) 8 (53.3) 1 (6.7) 6 (40.0)
Total 9 1,088 69 (6.34) 26 (37.7) 12 (17.4) 31 (44.9)

SSI, surgical site infection; T75, the exact 75th percentile of the distribution of procedure duration shown in minutes.
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Table 4. Comparison of SSI rates between KOSSIS and NHSN according to NNIS risk index category

Operation Risk index 
category

KOSSIS NHSN 2006–2008 [16] KOSSIS vs. NHSN

No. of 
operations

No. of  
SSIs  

SSI  
rate (%) 

No. of 
operations

No. of  
SSIs

SSI  
rate (%) P-value Percentiles

Gastrectomy 0, 1 199 16 8.04* 6,350 109 1.72* <0.001* >90th
2, 3 8 0 0 1,821 77 4.23 >0.999 <10th
Total 207 16 7.73* 8,171 186 2.28* <0.001*

Colectomy 0 116 8 6.90 17,126 683 3.99 0.140 ND
1 60 9 15.00* 30,159 1,686 5.59* 0.006* ND
2 21 3 14.29 13,387 945 7.06 0.180 ND
3 0 0 0 1,468 139 9.47 - ND
Total 197 20 10.15* 62,140 3,453 5.56* 0.005*

Proctectomy 0 60 4 6.67 346 12 3.47 0.270 ND
1, 2 36 9 25.00* 776 62 7.99* 0.003* ND
3 0 0 0 45 12 26.67 - ND
Total 96 13 13.54* 1,167 86 7.37* 0.030*

Cholecystectomy 0 189 3 1.59* 6,481 15 0.23* 0.010* >90th
1 107 2 1.87 5,726 35 0.61 0.150 75th–90th
2, 3 22 0 0 2,445 42 1.72 >0.999 <50th
Total 318 5 1.57 14,652 92 0.63 0.060

Appendectomy 0, 1 242 11 4.55* 5,211 60 1.15* <0.001* >90th
2, 3 28 4 14.29* 663 23 3.47* 0.020* ND
Total 270 15 5.56* 5,874 83 1.41* <0.001*

SSI, surgical site infection; KOSSIS, Korean Surgical Site Infection Surveillance; NHSN, National Healthcare Safety Network; NNIS, 
National Nosocomial Infections Surveillance System; ND, no data.
*Values indicate SSI rates with potential statistical significance (P < 0.05). 

Table 5. Comparison of SSI rates between KOSSIS and KONIS by NNIS risk index category

Operation Risk index 
category

KOSSIS KONIS 2010–2011 [5] KOSSIS vs. KONIS

No. of 
operations

No. of 
SSIs  

SSI  
rate (%) 

No. of 
operations

No. of  
SSIs  

SSI  
rate (%) P-value Percentiles

Gastrectomy 0 136 8 5.88* 3,124 74 2.37* 0.020* 75th–90th
1 63 8 12.70* 1,599 84 5.25* 0.020* 75th–90th
2 8 0 0 130 9 6.92 >0.999 0–75th
3 0 0 0 0 0 0 - ND
Total 207 16 7.73* 4,853 167 3.44* 0.001* >90th

Colectomy 0 116 8 6.90 972 30 3.09 0.050 75th–90th
1 60 9 15.00* 586 24 4.10* 0.002* >90th
2 21 3 14.29 144 13 9.03 0.430 75th–90th
3 0 0 0 11 2 18.18 - ND
Total 197 20 10.15* 1,713 69 4.03* <0.001* 75th–90th

Proctectomy 0 60 4 6.67 653 20 3.06 0.130 >90th
1 28 7 25.00* 321 19 5.92* 0.002* >90th
2 8 2 25.00 48 4 8.33 0.200 50th–75th
3 0 0 0 0 0 0 - ND
Total 96 13 13.54* 1,022 43 4.21* <0.001* >90th

Cholecystectomy 0 189 3 1.59* 1,269 2 0.16* 0.020* >90th
1 107 2 1.87 765 5 0.65 0.210 75th–90th
2 19 0 0 315 7 2.22 >0.999 0–75th
3 3 0 0 57 2 3.51 >0.999 <10th
Total 318 5 1.57 2,406 16 0.67 0.090 >90th

Appendectomy 0 172 7 4.07 ND 
1 70 4 5.71 ND
2 26 4 15.38 ND
3 2 0 0 ND
Total 270 15 5.56 ND

