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Abstract

:

Candida auris has been identified by the World Health Organization (WHO) as a critical priority pathogen on its latest list of fungi. C. auris infections are reported in the bloodstream and less commonly in the cerebrospinal fluid and abdomen, with mortality rates that range between 30% and 72%. However, no large-scale epidemiology studies have been reported until now. The diagnosis of C. auris infections can be challenging, particularly when employing conventional techniques. This can impede the early detection of outbreaks and the implementation of appropriate control measures. The yeast can easily spread between patients and in healthcare settings through contaminated environments or equipment, where it can survive for extended periods. Therefore, it would be desirable to screen patients for C. auris colonisation. This would allow facilities to identify patients with the disease and take appropriate prevention and control measures. It is frequently unsusceptible to drugs, with varying patterns of resistance observed among clades and geographical regions. This review provides updates on C. auris, including epidemiology, clinical characteristics, genomic analysis, evolution, colonisation, infection, identification, resistance profiles, therapeutic options, prevention, and control.
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1. Introduction


The incidence of human fungal infections is on the rise, affecting billions of people worldwide [1]. Annually, these infections cause the deaths of over 1.5 million people [2]. On 25 October 2022, the World Health Organization (WHO) published a list of 19 priority fungal pathogens that pose the greatest threat to public health [3,4]. The WHO has classified the priority fungal pathogens into three categories: critical, high, and medium priority [2,5]. Candida spp. are the primary cause of invasive fungal infections (IFIs) among fungal pathogens [6,7,8,9]. The increased use of fluconazole and other antifungals as prophylaxis or therapy for IFIs has increased the incidence of non-albicans Candida species-invasive infections [10]. Multidrug-resistant Candida spp that are emerging include C. glabrata, C. krusei, C. lusitaniae, members of the C. guilliermondii complex, C. kefyr, members of the C. haemulonii complex, and C. auris [11]. The latter, a multidrug-resistant fungal pathogen, is classified as a critical priority by the WHO [12]. This formal recognition by the WHO is intended to provide guidance for research, development, and public health action in the context of invasive fungal diseases. In light of the growing prevalence of multidrug-resistant C. auris strains, it is imperative to develop novel therapeutic strategies that encompass the development of new antifungal agents and the combination of existing drugs. C. auris is a member of the ascomycetous (hemiascomycetes) Clavispora clade in the Metschnikowiaceae family of the order Saccharomycetales. The term ‘auris’ is derived from the Latin word for ‘ear’. It was first discovered in the ear canal of a 70-year-old Japanese patient who was hospitalised in 2009, although the first retrospective isolation dates back to 1996 [13,14]. Identification was performed by analysing the sequence of the D1/D2 domain of the 26S rDNA gene and the ITS region using phylogenetic analysis. This allowed clinicians to distinguish C. auris from its closest phylogenetically related species, C. heamulonii, for the first time [15,16]. The first recorded case of C. auris in Europe dates back to 2007 and belongs to the South Indian clade (clade I) [17]. Out of 15,271 Candida isolates collected between 2004 and 2015, only 4 were identified as C. auris. All four were collected after 2009 [18,19].



Articles published between 2019 and 2023 were searched for recent updates on C. auris. The search was limited to publications in the English language and included Medline, Scopus, and Global Health. The search term ‘C. auris’ was used. This review objectively and clearly discusses the most recent updates in C. auris, including epidemiology, clinical characteristics, genomic analysis, evolution, colonisation, infection, identification, resistance profiles, therapeutic options, prevention, and control.



1.1. Epidemiology


Shortly after it was first described in 2009, Candida auris isolates were reported to cause not only otitis media, as the name suggests, but invasive infections leading to hospital outbreaks. In 2018, the European Centre for Disease Prevention and Control (ECDC) updated its rapid risk assessment for C. auris in healthcare settings due to a significant increase in the number of cases detected in European countries (Table 1).



