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Candidemia is an important healthcare-associated infection (HAI) in intensive care units (ICUs). However, limited research has been conducted on candidemia in the Republic of Korea. We aimed to analyze the secular trends in the incidence and distribution of candidemia in ICUs over 12-years using data from the Korean National Healthcare-Associated Infections Surveillance System (KONIS). KONIS was established in 2006 and has performed prospective surveillance of HAIs including bloodstream infections (BSIs) in ICUs. We evaluated the trends in the distribution of causative pathogens and the incidence of candidemia. From 2006 to 2017, 2,248 candidemia cases occurred in 9,184,264 patient-days (PDs). The pooled mean incidence rates of candidemia significantly decreased from 3.05 cases/10,000 PDs in 2006 to 2.5 cases/10,000 PDs in 2017 (P = 0.001). Nevertheless, the proportion of candidemia gradually increased from 15.2% in 2006 to 16.6% in 2017 (P = 0.001). The most frequent causative pathogen of BSIs from 2006 to 2012 was Staphylococcus aureus; however, Candida spp. emerged as the most frequent causative pathogen since 2013. C. albicans (39.9%) was the most common among Candida spp. causing BSIs, followed by Candida tropicalis (20.2%) and Candida parapsilosis (18.2%). The proportion of candidemia caused by C. glabrata significantly increased from 8.9% in 2006 to 17.9% in 2017 (P < 0.001). There was no significant change in the distribution of Candida spp. by year (P = 0.285). The most common source of BSIs was central lines associated BSI (92.5%). There was a significant increase in the proportion of candidemia by year in hospitals with organ transplant wards (from 18.9% in 2006 to 21.1% in 2017, P = 0.003), hospitals with <500 beds (from 2.7% in 2006 to 13.6% in 2017, P < 0.001), and surgical ICUs (from 16.2% in 2006 to 21.7% in 2017, P = 0.003). The proportion of candidemia has increased in Korea, especially in hospitals with <500 beds and surgical ICUs. Thus, appropriate infection control programs are needed.
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INTRODUCTION

Candidemia is an increasingly important healthcare-associated fungal infection associated with high morbidity and mortality (1–3). In addition, it increases the financial healthcare burden and prolongs hospital stay (4). Candidemia is the fifth cause of healthcare-associated bloodstream infections (BSI) in intensive care units (ICUs) in European countries, and in several US states, Candida species have been reported as the most prevalent pathogens causing healthcare-associated BSIs (5, 6). In particular, increasing incidence rates have been observed in ICUs, particularly among immunocompromised patients, patients treated with broad-spectrum antibiotics, and patients requiring invasive procedures and devices (7). The epidemiology of candidemia varies according to the geographical region, period, type of survey, and the population involved (8–10). Recent epidemiological studies have reported an increasing incidence of non-albicans candidemia. Candida albicans is still the predominant species; however, Candida glabrata, which is less susceptible to antifungal drugs, ranks second in the USA, Northern Europe, and Australia, while Candida parapsilosis is the most prevalent non-albicans species in Latin America, Southern Europe, and Asia (8, 9, 11). Therefore, research on the distribution of Candida spp. and the incidence of candidemia in each country is important for optimizing prevention and treatment strategies. Limited research has been conducted on candidemia in the Republic of Korea.

The Korean National Healthcare-Associated Infections Surveillance System (KONIS) is a nationwide network for the prospective surveillance of healthcare-associated infections (HAIs), including the surveillance of causative pathogens. It was established in 2006 by the Korea Center for Disease Control and Prevention and the Korean Society for Healthcare-Associated Infection Control with the aim of improving infection control practices in hospital ICUs (12). This study aimed to describe the impact of candidemia by analyzing the trends in the incidence and proportion of candidemia using national cohort data from the KONIS. We also aimed to identify secular trends in candidemia according to the characteristics of hospitals and ICUs to provide information for assisting the development of infection control policies.



