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Abstract Carbapenem-resistant Enterobacteriaceae (CRE) infections have
increased rapidly over the past decade and are recognized as a severe health
threat in Korea and worldwide. This study aimed to identify the status and
characteristics of CRE infection in Jeju province and provide important basic
data for the prevention and management of CRE infection. A descriptive
epidemiological analysis was performed on reported cases of CRE infection in Jeju
Province between 2018 and 2021 using the integrated management system for
disease, an infectious disease reporting system from the Korea Disease Control
and Prevention Agency. The annual difference and distribution trends of CRE
infection were analyzed using CRE isolates, carbapenemase-producing CREs (CP-
CRE) and their genotypes, and the type of medical institution in Jeju Province.
CRE infections steadily increased in Jeju from 2018 to 2021, and the proportion
of CP-CRE among the CREs also showed a statistically significant increase each
year. Among the CRE isolates, Klebsiella pneumoniae (KPC, 62.13%) was the most
common, and among the CP-CRE genotypes, KPC (81.62%) showed the highest
distribution and increased each year. As the distribution of CP-CRE in have
increased over the past 4 years, measures to prevent the spread and outbreak of
CRE infections are warranted. The results of this study are expected to be used as
basic data for prevention and management of CRE infections in the province.
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Table 1. General characteristics of the CRE patients

Characteristic  CRE cases (n=640) Ratio
Sex
Male 313 48.91 (44.97-52.85)
Female 327 51.09 (47.15-55.03)
Age (years)
0-19 19 2.97 (1.80-4.60)
20-39 18 2.81 (1.68-4.41)
40-59 78 12.19 (9.75-14.98)
60-79 235 36.72 (32.97-40.59)
>80 290 45.31 (41.41-49.26)
Specimen type
Blood 42 6.56 (4.77-8.77)
Others* 598 93.44 (91.23-95.23)
CP-CRE
CP-CRE 281 43.91 (40.02-47.85)
Non CP-CRE 348 54.37(50.43-58.28)
Not reported 11 1.72 (0.86-3.05)

Values are presented as % (95% confidence interval) or number.
CRE: carbapenem-resistant Enterobacteriaceae, CP-CRE: carbapen-
emase producing carbapenem-resistant Enterobacteriaceae.

*Include urine, stool, sputum, wound, bile, etc.
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Figure 1. Carbapenem-resistant Enterobacteriaceae cases by organism type, 2018-2021. K. pncumoniae: klebsiella pneumoniae, E. coli: Escherivhia coil.
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Table 2. Carbapenem-resistant Enterobacteriaceae isolates by organism type, 2018-2021

Type of organism Total (n=647) 2018 (n=97) 2019 (n=143) 2020 (n=173) 2021 (n=234)
K. pneumoniae 402 (62.13) 49 (50.51) 70 (48.95) 114 (65.90) 169 (72.22)
Enterobacter spp. 98 (15.15) 18 (18.56) 31 (21.68) 26 (15.03) 23 (9.83)
Escherichia coli 79 (12.21) 8 (8.25) 25 (17.48) 24 (13.88) 22 (9.40)
Citrobacter freundii 11 (1.70) 0 (0.00) 4 (2.80) 3(1.73) 4(1.71)
Proteus mirabilis 12 (1.85) 1(1.03) 2 (1.40) 3(1.73) 6(2.57)
Others* 27 (4.18) 6(6.19) 8(5.59) 3(1.73) 10 (4.27)
Not reported 18 (2.78) 15 (15.46) 3(2.10) 0 (0.00) 0 (0.00)

Values are presented as number (%). Duplicate counting if multiple isolates are identified in one case. Linear-by-linear test for trend (K. pneumoniae
vs. non-K. pneumoniae; P<0.001).

K. pneumoniae: Klebsiella pneumoniae.

*Include Escherichia fergusonii, K. oxytoca, Providencia spp., Morganella morganii, Serratia marcescens, K. aerogenes, Citrobacter youngae,
Enterobacter cloacae, Raoultella ornithinolytica, Serratia fontkcola, Pseudomonas spp., Proteus vulgaris group.
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Figure 2. CP-CRE and non-CP-CRE distribution among CRE cases by year, 2018-2021. CP-CRE: carbapenemase producing carbapenem-resistant Enterobacteriaceae,
CRE: carbapenem-resistant Enterobacteriaceae.

Table 3. Distribution of carbapenemase-producing genotypes of Enterobacteriaceae, 2018-2021

Carbapenemase genotype Total (n=283) 2018 (n=21) 2019 (n=46) 2020 (n=83) 2021 (n=133)
KPC 231 (81.62) 14 (66.67) 30 (65.22) 67 (80.72) 120 (90.23)
NDM 29 (10.25) 4 (19.05) 10 (21.74) 6(7.23) 9(6.77)
OXA-48 11 (3.89) 0(0.00) 5(10.87) 4(4.82) 2(1.50)
IMP 7 (2.47) 2(9.52) 1(2.17) 4(4.82) 0(0.00)
Oxa type other then OXA-48 2(0.71) 0(0.00) 0(0.00) 2(2.41) 0(0.00)
Not reported 3(1.06) 1 (4.76) 0(0.00) 0 (0.00) 2 (1.50)

Values are presented as number (%). Duplicate counting if multiple isolates are identified in one case. Linear-by-linear test for trend (K. pneumoniae
vs. non-K. pneumoniae; P<0.001).

KPC: Klebsiella pneumoniae carbapenemase, NDM: New Delhi metallo-B-lactamase, OXA-48: oxacillinase-48, IMP: imipenemase.
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Figure 3. Distribution of carbapenemase genotypes by year, 2018-2021. KPC: Klebsiella pneumoniae carbapenemase, NDM: New Delhi metallo-f3-lact-
amase, OXA-48: oxacillinase-48, IMP: imipenemase.

Table 4. Number of carbapenem-resistant Enterobacteriaceae infections by type of medical institution, 2018-2021

Medical institution type 2018 (n=97) 2019 (n=141) 2020 (n=170) 2021 (n=232)
General hospital 89 (91.75) 135(95.74) 166 (97.65) 224 (96.55)
Hospital 6(6.19) 6(4.26) 3(1.76) 4(1.73)
Intermediate care hospital 1(1.03) 0(0.00) 0(0.00) 3(1.29)
Medical clinic 1(1.03) 0(0.00) 1(0.59) 1(0.43)

Values are presented as number (%). Linear-by-linear test for trend (general hospital vs. non-general hospital, P=0.069).
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