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Abstract

:

Candida auris (C. auris) is an opportunistic budding yeast that has been identified across 41 countries, including several countries in the Middle East. The increasing global concern stems from the pathogen’s acquired resistance to antifungal drugs and its ability to form biofilms, which allows it to survive on hospital surfaces and medical devices for up to 14 days, compromising infection prevention measures in hospitals. In this report, we present the first (reported) case of C. auris isolated from a urine sample from a 48-year-old female living in Jordan. The patient succumbed to illness five days following admission to hospital. The isolate was identified retrospectively through the national surveillance system in Jordan and was confirmed by real-time PCR. Antifungal susceptibility was carried out using the microbroth dilution technique and the isolate was found to be susceptible to all tested antifungal drugs. Overall, the report emphasizes the need for active surveillance for the rapid identification of high-risk patients colonized with C. auris. It also stresses the importance of understanding the inter-clade difference in the susceptibility pattern of C. auris to facilitate the development of preventive and therapeutic strategies.
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1. Introduction


Candida auris (C. auris) emerged as an opportunistic budding yeast in 2009 in Japan. However, retrospective studies on a culture collection proved the earlier existence of the strain in the mid-1990s [1,2]. Unlike other fungal pathogens, C. auris has been able to progressively spread over three continents with mortality rates as high as 60% [3]. It is believed that C. auris has a similar ability to colonize the skin and gastrointestinal tract (GIT); however, there is compelling evidence that C. auris preferentially colonizes the skin rather than the GIT, hence its tendency to cause hospital-acquired infections (HAIs) [4]. Additionally, its acquired antifungal resistance compounded by biofilm formation enables the pathogen to persist on hospital surfaces and medical devices for up to 14 days, challenging hospital cleaning protocols and causing infections [3,5].



Multiple strains of C. auris have been identified across 41 countries, including several countries in the Middle East. These strains have been classified based on whole genome sequencing into five clades: South Asian (Clade I), East Asian (Clade II), African (Clade III), South American (Clade IV), and Iranian (Clade V) clades [6]. This growing concern worldwide was recognized by the US Centers for Disease Control and Prevention (CDC), which designated C. auris as an urgent threat [7], and by the WHO’s Global Antimicrobial Resistance Surveillance System (GLASS) that developed the GLASS-FUNGI module for GLASS-focused surveillance to encourage countries “to strengthen or build their national fungal AMR surveillance [8]. Given the intricacies of the identification and antifungal susceptibility testing of C. auris compounded by the inadequacy of national expertise in mycology and the lack of functional surveillance systems, disproportionate reporting among countries is expected [3].



To the best of our knowledge, this is the first case of C. auris reported in Jordan. Reporting of this case was made possible through a large network of hospitals and affiliated laboratories constituting the network of the national surveillance program of hospital-acquired infections (HAIs) and antimicrobial resistance (AMR) in Jordan. The program was established in 2011 as a joint collaboration between the Ministry of Health (MOH) and the US Naval Medical Research Unit EURAFCENT (formerly known as NAMRU-3), with the aim to identify the burden of HAIs in participating hospitals and to institute evidence-based interventions in Jordan.



To date, the program has been implemented across five governorates with the participation of nine hospitals: five MOH hospitals, three hospitals affiliated with the private sector, and one university teaching hospital.




2. External Quality Assessment (EQA) Program at the Central Public Health Laboratory (CPHL) Amman


Each participating hospital is served by a well-equipped laboratory. Hospital laboratories detect pathogens for the sources of four HAIs (bloodstream infection, urinary tract infection, pneumonia, and surgical site infection). Once the pathogen is isolated, identification (ID) and antimicrobial susceptibility testing (AST) are carried out. The colonies of the causative pathogen(s) are preserved as pure colonies in trypticase soya broth (TSB) vials at −20 °C to be later dispatched to the CPHL Amman for confirmation and antifungal susceptibility testing.



The CPHL Amman was officially designated as the national reference laboratory for AMR in 2018 and is currently equipped with a VITEK-2 automated identification system (BioMérieux, Craponne, France) and a PCR unit for genomic analysis.



Laboratory data (ID and AST) generated by each surveillance site laboratory are uploaded onto a secured web-based surveillance database hosted on the MOH server to be correlated with confirmatory data from the CPHL. Following the automated matching process, agreement reports are instantly generated for each laboratory noting erroneous results, if any, and advising on the corrective actions to be taken.




