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Abstract

The use of wastewater-based surveillance (WBS) for detecting pathogens within communities has 

been growing since the beginning of the COVID-19 pandemic with early efforts investigating 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) RNA in wastewater. Recent 

efforts have shed light on the utilization of WBS for alternative targets, such as fungal pathogens, 

like Candida auris, in efforts to expand the technology to assess non-viral targets. The objective of 

this study was to extend workflows developed for SARS-CoV-2 quantification to evaluate whether 

C. auris can be recovered from wastewater, inclusive of effluent from a wastewater treatment 

plant (WWTP) and from a hospital with known numbers of patients colonized with C. auris. 

Measurements of C. auris in wastewater focused on culture-based methods and quantitative PCR 

(qPCR). Results showed that C. auris can be cultured from wastewater and that levels detected 

by qPCR were higher in the hospital wastewater compared to the wastewater from the WWTP, 

suggesting either dilution or degradation of this pathogenic yeast at downstream collection points. 

The results from this study illustrate that WBS can extend beyond SARS-CoV-2 monitoring 

to evaluate additional non-viral pathogenic targets and demonstrates that C. auris isolated from 

wastewater is competent to replicate in vitro using fungal-specific culture media.

Graphical Abstract

Keywords

Candida ; C. auris ; SARS-CoV-2; Wastewater; Wastewater-Based Surveillance; WBS

Babler et al. Page 2

Sci Total Environ. Author manuscript; available in PMC 2024 November 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1.0 Introduction

There is a paucity of fungal diseases among mammals compared to plants, amphibians, 

and insects.1 This resistance has been proposed to be the result of high temperatures which 

create a thermal restriction zone among humans. Most fungi do not grow well at high 

temperatures (>37°C) and prefer ambient conditions; however, Candida auris has been also 

observed to grow well at 42°C (108°F).2 Furthermore, C. auris’s capacity to survive in 

the clinical environment is a sign of how well adapted it is to living conditions outside 

of a host, including its resistance to various anti-fungal agents.3 For instance, C. auris has 

been recovered from salt marsh wetlands and sandy beaches of the Andaman Islands in 

the Indian Ocean,4, 5 and estuaries in northwest Colombia.6 In fact, C. auris can survive in 

environments several times saltier than the ocean.2

The capacity of C. auris for thermotolerance and halotolerance is ideal to persistently 

colonize patients’ skin, especially in areas such as the axilla and groin.2 This attribute 

coupled with the ability to survive on abiotic surfaces for prolonged periods7 has caused 

multiple nosocomial outbreaks in all the populated continents around the globe and caused 

the Centers for Disease Control and Prevention (CDC) to label it as an urgent threat.8,9 

Moreover, transmission events were exacerbated by the COVID-19 pandemic as resources 

were diverted from C. auris surveillance to pandemic response. These changes in the US 

led to a 60% increase of C. auris clinical cases between 2019 to 2020 cases, according 

to the CDC.10 For example, C. auris outbreaks have been reported in COVID-19 units 

around the world,11, 12 including a Florida acute-care hospital that identified 35 patients 

(52%) to be colonized with C. auris. Furthermore, colonization can lead to invasive 

infections. For example, one study showed that out of 157 C. auris-colonized patients in 

an intensive care unit, 27 (17%) patients developed C. auris candidemia, and of these, seven 

developed a recurrent episode.13 Invasive infections can also be difficult to treat since C. 
auris is a multidrug-resistant organism which can be resistant to all classes of antifungals. 