MATERIALS AND METHODS

In the Republic of Korea, the KONIS continuously monitors HAIs and causative pathogens, including BSIs in the ICU. This system focuses on the surveillance and prevention of HAIs, including device-associated infections, in adult patients in ICUs. KONIS surveillance was conducted in participating hospitals from 2006 to 2017. Hospital participation was voluntary, and the results are handled confidentially. The definitions of HAIs and device utilization ratio (DUR) were standardized and based on those of the CDC/NHSN system (13). In total, 285 ICUs and 217 hospitals with over 200 beds participated. These hospitals represented more than 70% of the hospitals with over 200 beds in the Republic of Korea.

In this study, we only considered patients older than 15 years who developed candidemia during their stay in the ICU. All patients who stayed in the ICU for >2 days were included in the surveillance and were followed-up from admission until discharge or death. After ICU discharge, patients were followed-up for infection for an additional 2 days. Candidemia was defined as at least one positive blood culture for Candida spp. in ICU patients hospitalized for more than 48 h. For patients with multiple episodes of candidemia within a 14-day period, only the first episode was included. Detection and identification of Candida spp. were performed in the notifying laboratories according to standard protocols in use in each facility. A central line-associated BSI (CLABSI) was defined as a primary BSI in a patient with a central line within the 48 h preceding the development of the BSI that was not bloodstream related to an infection at another site. Annual incidence rates of all HAIs including BSI were calculated as the number of infections per 1,000 patient-days (PDs) for each year of participation. The pooled incidence rates of device-associated HAIs and DUR were calculated for each year. The annual incidence rates of BSIs caused by each pathogen were calculated as the number of BSIs per 10,000 PDs to enable comparison with other data and increase readability. The annual percentages of gram-positive, gram-negative, and fungal pathogens causing BSIs were determined for trend analysis. Trends in the proportion of candidemia were analyzed for C. albicans candidemia and non-albicans (C. glabrata, C. tropicalis, and C. parapsilosis) candidemia. We also collected data on the organizational and institutional characteristics of the included hospitals and ICUs, as described in a previous report (14).


Statistical Analyses

We evaluated secular trends in the annual incidence and proportion of the causative pathogens and candidemia. Trends in incidence rate estimates were tested using a negative binomial regression model with the year as a linear predictor. The Cochran–Armitage test and Cochran–Mantel–Haenszel mean score test were performed to identify trends of proportions after adjusting for organizational and institutional characteristics of the hospitals and ICUs, such as the total number of hospital beds, type of ICU, and whether the presence of a transplant ward or whether the infection was central line-related. All statistical analyses were performed using SAS software (Version 9.4, SAS Institute, Cary, NC, USA). A P < 0.05 was considered to be statistically significant.



Ethical Declaration

This study used information that was disclosed to the general public as national data and was exempted from institutional review board approval because it did not collect or record personally identifiable information.




RESULTS

The pooled mean BSI incidence rate decreased since the initiation of the survey from 2.01/1,000 PDs in 2006 to 1.51/1,000 PDs in 2017 (P < 0.001, Figure 1). Overall, 2,248 candidemia cases occurred in 9,184,264 PDs. The total pooled mean incidence rate was 2.4 cases/10,000 PDs during 2006–2017, and the majority of infections were CLABSIs (92.5%). The pooled mean incidence rates of candidemia decreased from 3.05 cases/10,000 PDs in 2006 to 2.5 cases/10,000 PDs in 2017 (P = 0.001). From 2006 to 2012, Staphylococcus aureus was the most frequently identified pathogen. However, Candida spp. emerged as the most frequently identified pathogen from 2013 to 2017 (Figure 1). Furthermore, the proportion of BSIs caused by candidemia significantly increased from 15.2% in 2006 to 16.6% in 2017 (P = 0.001, Figure 2).


[image: Figure 1]
FIGURE 1. Changing yearly trends in total bloodstream infection incidence rates and pathogen-specific bloodstream infection incidence rates during 2006–2017 based on data from KONIS. BSI, bloodstream infection; PDs, patient-days; KONIS, Korean National Healthcare-Associated Infections Surveillance System.
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FIGURE 2. Trends in the distribution of pathogens causing bloodstream infections during 2006–2017 based on data from KONIS. SAU, Staphylococcus aureus; CNS, coagulase-negative Staphylococci; EFS, Enterococcus faecalis; EFM, Enterococcus faecium; ECL, Escherichia coli; KPN, Klebsiella pneumoniae; PEA, Pseudomonas aeruginosa; ABA, Acinetobacter baumannii; Anae, anaerobic pathogen; KONIS, Korean National Healthcare-Associated Infections Surveillance System.