The number of reported cases in the US increased from 476 in 2019 to 1471 in 2021. Similarly, in Europe, the reported cases rose from 335 to 655 in the 2020/2021 biennium [20]. Following an outbreak in northern Italy, a further risk assessment was carried out in 2022 [21]. C. auris has been detected in almost 100 hospitals in South Africa, causing large outbreaks and accounting for approximately 10% of candidemia cases [22]. In India, in 27 intensive care units (ICUs), C. auris has been implicated in 5% of cases of candidemia [23,24]. The diagnosis of C. auris infection can be challenging due to the lack of specific symptoms that are exclusively characteristic of this fungal pathogen. Furthermore, C. auris should be included in the list of reportable pathogens associated with healthcare-associated infections, as colonised patients may act as a potential source of transmission of C. auris to other patients within healthcare facilities and may also be at risk of invasive infections. The prevalence of C. auris in the community is currently unknown and there is no routine screening for this fungal pathogen upon admission to hospital [25]. Two separate studies conducted in the UK and the USA found low rates of carriage upon admission, which were only identified in those who had previous exposure to a hospitalised environment [20,26,27].




1.2. Clinical Characteristics


This microorganism causes severe invasive infections with high mortality rates worldwide, particularly among hospitalised and immunocompromised patients [28,29,30,31,32]. Despite the absence of global data regarding the incidence of Candida auris and mortality rates, the notable rise in clinical cases is an emerging concern due to the organism’s distinctive characteristics (Figure 1) [33]. Firstly, it displays an unparalleled level of resistance to multiple antifungal agents commonly used to treat other Candida infections, which severely limits therapeutic options [34]. Recently, pan-antifungal resistant strains have also been reported [35]. Although the overall number of pan-resistant cases reported so far is low, their emergence is worrying [35]. Detection in axillary and groin swabs may indicate carriage rather than infection with a risk of transmission to others and later invasive infection [36,37,38]. Unlike other Candida infections, which are usually the result of autoinfection by the host flora, C. auris does not colonise mucosal surfaces or the gastrointestinal tract [39]. Instead, it has a distinct affinity for the skin, where it can persist for extended periods [39]. C. auris infections are frequently reported in the bloodstream and have also been linked to wound, catheter tip, and intra-abdominal infections (Figure 1) [40]. It has also been isolated from ear and respiratory samples, urine, bile, and jejunal biopsies [41]. Although the disease burden is lower in the paediatric population than in adults, there have been 256 reported cases in children, mostly from South Africa and South Asia [42]. Mortality rates for paediatric patients with C. auris bloodstream infections were up to 40%, which is lower than that of adult patients [42,43,44]. Healthcare-acquired transmission of C. auris mainly affects individuals with chronic illnesses, a history of other resistant pathogens, and invasive medical devices such as mechanical ventilation, tracheostomies, feeding tubes, and urinary catheters [30,45]. The halotolerance of C. auris enables it to survive on the skin, particularly in areas that are frequently exposed to high salinity and temperatures during periods of strenuous physical activity, such as the axilla and groin [46]. Effective disinfection and sterilisation are crucial in reducing the risk of contamination of reusable medical devices, which has been linked to significant mortality. The importance of these measures is highlighted by concerns about the transmissibility and persistence of infections [30,47].