Clusters of pan-resistance cases have been detected in Texas, District of Columbia, and 

New York.14 Risk factors for invasive infections and colonization include patients with 

indwelling medical devices, such as a tracheostomy and gastrotomy tubes, those who reside 

in ventilator-capable skilled nursing facilities and long-term acute care hospitals, and prior 

antimicrobial treatment.15

This increase in cases is not isolated in the US and is occurring globally. In the European 

Union, cases doubled between 2020 and 2021 and 11 new countries reported cases of C. 
auris.11 These events highlight how detection of C. auris is a necessary step to contain its 

rapid spread. Furthermore, data from the UK shows that early detection in combination 

with infection control and prevention measures, and screening can halt transmission of C. 
auris.11 Surveillance of C. auris is still a challenge in the United States.16 Some challenges 

include the lack of on-site testing and prolonged turnaround time when using public health 

laboratories. Consequently, C. auris has spread to 28 states in the US17 and it is likely 

existing in additional states that have not yet detected it. Furthermore, there is no global 

strategy for detection in developing nations as most laboratories use systems that misidentify 

C. auris such as Vitek 2 and API 20C.18 In 2018, nine years after C. auris was first detected, 

seven EU nations reported a lack of capacity to identify it.19 A follow-up survey in 2021 
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showed that four EU countries lacked national-level data for C. auris which raises the 

possibility of undetected transmission.11

The lack of global detection capacity can therefore lead to silent amplification of 

the organism and cause transmission, especially among patients in long-term acute 

care hospitals and ventilator-capable skilled nursing facilities. The paucity of detection 

capabilities do call for additional methods of surveillance.16, 18–20

Wastewater-based surveillance (WBS) can serve as a new powerful method of surveillance 

by enhancing C. auris detection for healthcare facilities by offering early warnings and 

real-time monitoring of transmission events, similarly to its use for detecting severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2).21–24 It is recognized that C. auris is a 

very different microbe than SARS-CoV-2 (in terms of their phenotypic and morphological 

differences, different modes of infection, DNA detection as opposed to RNA detection, 

different modes of shedding, different shedding rates, and persistence in the environment). 

However, we do propose that WBS is a unifying approach as a means of detecting illnesses 

among a sewershed community, even for these different categories of microbes. WBS has 

unifying advantages in that it is not biased by individual human access to testing and 

willingness to report results.

WBS is also a cost-effective method to detect biomarkers (regardless of microbe type) 

during the early stages of colonization, even prior to symptoms of disease.25 Currently, 

the alternative is delayed by several days until a clinical culture is finalized. One study 

by Mataraci-Kara et al. (2020)26 examined the susceptibility patterns of various Candida 
species isolated from hospital wastewater and were able to determine that antifungal drug 

resistance did exist within wastewater and provided recommendations for future wastewater 

management.26 Comparatively, another study by Sabino et al. 201027 further confirmed the 

incidence of Candida species within an oncology hospital in Portugal illustrating clinical 

outcomes, antifungal susceptibility, and mortality occurrence in patients. To our knowledge, 

only two studies have recently been published bringing to light C. auris detection with 

WBS approaches performed by Barber et al. and Rossi et al..28, 29 Both studies, performed 

in Nevada, US, provided proof of concept that C. auris was detectable in wastewater 

with quantitative PCR (qPCR) assays, and that detections were higher in locations that 

service healthcare facilities following outbreaks in the hospital. Moreover, Rossi et al. 

further investigated the possibility of culturing C. auris from wastewater as there is reported 

evidence of culture-based recovery from marine waters.4, 29 The results from these prior 

studies provided grounds for additional experimentation within this study as C. auris 
detected in Nevada was measured from a different geographical and climatic setting than 

Miami, FL.