SSI, surgical site infection; KOSSIS, Korean Surgical Site Infection Surveillance; KONIS, Korean Nosocomial Infections Surveillance 
System; NNIS, National Nosocomial Infections Surveillance System; ND, no data.
*Values indicate SSI rates with potential statistical significance (P < 0.05). 
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minimal influence on infections.
According to the univariate analysis of colectomy, the 

significant risk factors affecting SSI were laparoscopic operation 
(OR, 0.23; 95% CI, 0.09–0.6; P = 0.003), T-time (OR, 4.33; 95% 
CI, 1.67–11.18; P = 0.003), stoma (OR, 6.07; 95% CI, 1.6–22.98; 
P = 0.008), and hospital size (OR, 0.19; 95% CI, 0.06–0.56; P = 
0.003). When multivariate analysis was performed, laparoscopic 
operation (OR, 0.2; 95% CI, 0.06–0.73; P = 0.01) and a hospital 
with more than 500 beds (OR, 0.09; 95% CI, 0.02–0.39; P = 0.001) 
were found to be significant.

For rectal surgery, no significant factors for SSI were detected 
in the univariate or multivariate analyses.

For cholecystectomy, ASA class was found to be significant 
in the univariate analysis (OR, 6.53; 95% CI, 1.05–40.68; P = 
0.04), but no significant factor was detected in the multivariate 
analysis.

For appendectomy, many variables were excluded from 
analysis due to insufficient infection frequency. However, 
according to univariate analysis, wound class was the only si-
gnificant variable. When compared with clean-contaminated 
wounds, the infection rate was significantly higher in dirty 
wounds, with an odds ratio of 7.63 (P = 0.01). No significant 
factor was found in the multivariate analysis.

Comparison of the SSI rate between KOSSIS and 
NHSN or KONIS
When compared with the mean infection rate found 

by National Healthcare Safety Network (NHSN) [16], the 
SSI rate reported using KOSSIS was significantly higher in 
gastrectomy, colectomy, proctectomy, and appendectomy 
(Table 4). When compared with the SSI rates reported using 
KONIS, the KOSSIS infection rate was significantly higher 
in gastrectomy, colectomy, and proctectomy (Table 5). SSI 
following cholecystectomy was high only in NNIS risk index 
category 0. The infection rate was in the 90th percentile range 
in gastrectomy, proctectomy, and cholecystectomy in the 
comparison with the KONIS data. Appendectomy was excluded 

from the comparison because it is not subject to surveillance in 
KONIS.

According to hospital size, hospitals with either more than 
500 beds or fewer than 500 beds were compared. Only in 
colectomy, the infection rate (7.87%) in hospitals with more 
than 500 beds was significantly lower than that (31.58%) in 
hospitals with fewer than 500 beds (P = 0.01). The operation 
times found using KOSSIS were similar to those reported in 
KONIS, except for rectal surgery (Table 6).

Surveillance period and mean time to SSI diagnosis
The surveillance period and reasons for early closure of 

surveillance were surveyed. Only 193 patients (17.7%) met 
the requirements of the surveillance period for 30 days after 
surgery. When surveillance was not sustained until 30 days 
after surgery, the main reason (93.3%) was nonattendance 
after the first outpatient appointment (nonattendance at the 
outpatient department after surgery 6%, reoperation 0.8%, death 
0.2%, and interhospital transfer 0.1% were the other reasons). 
Mean time to SSI diagnosis after surgery ranged between 6 and 
10 days (Table 7).

DISCUSSION
This study reports significantly higher infection rates than 

were found with KONIS or NHSN. However, comparing these 
in a meaningful way may be problematic because this study 
was conducted among a small number of patients during a 
short-term period, and participating hospitals had different 
characteristics. However, concerns could be raised although 
KONIS has distinguished itself as a leader in surveillance for 
nosocomial infection in Korea. Recently, KONIS has begun 
moving to reduce investigation categories and shorten the 
duration of participation to reduce the burdens of surveillance 
(unpublished, 2013 internal report from KONIS). KONIS 
reported that because it was difficult to implement routine 
direct wound examination by trained professionals, chart 
review was the method of SSI surveillance applied in most 
participating hospitals (unpublished, 2012 internal report from 
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Table 6. Comparison of operating time (T-time) between 
KOSSIS and NHSN or KONIS 

Operation KOSSIS
T75 (min)

NHSN [16]
T75 (min)

KONIS [5]
T75 (min)

Gastrectomy 240 160 225
Colectomy 230 187 231
Proctectomy 347 252 270
Cholecystectomy 83 99 95
Appendectomy 61 81 -

KOSSIS, Korean Surgical Site Infection Surveillance; NHSN, 
National Healthcare Safety Network; KONIS, Korean Nosocomial 
Infections Surveillance System; T75, the exact 75th percentile of 
the distribution of procedure duration shown in minutes.