1.3. Genomic Analysis


WGS analyses indicate that C. auris emerged at the same time on several continents, with six distinct clades in South Asia, East Asia, Africa, and South America [49]. Clade I, the South Asian clade, was first discovered in India and Pakistan; clade II, the East Asian clade, was first discovered in Japan; clade III, the South African clade, was first discovered in South Africa; clade IV, the South American clade, was first discovered in Venezuela; and clade V was recently discovered in Iran [50]. Candida auris isolates frequently exhibit drug resistance, with patterns varying among clades and geographical regions [51]. Recently, two additional genetically distinct clades, both fluconazole-resistant, have been isolated in Iran [52]. Thousands of single nucleotide polymorphisms (SNPs) separate each clade, but strains within each clade are highly clonal, with an average of fewer than 70 SNPs separating two isolates within a clade [53]. Together with different geographical resistance mechanisms, it is likely that clones are expanding and evolving independently. Increasing antifungal selection pressure in humans, animals, and the environment may be driving the emergence of the pathogen. In a retrospective analysis conducted worldwide from 2009 to 2020, the most prevalent strain (clade I) was found to be South Asian and was identified in 17 countries [54]. The South African strain (clade III) followed, identified in eight countries, and the East Asian strain (clade II) was reported in only five countries. The South American strain (clade IV) was identified in three countries [54] (Figure 2).




1.4. C. auris and COVID-19


Previous research has indicated that patients with severe COVID-19 infection during the early stages of the pandemic were at an elevated risk of developing bacterial and fungal infections [32,55]. The COVID-19 pandemic may have contributed to the increased spread of C. auris. This could be due to the pressure on the global healthcare system and compromised infection prevention and control practices. Additionally, the pandemic may have hindered the detection of additional cases [56]. However, outbreaks of C. auris among severely ill COVID-19 patients during the peak of the pandemic were only observed in certain countries, such as Italy and the USA [21]. An epidemiological analysis conducted during the pandemic in the United Arab Emirates found an increase in COVID-19 and C. auris co-infection in hospitals with overwhelmed intensive care units [57]. Patients had significant underlying comorbidities and were treated with broad-spectrum antibiotics and immunosuppressive therapies. They also had indwelling urinary catheters and intravenous catheters [58]. An outbreak of C. auris was identified in an ICU with COVID-19 patients in India. The mortality rate was high. The time of infection onset ranged from 3 to 8 weeks after admission. Most patients had central venous and urinary catheters, required mechanical ventilation, and had underlying chronic diseases such as diabetes mellitus and hypertension [59]. During the pandemic, Spain and Italy experienced a significant increase in C. auris and multidrug-resistant organism infections, with some cases of nosocomial outbreaks in patients admitted to intensive care units with COVID-19 infection [60,61].




1.5. Insights into the Evolution of C. auris


A puzzling feature of Candida auris is its rapid and simultaneous emergence on all continents. Several hypotheses have been proposed to explain its emergence. One of these is the use of an improved diagnostic tool to identify it. To test whether it had been misidentified before its recent emergence in 2009, the SENTRY Antifungal Surveillance Program was reviewed. The program includes 20,788 candidemia isolates gathered between 1997 and 2016 from Asia, Europe, Latin America, and North America [62]. Only a small number of presumptive C. haemuloni isolates collected prior to 2009 have been retrospectively re-identified as C. auris using MALDI-TOF mass spectrometry. These data confirm that the global spread of C. auris is a recent occurrence, with few reported cases prior to its initial report. Due to the significant increase in reports of C. auris across various regions worldwide, it was necessary to investigate whether it originated from a single location and then spread globally, possibly through human migration, or whether it originated independently in different countries. Whole genome sequencing (WGS) and single nucleotide polymorphism analysis, combined with epidemiological observations, have shown that genetically unrelated clonal populations of C. auris emerged independently and simultaneously in different geographical areas [63]. Genetically distinct clades of C. auris display high inter-clade genetic diversity, differing from each other by tens to hundreds of thousands of SNPs. However, their intra-clade diversity is much lower, ranging from tens to hundreds of SNPs, supporting the hypothesis of the independent emergence of C. auris in different parts of the world [64]. The different clades displayed unique clinical and microbiological characteristics. Nosocomial outbreaks and invasive infections were linked to clades I, III, and IV. This is consistent with the results of Bayesian molecular clock dating analyses, which estimated that the outbreak-causing isolates belonging to these three clades originated 36 to 38 years ago [65]. In contrast, clade II and clade V have primarily been associated with ear colonisation or infection [51]. However, the process through which this organism became a human pathogen on three continents remains unclear. Furthermore, the explanation for the recent and progressive acquisition of virulence factors is unconvincing as it does not account for their simultaneous emergence in different regions. The virulence capacity of a species depends on a set of pathogenicity determinants that should have occurred globally at the same time [64,66,67]. During the 20th century, human activity caused significant changes to the natural environment, resulting in climate change. As a consequence, the ecology of infectious diseases has been affected [68]. It has been hypothesised that the emergence of C. auris may be linked to a warmer climate (Figure 3). This theory suggests that higher ambient temperatures could have contributed to the proliferation of C. auris in the environment due to its higher thermal tolerance compared to other Candida spp. [69]. Thus, according to this theory, the thermotolerance and pronounced halotolerance of C. auris may have originated from a non-pathogenic environmental ancestor found in high-salinity regions, which through evolutionary adaptation was able to overcome the mammalian thermal barrier and cause infection [70]. C. auris has been found in various marine habitats, including public swimming pools, confirming its adaptability to different aquatic environments [70]. However, this does not explain why genetically distinct clades co-evolved in different regions worldwide. It has been suggested that birds may have contributed to the global spread of C. auris progenitors, enabling the independent evolution of different clades across continents (Figure 3). The recent discovery of C. auris in the oral cavity of a dog supports the hypothesis of zoonotic transmission [71]. The validation of the theory necessitates multidisciplinary research to clarify transmission dynamics and investigate potential environmental and animal reservoirs. It is important to consider the fungus’ morphogenetic flexibility, which enables it to adapt to various environments and persist.