At the University of Miami (UM), the long-standing COVID-19 focused WBS program 

has been rapidly expanding to detect alternative targets within wastewater.30 C. auris has 

been of particular interest at the University hospital, as patients colonized by C. auris have 

represented a significant challenge for clinical management and safe discharge from the 

hospital. That is, it has been the case for the past 18–24 months that C. auris patients who 

had been admitted from skilled nursing facilities were successfully treated for the other 
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maladies that led to their hospitalization, but then could not be discharged because the 

nursing facility would not accept C. auris patients. It was surmised that for an indeterminate 

number of these cases, the C. auris infection initially occurred at the external facility, i.e., 

before hospital admission. In either case, the presence of the multidrug-resistant fungus led 

to otherwise unnecessary and lengthy hospital stays.3

Understanding the levels of C. auris in the general community and within hospital settings 

can help healthcare providers to minimize spread. We hypothesize that prevalence of C. auris 
can be estimated from wastewater measurements, further investigating the results of previous 

studies.28, 29 We suspect that C. auris from infected or colonized patients within an acute 

care facility would ultimately be found in the sewage system, from either patient bathing 

or disposal of bodily waste and could be detectable with molecular assays and culturing. 

The intention of the current study is to build upon the efforts of Barber et al. and Rossi et 

al.. 28, 29 These prior studies focused on measurements at the wastewater treatment plant. 

We expand on these measurements by collecting wastewater samples from hospital specific 

sampling sites (manhole or clean out from the hospital building) and we also compared the 

wastewater results to available epidemiologic data at the hospital scale. This is the first time 

such comparisons are available due to the availability of hospital in-patient data.

2.0 Materials and Methods

2.1 Sample Collection and Study Design

Wastewater samples, collected as grab samples from the University’s Hospital called 

UHealth Tower have been routinely collected weekly since September 2020 to measure 

the levels of SARS-CoV-2 RNA31 for the purpose of relating the number of clinical 

COVID-19 cases in the hospital against levels of RNA measured in wastewater. The two 

UHealth Tower hospital sampling sites included WM06 corresponding to a sewer lateral 

cleanout from the hospital building and another site, WM08, consisting of flow from 

a specific pipe within a manhole that transported only hospital wastewater. In addition, 

wastewater as 24-hour composites from the regional wastewater treatment plant (Central 

District Wastewater Treatment Plant (CDWWTP), sampling site WC0Dc, was also collected 

on the same weekly sampling schedule, as this treatment plant (located on the Virginia Key, 

FL) is the downstream processing plant for the University’s hospital. Two-liter samples were 

collected in the field. One liter of this sample was split and poured into a sterile HDPE 

bottle containing 0.1 g sodium thiosulfate (to reduce the chlorine residual), and immediately 

transported on ice packs to the Biospecimen Shared Resource Laboratory (BSSR) on the 

University’s Miller School of Medicine campus. Upon receipt at the laboratory, this 1-L 

sample was immediately split into two, 500 mL aliquots and set aside for the separate 

processing of C. auris and SARS-CoV-2.

Basic ambient (air temperature and humidity using NavClock app) and water quality 

parameters (pH, water temperature, salinity, specific conductivity turbidity, dissolved 

oxygen using a pre-calibrated Sonde, Xylem/YSI ProDSS) were measured in the field. 

These basic water quality parameters were measured in the second 1 L split of a 2 L sample 

retrieved from the sampling site. Summary statistics for these measurements are available in 

the supplemental text (Table S-1).
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2.2 Concentration and Molecular Assessment for C. auris

The first 500 mL aliquot of wastewater analyzed for C. auris underwent sample processing 

optimized for DNA extraction. The sample was filtered with vacuum filtration (VF) using 

GN-6 Metricel membranes (Pall Corp. #66278, 47 mm diameter, 0.45 μm pore size) to 

clogging and the volume of the sample filtered was recorded. Following filtration, the filter 

was placed within a sterile petri dish and sliced in half with a disposable scalpel; one-half 

of the membrane was placed within a Zymo Research ZR BashingBead Lysis Tube (0.1 & 

0.5 mm) (Cat#S6012–50) and topped with 1 mL of 1X DNA/RNA shield for immediate 

assessment, the other placed within a 5 mL conical tube in 1 mL of 1X DNA/RNA shield 

and stored at −80 °C.30 The filter was split in half due to the physical space limitations of 

the lysis tube and C. auris computations took into account filter splitting. All wastewater 

concentrate samples were kept at 4 °C until transported to the Center for AIDS Research 

(CFAR) for downstream nucleic acid extraction and follow up molecular analysis.