Among the cases of candidemia, C. albicans (n = 896, 39.9%) were the most frequently identified pathogen, followed by C. tropicalis (n = 454, 20.2%) and C. parapsilosis (n = 410, 18.2%). There were no significant changes in the proportions of C. albicans and non-albicans candidemia by year (P = 0.285). C. glabrata (n = 314, 14.0%) did not have a high incidence rate, however, the proportion of candidemia caused by C. glabrata increased considerably from 8.9% in 2006 to 17.9% in 2017 (P < 0.001). In contrast, the proportion of candidemia caused by C. parapsilosis substantially decreased (P < 0.001); no significant trend was observed in the proportion of candidemia caused by C. tropicalis (P = 0.151) (Table 1, Figure 3).


Table 1. Distribution of Candida species during 2006–2017 based on data from the Korean National Healthcare-Associated Infections Surveillance System (KONIS).
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FIGURE 3. Trends in the distribution of Candida species causing bloodstream infections during 2006–2017 based on KONIS. KONIS, Korean National Healthcare-Associated Infections Surveillance System.


We performed subgroup analysis to identify the hospital characteristics associated with a high incidence of candidemia (Table 2). In the subgroup analysis, the increase in the proportion of candidemia by year was significantly higher in hospitals with <500 beds (from 2.7% in 2006 to 13.6% in 2017, P < 0.001), those with surgical ICUs (from 16.2% in 2006 to 21.7% in 2017, P < 0.001), and hospitals with organ transplant wards (from 18.9% in 2006 to 21.1% in 2017, P = 0.003). The proportion of CLABSIs did not differ significantly by year (P = 0.169).


Table 2. Proportion of candidemia in ICUs during 2006–2017 with subgroup analysis according to hospital or pathogen characteristics.
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DISCUSSION

Invasive candidiasis has emerged as an important public health problem associated with a high mortality rate. The most common presentation of invasive candidiasis is candidemia. Candidemia frequently occurs in ICUs, even in non-immunocompromised patients, and increases the length and costs of ICU stay. Candida spp. are the fourth most common causative agents of healthcare-associated BSIs in the USA, accounting for 8–10% of all BSIs acquired in the hospital (4, 7, 15). The global incidence rate of candidemia is increasing due to an increase in the population receiving immunosuppressive therapy, a growing elderly population, and an increase in the survival of patients with previously considered lethal diseases (3, 11, 15). Various studies have shown that the incidence rate of candidemia in ICU settings ranges from 0.7 to 23.1 cases per 10,000 PDs (16, 17).

In this report, we estimated the pooled mean incidence rate of candidemia to be 2.4 cases/10,000 PDs, and the annual incidence rate was found to decrease from 3.05 cases/10,000 PDs in 2006 to 2.5 cases/10,000 PDs in 2017. In another study in the Republic of Korea, the average incidence of candidemia at nine university hospitals in 2011 was 2.01 cases/10,000 PDs (18). The participating hospitals' overall HAI incidence rate was found to have decreased significantly during the study period (14). The CLABSI incidence rate showed a particularly marked decrease since continuous KONIS surveillance (19). We believe that participation in continuous national surveillance has contributed to a significant reduction in BSI and candidemia incidence rates.

But noteworthy, a significant increase has been observed in the proportion of BSIs involving candidemia, Candida spp. have been the most commonly encountered BSI pathogens since 2013 in this study. A point-prevalence study conducted in several US states found that Candida spp. were the most prevalent healthcare-associated BSI pathogens; their prevalence exceeded those of some common bacterial species (5). This surprising result that Candida spp. is the most common pathogen of BSI has significant implications, such as increased incidence rate observed in the other studies mentioned previously. This may require more accurate, and early treatment and a new challenge for infection control. This may be due to a combination of factors such as an increase in elderly patients, an increase in complex ICU patients, an increase in invasive procedures, more extensive surgical procedures, and an increase in antibiotics use including antifungal agents (20).