1.6. The Dynamics of C. auris Colonisation and Infection


The risk factors for C. auris infection are not different from those of other Candida species [72]. These include prolonged stays in high-risk healthcare settings such as ICUs and severe underlying diseases such as HIV, neutropenia, chronic kidney disease, and diabetes mellitus [73]. Other important factors include the presence of catheters, mechanical ventilation, long treatment with antibiotics or antifungals, and invasive surgery [74].



C. auris is an opportunistic pathogen with a clinical spectrum similar to that of other Candida spp. [47,75]. The range of Candida infection varies from asymptomatic colonisation to superficial and invasive infection. The latter is most commonly associated with healthcare settings. Candida auris is not a commensal yeast, but it can persist on human skin and abiotic surfaces for extended periods [30]. This persistence has resulted in significant outbreaks in healthcare facilities, as the yeast is easily transmitted through contact with contaminated objects or through skin-to-skin contact with infected individuals [10]. According to the CDC, patients should undergo screening for C. auris colonisation if they have been admitted to a healthcare facility within the last year or if they have been admitted to a healthcare facility abroad and are infected with carbapenemase-producing Gram-negative bacteria [28]. This is because the co-colonisation of C. auris with these microorganisms is very common, particularly in countries with documented cases of C. auris. Although screening upon admission to hospital is not routine, there is considerable evidence to support the importance of screening all critically ill patients. This is particularly important for critically ill patients, such as those with chronic respiratory disease, who are at significant risk of colonisation, particularly in areas where C. auris is endemic [30,76]. Different studies have demonstrated that patients who are discharged to the community typically take around eight months to become colonisation-negative. However, patients who remain in healthcare facilities often continue to experience persistent colonisation [77,78,79].