Nucleic acid extraction for C. auris included a bead-bashing step using an OMNI Bead-

Ruptor 12 instrument. The half GN-6 filter membrane placed within the Zymo ZR 

BashingBead Lysis Tube was processed using the following bead-bashing protocol: 1 

min. bashing, 5 min rest (x3 cycles, 18 minutes total). The initial centrifugation step 

(10,000 x g) following bead-bashing was increased by 2,000 x g from the manufacturer’s 

recommended protocol to improve the pelleting of ruptured membrane particles. A volume 

of 400 μL was used to purify DNA from samples according to the manufacturer’s protocol 

(ZymoBIOMICS DNA Miniprep Kit, Cat. # D4300). DNA in eluates were enumerated by 

qPCR assay which utilized previously published primers and reporter probe32 and a TaqMan 

Fast Universal PCR Master Mix (ThermoFisher Sci. Cat# 4352042) for quantification of the 

C. auris signal from wastewater. For validating the qPCR assays specificity for C. auris, a 

positive control was provided by the UM Hospital Pathology laboratory.

Additionally, two isolates derived from wastewater samples that tested qPCR-positive for 

C. auris were further evaluated by DNA sequencing. An amplicon larger than the qPCR 

amplicon was generated for sequencing and the resulting sequences were aligned to a 

partial sequence of ITS1 and the 28S rRNA gene and complete sequence of the 5.8S rRNA 

gene and ITS2 previously submitted to the National Center for Biotechnology Information 

(NCBI).

2.3 Concentration and Molecular Assessment for SARS-CoV-2

The second 500 mL aliquot of wastewater analyzed for SARS-CoV-2 was spiked with beta 

coronavirus-OC43 (500,000 viral particles per 500 mL) as the corresponding viral recovery 

control. Prior to utilizing OC43 as a control for measuring recovery efficiencies, several 

wastewater samples collected at different sites at different timepoints were evaluated for 

the presence of OC43 virion RNA. All of the samples were below detection limits for 

OC43 RNA by qPCR, providing confidence that the wastewater samples contain negligible 

amounts of background OC43 particles. From the analysis of OC43, recoveries were 

consistently near 22%. Results presented were not adjusted for recovery.
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Upon spiking with OC43, the samples were subjected to electronegative (EN) filtration 

following the addition of magnesium chloride to a concentration of 50 mM. Hydrochloric 

acid (10%, Spectrum Chemical MFG Corp) was also added to this aliquot until the pH 

of the sample reached between 3.5 and 4.5. The purpose of these treatment reagents was 

to improve the binding affinity of viral particles to the negatively charged EN membranes 

(Millipore HAWP4700, 47 mm diameter, 0.45 μm pore size) by altering the chemical charge 

of ambient viral particles to positive allowing for binding of the viruses to the filter by 

charge, in addition to the capture of viruses associated with suspended particles larger than 

the filter pore size. Upon acidification of the wastewater, samples were filtered through the 

EN membranes to clogging and the volume was recorded. The EN membranes were folded 

in on themselves four times and immediately placed within 1.5 mL of 1X DNA/RNA shield 

(Zymo Research)24, 31, 33. For consistency, generated wastewater concentrate samples were 

also kept at 4°C until transport to the Center for AIDS Research (CFAR) for downstream 

nucleic acid extraction and follow up molecular analysis.