As is well known, ICU patients have high candidemia risk than the general ward; higher candidemia rates were reported. A retrospective study conducted in Belgium showed a significant increase in candidemia incidence from 0.86 cases/10,000 PDs in 2006 to 2.12 cases/10,000 PDs in 2012, driven by ICUs. The incidence of candidemia in ICUs increased to 10.7/10,000 PDs, whereas candidemia incidence in the non-ICU wards decreased (2). A meta-analysis of population-based studies in Europe (3) showed an increase in the overall pooled incidence rate over 10 years, and the highest pooled incidence rate was observed in ICUs (5.5/1,000 admissions). The increased proportion of candidemia seen in this study was more pronounced because it was ICU surveillance. Our challenge is that these ICU patients not only have a higher incidence rate but have also proven to have a higher mortality rate that is affected by the underlying diseases (21, 22). Therefore, it is important to prevent and manage candidemia in ICU settings, and it is necessary to conduct continuous surveillance for candidemia as a key indicator of infection control. Early intervention strategies that facilitate identifying of high-risk candidates to receive early antifungal treatment were needed to improve ICU patients with candidemia outcomes (23). According to the IDSA recommendations, a safe and effective prophylactic strategy, including appropriate antifungal use to prevent candidemia among high-risk patients and daily bathing with chlorhexidine could be considered (24). Infectious disease consultation is one of the best-proven ways to lower patients' mortality rates with candidemia (25).

The high proportion of candidemia found in this study may be attributable to the use of more invasive devices. In a previous KONIS study, the DUR was reported to remain similar over 10-years without a significant decrease in the DUR for C-lines (14). A significant increase in the proportion of candidemia occurred in hospitals with <500 beds. The central line DUR increased slightly in hospitals with 500 beds or less, although this increase was not significant. The lack of reduction in DUR is likely to have contributed to the high proportion of candidemia. In a survey of participating hospitals, the proportion of appropriate use of sterile full body drape and antiseptics during C-line insertion was not enough (55–72%, respectively) (26). Therefore, the proper application of the C-line insertion practice and reducing the DUR may reduce candidemia (27). Appropriate training and adherence monitoring for C-line insertion practice and maintenance will continue to be needed.

The increase in the proportion of candidemia found in this study may be attributable to increasing accuracy of identification tests, such as matrix-assisted laser desorption ionization time-of-flight mass spectrometry, and increasing use of broad-spectrum antibiotics including antifungal agents (28). Fluconazole use has increased by ~4-fold in the past decade (20). The antibiotic stewardship program and monitoring of antimicrobial consumption may be helpful, therefore, its consideration is needed (29).

It is well known that surgical patients especially abdominal operations have a high risk of candidemia. It could have damaged the gastrointestinal barriers and caused skin colonization at vascular insertion sites, which placed these patients at greater risk for developing invasive candidiasis (23), as observed in this study. The increase in the proportion of candidemia in smaller hospitals with <500 beds might be caused by inadequate infection prevention and control support (30). Appropriate infection prevention and control programs such as central line removal and early antifungal therapy may be helpful (31).

There was a substantial reduction in the incidence of BSIs caused by S. aureus. A recent study from USA also reported that the overall incidence of S. aureus infections had declined slightly (32). Other domestic studies have also reported that the incidence density of ICU-acquired MRSA bacteremia decreased by 20% annually (33). Improved infection control using chlorhexidine, hand hygiene, and reductions in the length of hospital stay have been reported to be associated with a decreased incidence of infections caused by hospital-associated epidemic strains in time-series analyses (34). The reduction in the most common pathogen may have contributed to an increase in the candidemia proportion. However, an increase in candidemia proportion cannot reduce its importance. With the increase in the proportion of HAIs involving candidemia, it is important to implement infection control measures directed at fungal pathogens differently from bacteria by analyzing of risk factors.