1.7. Identification and Typing


The identification of C. auris by biochemical methods can be difficult and unreliable if the test has not been updated to include C. auris, due to phenotypic similarities with other species such as C. haemulonii, C. duobushaemulonii, C. lusitaniae, and C. famata [80]. Although commercial biochemical tests are commonly used to identify C. auris, they are not always effective in identifying all isolates. For example, the VITEX 2 XL (bioMérieux version 8.01) can detect C. auris isolates from the South American clade, but has limited ability to correctly identify C. auris from the African or East Asian clades [81]. An excellent alternative to standard fungal media for screening patients potentially colonised/infected with C. auris is CHROMagarTM Candida Plus. At 36 h of incubation, it has a sensitivity and specificity of 100%, with C. auris colonies appearing as a light blue colour with a blue halo [82]. Options for species identification include matrix-assisted laser desorption/ionisation time-of-flight (MALDI-TOF) mass spectrometry and molecular methods (Figure 4) [80]. The sequencing of different DNA loci in specific regions of ribosomal genes, such as 18S rDNA, 28S rDNA, or internal transcribed spacers ITS1 and ITS2, can be used for molecular identification of C. auris [83]. Real-time polymerase chain reaction (PCR) and loop-mediated isothermal amplification (LAMP) are alternative methods that can also be utilised [84]. However, in the investigation of an outbreak, higher-resolution methods such as whole genome sequencing analysis and typing by amplified fragment length polymorphism (AFLP) are needed to identify the route of disease transmission within a population and to provide information on the likely source [85]. Recent reports suggest that strains from more than one clade are found in most continents and countries, indicating that clades are more widely distributed. Therefore, the isolation area is no longer a reliable parameter for clade typing [86]. Investigations into potential outbreaks should begin as soon as a single case is detected in a hospital setting. Typing is essential in order to characterise the introduction and spread of the outbreak (Figure 4). Identifying the clade level will provide information on the strain’s antimicrobial resistance, virulence, biofilm production, and mortality rate [86]. This information is crucial as isolates from different geographical clades may differ in these properties. The identification of new and genetically distinct strains in C. auris is essential, and typing plays a significant role in this process. The presence of both MTLa and MTLα coupling types in each clade of C.auris raises concerns about the possibility of recombination between strains from different clades. Isolates from clades 1 and 4 exhibit the MTLa coupling type, while isolates from clades 2 and 3 exhibit the alternative MTLα coupling type [65,86]. Due to the mixed distribution of strains with different types of coupling, it is possible that genetically distinct hybrid profiles may emerge, which could be highly resistant or highly virulent.




1.8. Antifungal Drug Resistance in C. auris


Determining the most effective treatment for C. auris is difficult due to the absence of established susceptibility breakpoints [85]. Although clinical cut-off values for C. auris antifungal susceptibility tests have not yet been reported, it is known that high MICs for some antifungal agents, such as azoles, indicate that these compounds are not a viable therapeutic option for most clinical cases [34]. However, tentative CDC MIC breakpoints have been used for the following antifungal agents: fluconazole (≥32 µg/mL), voriconazole (≥2 µg/mL), posaconazole (≥2 µg/mL), itraconazole (≥2 µg/mL), anidulafungin (≥4 µg/mL), micafungin (≥4 µg/mL), caspofungin (≥4 µg/mL), and amphotericin B (≥2 µg/mL) [87]. According to these breakpoints, around 90% of C. auris isolates in the US are resistant to azoles, 30% are resistant to amphotericin B, and 3–5% are resistant to echinocandins. It is important to note that these percentages may vary and exhibit varying levels of resistance depending on the specific clade. Clade II exhibits the highest sensitivity to fluconazole, whereas isolates of clade I from the United Kingdom, India, and Pakistan demonstrate the highest resistance levels to fluconazole (97%) and amphotericin B (40–50%) [88]. Clades IV and III demonstrate the highest levels of resistance to echinocandins, reaching up to 7%. Echinocandins are crucial for treating C. auris infections and are the recommended first-line therapy for the most invasive Candida infections. Echinocandin resistance, particularly when combined with resistance to azole and amphotericin B (pan-resistance), is a significant clinical and public health concern [42,89]. Antifungal drug resistance in C. auris is acquired through various mechanisms, including the alteration of drug targets, increased efflux pump activity, or the activation of cellular stress response pathways [90]. These mechanisms are not unique to C. auris [91]. Fluconazole is a triazole derivative that interferes with the enzyme lanosterol α1-4 demethylase. This enzyme is encoded by the gene ERG11 and is involved in ergosterol biosynthesis. Mutations in ERG11, such as F126L, Y132F, and K143L, are responsible for azole resistance. The K143R mutation is related to cross-resistance to azoles and could partially explain the high resistance to azoles exhibited by C. auris [92,93]. Furthermore, these mutations often coexist with the overexpression of genes encoding major facilitator efflux pumps (MDR) and ATP-binding cassette transporters for CDR, or their transcription factors (MDR1 and TAC1). Additionally, mutations in the Upc2 gene lead to the overexpression of ERG11 [94]. These mechanisms can act individually, sequentially, or simultaneously, resulting in the emergence of isolates with increasingly higher levels of azole resistance. Amphotericin B is a polyene that binds to ergosterol and creates pores at the membrane level. Resistance to this drug is primarily caused by modifications in the sterol composition of the membrane [95]. The mechanism of C. auris has not been extensively studied, but it is believed to be associated with modifications in the genes ERG2, ERG3, or ERG6, similar to other Candida species. These modifications result in a decrease in ergosterol content and the replacement of biosynthetic precursors, such as lichesterol, lansosterol, and fecosterol, which have reduced affinity for amphotericin B [96]. Echinocandins are lipopeptidic antifungal drugs that inhibit the enzyme β-(1-3)D-glucan synthase, which is encoded by the FKS genes (FKS1, FKS2, FKS3). In C. auris, resistance to echinocandins is achieved through point mutations in the FKS1 gene (S639F, S639P, S639Y, F635P, and S635P). The S639 mutation is believed to provide pan-echinocandin resistance [64].