The RNA isolation process of wastewater concentrates at the CFAR laboratory utilized 

a modified protocol34 and the commercially available Quick-RNA™ Viral Kit (Zymo 

Research). The RNA extraction process of wastewater concentrates was optimized in 2020 

at UM and performed for this study. In brief, the modifications of the manufacturer’s 

protocol included increases from 500 to 660 microliters of wash buffer volumes and 100% 

ethanol during the RNA extraction process, and a reduction in the volume of nuclease-free 

water to 10 μL used to elute the RNA from the column; such modifications were made to 

reduce the amount of PCR inhibitors passing through the column. RNA in the eluates were 

enumerated using Volcano 2nd Generation qPCR (V2G-qPCR)24, 31, 33, 34 for the N3 gene33 

of SARS-CoV-2. Inhibition was evaluated by adding a known amount of HIV-1 viral RNA 

to the 10 μL of RNA. The Cq values from the samples were compared to the same HIV-1 

spike into 10 μL of nuclease free water to measure the degree of inhibition. Very little to 

no inhibition was observed when comparing HIV-1 RNA target Cq values of samples to the 

water control.

2.4. Culturing C. auris from Wastewater

Alongside the filtration of wastewater samples, culturing methods had to be experimentally 

determined as there was limited research describing the culturing of C. auris from 

wastewater as of the summer of 2022. The positive control provided by the pathology 

laboratory was cultured on CHROMAgar to determine the phenotypic expression of C. 
auris on the media based upon color, which can be viewed within the supplemental text 

(Figure S-1). Previous work associated with the culturing of fecal coliform bacteria24, 31 

was the basis of the approach for experimentally determining the conditions for growing C. 
auris. Initially, three conditions were experimentally tested by filtering known amounts of 

raw wastewater through disposable Supor membrane cups (0.45 μm pore size, Pall Corp.) 

according to standard methods for fecal coliform analysis (APHA D9222D, 200–). Dilutions 

used were 20 mL, 10 mL and 1 mL, supplemented with sterile PBS to a total volume of 

25–30 mL to facilitate the distribution of particles across the membrane. Once all liquid 

had been passed through the Supor membranes, the filters were removed and immediately 

placed upon CHROMAgar media plates.17 Subsequent samples processed used only the 
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1 mL dilution of raw wastewater given the overgrowth of Candida spp. colonies on the 

CHROMAgar media.

All plates were incubated at 42 °C for 48-hours. At the end of the incubation period, plates 

were wrapped with Parafilm and transported to the CFAR laboratory on ice for further 

analysis. Upon their arrival at CFAR, individual colonies, depending on phenotypic color 

were re-streaked onto new CHROMAgar plates and sub-cultured for determining specificity 

of growth for Candida spp. Sub-cultured colonies were incubated at 37°C for another 

48-hours. Images of the initial, and re-streaked colonies can be viewed in the Supplemental 

information (Figures S-5 to S-7). The re-cultured Candida spp. were then analyzed by qPCR 

as described above to confirm which color shades corresponded to C. auris.

2.5. Data Analysis and Acquisition

Clinical case data for C. auris and COVID-19 infected patients at the University’s hospital 

was acquired from the electronic health record for the date range January 1st, 2020 – January 

8th, 2023 (UM IRB# 20210164). Admitted patients positive for C. auris were available on 

a daily basis (e.g., patient census). Wastewater qPCR results for C. auris were measured 

and quantified on a weekly frequency of collection from May 18, 2022 – September 21, 

2022, wherein SARS-CoV-2 qPCR results correspond to weekly collections from September 

30, 2020 – November 18, 2022. Weekly collections for time periods that overlap were 

splits from the same samples (one for C. auris and another for SARS-CoV-2 processing). 

Correlation assessments to determine the relationship between clinical cases and qPCR data, 

both Pearson (R) and Spearman (r), were performed with this data set and corresponded 

to the time frame for which data were available. Moreover, paired T-tests were utilized to 

assess the difference between the qPCR mean values of the wastewater collection sites. 

The statistical software package SPSS v28.0.0.0 was utilized for all analyses. Figures were 

created using Microsoft Excel.