3. Case Presentation


On 17 June 2021 (day one), a 48-year-old female was admitted to the emergency room at the Specialty Hospital (SH) Amman complaining of fever and bilateral knee pain that had lasted for two days. The patient had a history of diabetes mellitus (DM), hypertension (HTN), hypothyroidism, and SARS-CoV-2 infection that required hospitalization in another hospital between 2 and 23 May 2021.



Upon physical examination, the patient was feverish (temperature 39 °C). Multiple purulent pressure ulcers were observed, and a urinary catheter was in place for an unknown duration. The total leucocyte count was 17,600/mm3 with 90% neutrophils, a creatinine level of 0.76 mg/dL, a sodium level of 139 mEq/L, a potassium level of 4.39 mEq/L, and a CRP level of 378 mg/dL. Urine analysis revealed a specific gravity of 1.037, a pH of 5, protein +2, glucose +4, urobilinogen +2, negative ketone nitrate and bilirubin, a WBC count of 60/HPF, an RBC count of 8/HPF, and no casts.



The patient was diagnosed with sepsis, and culture samples were obtained from pressure ulcers, blood, and urine. Empirical antibacterial therapy was initiated immediately after the collection of laboratory samples and consisted of 2 g of IV ceftriaxone once daily, 1 g of IV vancomycin twice daily, and 4.5 g of IV piperacillin–tazobactam every eight hours.



On day two of admission (18 June 2021), the patient complained of dyspnea, and her oxygen saturation level dropped. Pulmonary computed tomography angiography (PCTA) revealed a pulmonary embolism, and the patient was transferred to the intensive care unit (ICU). On day four (20 June 2021), culture and sensitivity results reported the isolation of carbapenem-resistant Klebsiella pneumoniae (KPC) from the urine, pressure ulcers, and blood samples. Candida auris was first identified at the genus level from a urine sample cultured on Sabouraud dextrose agar medium incubated at 37 °C for up to two weeks (count 10,000/HPF). Species identification was possible using the Vitek-2 yeast identification system (version 8.01) (BioMérieux, France). Pure colonies were isolated and preserved onto (TSB) for confirmatory testing at the CPHL.



On day five (21 June 2021) and in concordance with the AST results of KPC, antimicrobial therapy was modified to 4.5 million units of colistin twice daily. However, the patient’s condition rapidly deteriorated, and she succumbed to the disease due to overwhelming sepsis. Therefore, the hospital laboratory discontinued antifungal susceptibility testing.




4. Confirmatory Testing at the CPHL


At the CPHL, retesting of C. auris isolates was carried out in October 2022 using Chromogenic Candida agar (Condalab, Madrid, Spain), blood, and Sabouraud dextrose agar media. Colonies were identified by the Vitek2 yeast identification system (version 8.01) (BioMérieux, France) and further confirmed by real-time PCR. The extraction and PCR settings were used according to the manufacturer’s instructions. DNA was extracted from a single pure colony of C. auris using the YeaStar Genomic DNA kit (ZYMO RESEARCH, Irvine, CA, USA). In brief, 1.5 mL of cells was centrifuged at 500 g for 2 min, and the supernatant was removed completely. Approximately 120 μL of YD Digestion Buffer and 5 μL of R-Zymolyase™1(RNase A + Zymolyase™) were added followed by incubation at 37 °C for 40–60 min. Approximately 120 μL of YD Lysis Buffer2 was added and mixed well by gently vertexing, and centrifuged >10,000 rpm for 2 min. The supernatant was loaded onto the Zymo-Spin™ III Column and centrifuged at >10,000 rpm for 1 min. Approximately 300 μL of DNA Wash Buffer was added and centrifuged for 1 min at ≥10,000 rpm to wash. An additional 300 μL of DNA Wash Buffer was added to repeat the wash and centrifuged for 1 min. The Zymo-Spin™ III Column was transferred to a new 1.5 mL centrifuge tube and 60 μL of water was added. The final concentration of DNA was 3.3 ng/μL. The extraction step was followed by quantitative PCR (qPCR) with the GPS™ CanAur MONODOSE dtec-qPCR Test (Alicante, Spain) using 5 μL of DNA extract. This system employs ready-to-use tubes with dehydrated components for which only the extracted DNA needs to be added before thermocycling (Figure 1). A standard curve dilution series was prepared from the kit’s standard template where a cycle threshold (Ct) value of ≤35 was reported as positive and >35 was reported as negative for the isolates. The fluorescent signal was collected by using the FAM channel for the target, and the HEX channel for the internal control. The cycling conditions of the assay were initiated by 2 min activation at 95 °C followed by 40 cycles of 95 °C for 5 s and 60 °C for 20 s.