A molecular mechanism of resistance has been reported in a C. auris strain that is resistant to 5-fluorocytosine. This mechanism involves an SNP in the FUR1 gene that leads to a change in the F211I residue in the enzyme uracil phosphoribosyl transferase. This enzyme is crucial for converting the drug into its active form [97]. Therefore, the development of new antifungal drugs that target these mechanisms in a broad range of fungal pathogens is crucial. It is estimated that approximately 50% of C. auris isolates from five continents are resistant to one or more classes of antifungal agents [38]. Although resistance to echinocandins has been rare, concerns have been raised due to evidence of transfer between healthcare facilities. Patients colonised with multidrug-resistant C. auris who are discharged into the community may subsequently receive treatment in another healthcare setting, leading to nosocomial transmission of C. auris [77,98]. The emergence of echinocandin-resistant isolates after prolonged exposure to anidulafungin or caspofungin during an outbreak is a cause for concern [99].





2. Therapeutic Options


The treatment of Candida infections varies depending on the site of the infection, the immune status of the patient, and the species of Candida responsible for the infection [100,101]. Current guidelines recommend echinocandin monotherapy as the form of empirical treatment prior to the results of susceptibility testing for candidemia and invasive candidiasis [102]. Caspofungin and micafungin are recommended for the treatment of adults and children over six months of age, while anidulafungin is only recommended for adults. This treatment is also recommended for C. auris isolates, which are commonly resistant to fluconazole [102]. Late complications may occur with echinocandin therapy and echinocandin-resistant strains may emerge during C. auris treatment [103]. Therefore, it is important to monitor the patient’s clinical progress during therapy by repeating susceptibility testing to assess for possible acquisition of resistance. Liposomal amphotericin B should be considered as an alternative or additional option if treatment is not effective within five days. Amphotericin B deoxycholate is recommended for neonates and infants under two months of age. For multidrug-resistant C. auris isolates, a combination of drugs may be used [28]. However, there are currently insufficient data to determine the most appropriate therapy for pan-resistant strains of C. auris [35,104]. These strains have the potential to develop resistance to all three main classes of antifungal agents (echinocandins, amphotericin B, and azoles), even during the course of clinical treatment. Recent studies indicate that combining different antifungal medications, such as azoles with echinocandins, polyenes with 5-flucytosine, or caspofungin with posaconazole, may be effective against pan-resistant strains of C. auris [105]. Rezafungin, ibrexafungerp, and fosmanogepix are three compounds currently in late-stage clinical development [106]. Rezafungin is a new echinocandin with a prolonged half-life. Ibrexafungerp is a first-in-class triterpenoid and fosmanogepix is a novel Gwt1 enzyme inhibitor. These are promising candidates for the treatment of invasive candidiasis, including multidrug-resistant isolates of C. auris [106].