Human diseases are caused by at least 15 distinct Candida spp.; more than 90% of invasive candidiases are caused by the five most common pathogens: C. albicans, C. glabrata, C. tropicalis, C. parapsilosis, and C. krusei (24). Although C. albicans remains the most prevalent species, there has been a shift in prevalence toward non-albicans Candida spp. in recent decades, especially in ICU patients. The epidemiology of candidemia differs by country. C. albicans was the predominant species in most studies (range 37.9–76.3%). C. glabrata was the second most commonly isolated Candida spp. in North America, North China, and North Europe. In contrast C. parapsilosis has emerged in Southern Europe and Latin America as a causative agent of non-albicans candidemia (2, 17, 35). In this study, no significant shift was observed toward non-albicans Candida spp., and C. albicans remained the dominant cause of candidemia. In a multicenter study conducted in the Republic of Korea, the distribution of Candida spp. was as follows: C. albicans (38–40.4%), C. parapsilosis (19.9–26%), C. tropicalis (17.6–20%), C. glabrata (11–14.2%), and miscellaneous Candida spp. (5%), which is similar to the distribution found in this study (18, 36). However, this study's important finding was the significant increase in the annual proportion of C. glabrata candidemia. The proportion of C. glabrata candidemia has been increasing worldwide (8, 9, 11, 37). In a retrospective epidemiological study of candidemia in Japan, C. parapsilosis was the second most common species, but the proportion of C. glabrata was significantly increased (38). In this study, the decreased incidence of C. parapsilosis candidemia offset the increase in the incidence of C. glabrata candidemia; thus, there was no significant increase in the overall proportion of non-albicans candidemia. Since C. parapsilosis colonizes the skin, it is a common cause of catheter-related infections. In contrast, C. glabrata candidemia is more common among older patients and patients with malignancies (17). Therefore, the increasing proportion of C. glabrata candidemia may reflect the increase in the burden of immunocompromised and elderly patients in ICUs. This report also revealed a significant increase in the proportion of candidemia among patients in organ transplant wards. The increase in C. glabrata can be interpreted in association with this. In addition, increasing the use of antifungal and broad-spectrum antibiotics may have contributed. Fluconazole prophylaxis was the single most important determinant (20, 39).

C. glabrata has been reported to show antifungal resistance, including an intrinsically decreased susceptibility to azole agents and resistance to amphotericin B (37). BSIs caused by non-albicans Candida spp. are difficult to treat due to antifungal resistance and have a high mortality rate (40). According to an epidemiologic study conducted in Europe, mortality was higher in patients with non-albicans Candida infections than those with C. albicans infection (47.3 vs. 32.4%, respectively) (3, 35). Thus, continuous monitoring and research on precipitating factors for the increasing proportion of C. glabrata candidemia shown in this study are important. Additionally, an antifungal stewardship program is needed.

C. auris, a problematic strain, has no reports of outbreaks in healthcare settings in Republic of Korea, and there was no such case in this study (41, 42).

The incidence of non-albicans candidemia has been reported to be high among patients receiving total parenteral nutrition (TPN), while C. albicans candidemia has been more common among surgical patients (35). This study also found a significant increase in the proportion of candidemia in surgical ICUs. Although we did not collect data on TPN, our findings highlight the importance of infection control in surgical ICUs.

The present study had several limitations. We did not include results on isolate susceptibility and changes in antifungal consumption. A previous study conducted in the Republic of Korea found a low resistance rate to fluconazole (1.4%, 9/636) in Candida isolates (43). The monitoring of antifungal susceptibility should be included in future surveillance. We could not review detailed clinical information of the patients, the severity of their illnesses, and related mortality. Data of community-acquired BSIs were excluded, while the general wards other than the ICU were not included. Nevertheless, this study provides important information on the trends in infection control of candidemia by analyzing the epidemiology and related hospital characteristics over a 12-year period. It also confirms the importance of candidemia control in resource-limited hospitals such as those with <500 beds and surgical ICUs. Continued research is needed to identify interventions associated with these decreasing trends to accelerate further the reduction in incidence, including improved prevention and treatment strategies, such as the optimal use of antifungal treatments and reduction in the unnecessary use of catheters.



CONCLUSIONS

The proportion of candidemia has increased in the Republic of Korea, specifically in hospitals with <500 beds and surgical ICUs. Moreover the proportion of candidemia caused by C. glabrata has gradually increased. Therefore, appropriate infection control programs are needed.
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