5. Antifungal Susceptibility Testing


In vitro antifungal susceptibility testing was carried out in March 2023 using broth microdilution (Figure 2) according to the Clinical and Laboratory Standards Institute (CLSI) (M27-A3 CLSI) [9].



The minimum inhibitory concentrations were 1 µg/mL for amphotericin B, 2 µg/mL for fluconazole, 0.12 µg/mL for itraconazole, 0.12 µg/mL for anidulafungin, 0.06 µg/mL for caspofungin, 0.12 µg/mL for micafungin, 0.015 µg/mL for voriconazole, and 0.03 µg/mL for posaconazole, denoting susceptibility to all tested antifungal drugs. To ensure the reliability and the reproducibility of the technique, the microbroth dilution test was repeated and the same results were obtained.




6. Discussion


Candid auris is inarguably one of the most urgent threats that humankind is currently facing owing to its unconventional character of multidrug resistance [10]. Although it was first identified from the external canal of a Japanese patient in 2019, the literature has reported its involvement in a vast array of deep-seated infections, including UTIs, with high mortalities and co-morbidities [11].



Herein, we report the first case of C. auris identified in Jordan through the national HAI and AMR surveillance program in Jordan. This adds Jordan to the eight other countries in the Middle East Region that have reported C. auris cases (Oman, Kuwait, Saudi Arabia, the United Arab Emirates, Iran, Sudan, Lebanon and Qatar) [6,12,13,14].



The patient in this case had a history of risk factors including diabetes mellitus, hypertension, and hypothyroidism. Furthermore, her previous hospitalization for COVID-19 increased the risk of acquiring C. auris. Her weakened immune status and the intake of steroids and at least one antibiotic (notably azithromycin) created the perfect environment for increasing the colonization of Candida species including C. auris [15,16]. Furthermore, several studies have shown that the association of SARS-CoV-2 infection with C. auris is attributed to the persistence of C. auris on hospital surfaces, biofilm formation, and its resistance to disinfectants [17]. ICU admission has contributed notably to acquiring infections with C. auris. The use of invasive devices including urinary catheters and prolonged hospital stays in addition to compromising infection control measures due to the overcrowding of hospitals have augmented the risks for the colonization of C. auris [6,18].



Similar to other Candida species, the isolation of C. auris from the urinary tract is not solid proof of a UTI. In fact, it may indicate colonization rather than infection, particularly since the distinction between colonization and infection has not yet been agreed upon and is reliant on the clinical decision of the physician at each facility [19]. Once identified and following CDC guidelines, isolation is recommended, and decolonization using a suitable disinfectant like chlorhexidine or others is the recommended practice to prevent horizontal transmission among patients [20].



Reliable identification of C. auris is considered a real challenge for laboratories mostly because C. auris is misidentified as Candida haemulonii by common commercial systems such as the VITEK-2, BD Phoenix, and the API-20 [21]. However, the reliability of C. auris detection by the Vitek-2 yeast identification system (version 8.01) was reported by Ambaraghassi et al., 2019 [22], and this finding was also consistent with the CDC’s algorithm which stated that “no further testing is needed if a C. auris identification is obtained by the Vitek 2 8.01 system” [23]. Currently, MALDI-TOF-MS (Bruker Inc., MA, USA) is the most reliable method for the identification of C. auris [21], which is unfortunately not feasible in our surveillance system. Nevertheless, confirmatory testing by real-time PCR was carried out at the CPHL. The isolate demonstrated a Cycle threshold (Ct) value of 35. A similar result was obtained by Martínez-Murcia et al., 2018, who detected one C. auris isolate (Ct = 40) with the same PCR kit. This high Ct value was explained as a “weak concentration of extracted DNA resulting in a weak signal” [24].