Strategies for Preventing the Transmission and Colonisation of C. auris in Healthcare Settings


Candida auris can persist and survive for extended periods, particularly in healthcare settings, due to its ability to grow at higher temperatures and tolerate high salt concentrations. These unique characteristics of the fungus allow it to thrive in such environments [10]. Outbreak investigations have shown that C. auris isolates from patients can contaminate various surfaces, even those not directly in contact with the patient. These surfaces include ventilators, floors, patient bed trolleys, chairs, and window sills [64]. Therefore, proper decontamination of non-disposable biomedical products and equipment prior to reuse with another patient is essential in order to control fungal transmission.



The importance of implementing strict infection prevention and control measures is demonstrated by the prolonged persistence of C. auris on surfaces and its rapid colonisation of patients [30]. A wide variety of products and experimental methods have been tested to disinfect environmental surfaces contaminated with C. auris [107]. However, the findings of these studies have not always been consistent [108]. Several studies have demonstrated the effectiveness of Chlor-Clean and Haz-Tab, which are chlorine-based products with concentrations of 1000 ppm and 10,000 ppm, respectively, in eradicating clinical isolates of C. auris within 3 min of contact [109]. Further studies have shown that the use of 1% and 2% NaOCl is highly effective in completely eliminating C. auris from cellulose surfaces, but not from steel or plastic surfaces, after a 10 min contact time [110]. In addition, most NaOCl-based commercial products were found to be ineffective against C. auris biofilms [110]. The effectiveness of removing C. auris from various surfaces, including stainless steel, porcelain, plastic, and glass, has been achieved using a combination of peracetic acid and NaOCl [111]. Vaporised hydrogen peroxide is a commonly used method for environmental decontamination. However, there is currently insufficient evidence to support its effectiveness against C. auris in healthcare facilities [110]. Therefore, its use is recommended as an additional safety measure in conjunction with other cleaning and disinfection methods. Although quaternary ammonium compounds are frequently used as disinfectants in healthcare settings, their effectiveness against C. auris has not yet been proven, and their use is currently not recommended [30]. Infection control precautions should be consistent, as C. auris can be transmitted regardless of whether a person is infected or colonised [10]. It is widely recommended to screen those who have been exposed to or have had close contact with confirmed C. auris cases. Successful outbreak management was achieved through the active screening of potentially exposed patients, followed by strict infection control measures [112].





3. Conclusions


Experimental mouse models have shown that Candida auris spreads more easily and can be more resistant than other Candida species. It is important to note, however, that resistance does not necessarily indicate greater virulence. C. auris is an important example of emerging fungal pathogens becoming increasingly resistant. Factors such as climate change may be contributing to the emergence of this pathogen. The success of the pathogen as a nosocomial infection is attributed to its ability to persist for long periods in ICUs. To tackle this problem, it is important to have more antifungal agents in development, as there are currently only a limited number available. Additionally, diagnostics play a crucial role. A point-of-care test conducted outside of a laboratory setting would have a significant impact. The results would be available quickly, allowing for timely preventive measures to be taken and making screening more efficient. Although it is generally advised that colonisation treatment should not be initiated without clear evidence of infection, it is nonetheless important to ascertain the existence of products capable of reducing the skin burden, thereby preventing infection in the patient and limiting transmission to others.