Table 7. Time to SSI diagnosis

Operation Length of 
hospital stay (day)

Time to 
SSI diagnosis (day)

Gastrectomy 10.83 ± 7.03 10.00 ± 6.23
Colectomy 13.10 ± 7.39 8.25 ± 6.15
Proctectomy 16.03 ± 11.76 9.00 ± 8.33
Cholecystectomy 5.70 ± 5.73 9.00 ± 9.67
Appendectomy 4.71 ± 3.87 6.00 ± 2.80

Values are presented as mean ± standard deviation.
SSI, surgical site infection.
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KONIS). In this study, surgeons directly determined whether 
SSI was present and processed the surveillance. Moreover, the 
KONIS criteria for participating hospitals are more than 300 
hospital beds with doctors and nurses specialized in infection 
control, but most hospitals actually joining KONIS are large. 
Only hospitals employing infection control personnel may 
participate in KONIS. Among the 60 hospitals that volunteered 
to participate in KONIS in 2012, only 11% were hospitals with 
fewer than 500 beds, whereas they represented 55.6% of the 
hospitals in the present study. The higher infection rate found 
by KOSSIS could also be attributable to under-reporting in 
KONIS’s data.

At the end of the survey period, an FGI was conducted with 
participating hospitals to review the SSI surveillance system 
and plan improvement measures. According to the FGI, one 
reason SSI surveillance was carried out efficiently during 
the study period was that additional staff were allocated for 
the surveillance task. Also, participants answered that the 
development of standardized indices enabled the progress 
of this study. Participating hospitals have already requested 
government support to reduce SSIs. The FGI showed different 
requirements for SSI prevention between participating 
hospitals. Large hospitals need continued participation in 
surveillance programs, whereas small hospitals (fewer than 500 
beds) need economic support for education and environmental 
improvement for SSI control. In the present study, hospitals 
with fewer than 500 beds showed much higher infection rate 
in colectomy (31.58% vs. 7.87%), which is a striking example 
that reflects the current situation and an issue to solve through 
sustained effort. 

To continue operation of an SSI surveillance system, a speci-
alized surveillance unit needs to be organized with the support 
of a national subsidy. Furthermore, a national surveillance 
system, computer system, and services need to be established, 
and the government must bear the burden of the expense. 
Hospitals in financial distress need physical resources. Al-
though environment-management in operating rooms is re-
commended as an infection prevention activity, the current 
status of management conditions is inadequate in small and 
medium-sized hospitals, unlike in large hospitals. Therefore, 
the government needs to be more proactive in providing the 
money necessary for SSI prevention and facility maintenance.

This study had some limitations because it was preliminary 
research, and monitoring was carried out for only 45 days. 
In the analysis of the risk factors for SSI among such a 
small number of patients, statistical estimation was almost 
impossible in many cases due to nonoccurrence. Participating 
hospitals showed various levels of operating-room facilities as 
well as differences in experience and preventive activities for 
SSI control. Although small numbers of patients in hospitals of 
various sizes were involved, the 75th-percentile cutoff points 
for the operation times were similar to those found by KONIS, 
except for rectal surgery. Gastrectomy, colectomy, and rectal 
resection were most often performed in hospitals with 500 or 
more beds, whereas cholecystectomy and appendectomy were 
done even in hospitals with fewer than 500 beds. Despite using 
both inpatient and postdischarge SSI surveillance in this study, 
only a small percentage of patients (17.7%) met the requirements 
of the surveillance period for 30 days after surgery. However, 
the mean total diagnostic period of SSI ranged between 6 and 
10 days, and the presence of infection was detected at the first 
outpatient visit in most patients. For actual SSI rates, a patient 
survey by telephone or mail should be implemented on the last 
day of surveillance when a patient does not visit the outpatient 
department as scheduled.

In conclusion, despite a short surveillance period, hetero-
genous group of hospitals, and small numbers of patients, 
our results suggest that KOSSIS could be a useful program for 
enhancing SSI surveillance in Korea. The domestic SSI rate 
is anticipated to decrease following the establishment of an 
SSI surveillance system nationwide based on this study. It is 
necessary to implement education and financial support for SSI 
prevention at the government level.
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