The availability of sophisticated techniques such as MALDI-TOF MS and molecular techniques is still limited to well-resourced laboratories. Many laboratories in developing countries rely on conventional methods for fungal identification and reporting. Therefore, identification many times stops at the genus level without reaching the species level [25]. To further complicate the situation, the breakpoints for antifungal susceptibility are not clearly defined by the CLSI or European committee on antimicrobial susceptibility testing (EUCAST). Nevertheless, the CDC and food and drug administration (FDA) have proposed guidance for interpretation most laboratorians rely on when it comes to reporting to clinicians [26]. Therefore, reference laboratories play a key role in providing not only confirmatory testing but also up-to-date guidance on antifungal susceptibility protocols that should be followed by laboratories.



In the present case and in accordance with CDC breakpoints, the isolate was surprisingly sensitive to common antifungal drugs used in the battery for assessing the sensitivity of C. auris, including azoles, which are known to be inactive against strains of C. auris in 90% of cases. This uncommon pattern of susceptibility has also been reported in India [27], Iran [28], and Colombia [29], where low minimum inhibitory concentrations (MICs) against fluconazole and other antifungal drugs have been reported. Notably, the diversity observed in the patterns of antifungal susceptibility in different countries suggests “localized resistance development” [28].



To date, there is no consensus on treatment protocols. Echinocandin and liposomal amphotericin B are recommended as first-line agents for patients with UTIs. Combination therapies such as flucytosine and amphotericin B bladder irrigations are considered potential alternatives in the case of the recurrence or persistence of infection [3].



Crude mortality in C. auris-associated infections has been reported to vary from 33.33% to 100% worldwide [10]. However, the cause of death in our case was probably not due to C. auris infection because of a concomitant bloodstream infection with carbapenem-resistant K. pneumoniae (KPC). Unfortunately, the patient passed away before colistin could be administered as recommended by her physician and before receiving the antifungal susceptibility results from the CPHL.




7. Limitations


We were not able to obtain the patient’s medical records from her previous hospitalization to glean information about her previous diagnosis, laboratory results, and the treatment protocol she received.



Considering that this isolate was confirmed a year later, in addition to the unknown history of her previous hospitalization, it was almost impossible to identify the possible source of colonization. Further environmental studies are recommended to identify the prevalence of C. auris in hospitals in Jordan and guide prevention efforts.



Additionally, it should be noted that clade information for the C. auris isolate was not provided in this study as this requires the use of whole-genome sequencing and phylogenetic analysis, which are not currently part of the standard methodology for the surveillance of HAI and AMR in Jordan. However, there are plans in place to enhance the next-generation sequencing capacities at the CPHL in Jordan to conduct whole genome sequencing for all surveillance isolates of public health importance including this isolate.




8. Conclusions


The findings of this report indicate the potential threat of C. auris in Jordan. This case was reported through the national surveillance network and confirmed by the national reference laboratory.



We highlight the fact that the inaccurate diagnosis and misidentification of C. auris in laboratories are probably reasons for underreporting, in addition to a lack of awareness of the threat posed by C. auris in hospitals.



It is of the utmost importance to ensure that functional surveillance systems are in place to identify and report emerging pathogens and alert public health hospitals to halt their spread and contain any potential outbreaks.



The susceptibility pattern of C. auris isolated in this case represents an uncommon pattern, and more strains need to be tested and aligned with previously identified clades through genome sequencing to better understand the characteristics of C. auris strains in Jordan. Moreover, studies with larger sample sizes can help guide treatment protocols and infection control and prevention measures.
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Figure 1. Amplification curve of Candida auris using real-time PCR. (A) IC (internal control) and PC (positive control) amplification curves showing the threshold cycle (Ct) of 30.8 and 30.1, respectively. (B) EC (extraction positive control) using the ATCC strain showing the threshold cycle (Ct) of 17.8. (C): T (test sample) amplification curve showing the threshold cycle (Ct) of 35. 
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Figure 2. Broth microdilution (BMD) of Candida auris demonstrating the susceptibility of the isolated strain to all tested antifungal drugs as indicated by minimum inhibitory concentration (MIC) levels of antifungal drugs (red wells). (AMPHOT: Amphotericin B), (FLUCON: Fluconazole), (ITRACON: Itraconazole), ANIDUL: anidulafungin), (CASPO: Caspofungin), (MICAFU: Micafungin), (VORICO: Voriconazole), and (POSACO: Posaconazole). POS: positive control. 
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