To prevent infection, healthcare facilities should conduct surveillance by monitoring and identifying patients’ medical records. For example, in the event that a patient tests positive for C. auris and is readmitted to the facility, clinicians can be alerted to implement appropriate transmission-related precautions without the necessity for re-screening. In certain healthcare facilities, disease has spread after admitting cases, while others have struggled to contain large epidemics. It is hoped that the knowledge gained about C. auris and the improvements made, particularly in infection control, will prevent the spread of future outbreaks.
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Figure 1. The emergence of Candida auris as a human pathogen is a significant concern for several reasons. (A) Most C. auris isolates are resistant to antifungals commonly used against other Candida species, and multidrug-resistant strains have recently emerged. (B) C. auris is capable of causing severe invasive infections, such as bloodstream infections, meningitis, endocarditis, intra-abdominal infections, respiratory infections, and urinary tract infections [48]. (C) Identifying C. auris isolates can be challenging due to the limitations of commonly used diagnostic tools, including cultural and biochemical methods. This can lead to improper therapies, multidrug resistance, and fatal outcomes. (D) Candida auris is capable of persisting on medical devices, such as catheters, thermometers, endotracheal tubes, and human skin, facilitating its transmission among patients and causing hospital outbreaks. This is true even in the presence of commonly used disinfectants. 
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Figure 2. A map illustrating the global distribution of major clades of C. auris. Clade I is the most prevalent, with occurrences reported in 17 countries. These include India, Kuwait, the United Kingdom, the USA, Canada, Oman, Pakistan, Spain, China, Kenya, Russia, Israel, Germany, the Netherlands, Greece, and Italy. Clade II was identified in the USA, the United Kingdom, Japan, Korea, Malaysia, and Australia. Clade III was reported in eight countries: South Africa, the United Kingdom, China, Germany, Saudi Arabia, Spain, Australia, and Canada. Clade IV was identified in the United States, Colombia, and Venezuela. In contrast, clade V is the only clade reported exclusively in Iran. 
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Figure 3. Transmission and evolutionary dynamics of Candida auris. (1) The impact of anthropogenic climate change is increasingly affecting infectious diseases worldwide. This is due to higher temperatures, sea level rise, droughts, and desertification. (2) It is possible that global warming acted as a selective pressure on non-pathogenic C. auris ancestors, favouring strains adapted to live in high-salinity regions and higher temperatures, such as wetlands. (3) The independent evolution of four geographically distinct C. auris clades may have been caused by the transportation of the fungus from its original environment to other areas of the planet by migratory birds or other intermediate hosts. (4) These clades have since spread globally. (5) It is possible that the fungus first colonised humans in rural areas before subsequently emerging in hospitals. 
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Figure 4. Schematic representation of prevention and control strategies for C. auris infections. Either MALDI-TOF MS or DNA-based methods, both sequencing-dependent and -independent, are recommended for species identification. For the control of hospital outbreaks, typing is necessary, requiring sophisticated diagnostic tools such as multilocus sequence typing (MLST) or whole genome sequencing (WGS). Once C. auris has been identified, transmission precautions should be put in place immediately. 
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Table 1. Cases of C. auris infection EU/EEA *, 2018–2021.
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	Country
	2018
	2019
	2020
	2021





	Austria
	1
	0
	2
	1



	Belgium
	0
	3
	0
	1



	Denmark
	0
	0
	0
	2



	Finland
	0
	0
	0
	1



	France
	0
	3
	4
	4



	Germany
	2
	3
	5
	10



	Greek
	0
	3
	13
	58



	Ireland
	0
	0
	0
	1



	Italy
	0
	1
	49
	242



	Malta
	0
	0
	0
	0



	Norway
	1
	0
	0
	2



	Spain
	230
	135
	260
	331



	Sweeden
	0
	0
	1
	1



	The Netherlands
	2
	1
	1
	1







*, EEA: European Economic Area; EU: European Union.
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