3.0 Results and Discussion

Of the 19 WM06 samples analyzed for C. auris by qPCR from the hospital, 9 were positive, 

whereas only 3 (of 19) were positive from the CDWWTP site WC0Dc. Only one sample 

(of 19) was positive for both locations. The average levels of the C. auris positive samples 

collected from the hospital measured at 1.3 × 105 gc/L, which was one order of magnitude 

higher than that measured at the CDWWTP (1.9 × 104 gc/L). These differences, however, 

were not statistically significant via paired T-test (p=0.12) and can be viewed within Table 

S-2 within the supplemental information. These results suggest either dilution or degradation 

of the target by the time it reached the downstream collection location.

Culturing C. auris from wastewater to assess viability showed overgrowth of Candida 
colonies from the 20 mL and 10 mL conditions described above (Methods 2.3), the 1 

mL condition was utilized and replicated. Within the supplemental text (Figure S-2 – S-7), 

images of colony growth on CHROMAgar media provide that multiple species of Candida 
grow in wastewater, and a very small fraction of those growths were ultimately C. auris 
(Figure 3). To determine the effective phenotypic classification of the CHROMAgar media, 

individual colonies of differing colors (i.e., white, navy, pink, purple) were re-streaked and 
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incubated for another 48 hours to sub-culture larger quantities of CFU’s (colony forming 

units). The sub-cultures that underwent a second incubation time underwent the same DNA 

extraction method utilized for the qPCR analysis of the wastewater samples, including 

bead-bashing, and were assessed by the qPCR assay targeting C. auris. The percentage of 

Candida auris positive colonies was low relative to the negatives. Initially, identification 

of positives was based on the CHROMAgar manufacturer’s guide to evaluate teal-colored 

colonies. Since these were qPCR negative, two of each colored colony per primary plate 

were re-streaked to provide nucleic acids for confirmatory qPCR tests. Of these, colonies 

that appeared as a teal bullseye with a white halo were confirmed to be C. auris while all 

other colonies were qPCR negative. A representative example is provided in Figure 3 in 

which two of 90 (2.2%) total colonies were positive by qPCR for C. auris.

A larger amplicon from the same target region was generated from two samples to further 

confirm by sequencing that the teal, haloed colonies were C. auris. Sequence alignment 

using ClustalW resulted in a 100% match between the samples and a confirmed C. auris 
sequence file deposited in GenBank at the NCBI (Table 1). Further experimentation to better 

define the relative abundance of C. auris to other Candida species within wastewater is 

needed to develop a more comprehensive understanding of the significance of detecting C. 
auris in wastewater. Expansion of sampling sites and temporal monitoring of C. auris levels 

may provide an improved knowledge base from which additional conclusions can be drawn. 

Additional methodology still needs to be assessed to define the Candida population found 

in wastewater and whether species other than C. auris, which may be more abundant, are 

of medical concern. Furthermore, the length of time C. auris remains viable in wastewater 

was not addressed in this study, so further research should be conducted to establish its 

persistence.

Overall, results show that we were able to expand workflows designed to evaluate SARS-

CoV-2 to include C. auris. In this study we found that viable C. auris was detectable in 

wastewater from wastewater treatment plants using WBS approaches, which agrees with 

recently published literature.28, 29 Moreover, we have further documented that C. auris 
can be cultured from hospital wastewater, as suggested by Barber et al. and Rossi et 

al. from comparisons between wastewater collected at treatment plants with and without 

hospitals within their sewersheds.28, 29 Further research should be performed to assess 

whether differences in detected C. auris vary between geographical location and/or climate 

conditions due to the nature of C. auris’ thermo- and halotolerance as the current study’s 

data is captured from a different set of environmental conditions than those previously 

published.

Our study further expands upon prior work by the inclusion of clinical C. auris patient 

data. The total number of colonized cases with C. auris in the hospital building during 

the targeted C. auris wastewater analysis period varied between 17 and 30 cases (Figure 

1). Cases included patients positive by skin swab (using an axilla/groin composite swab as 

recommended by the CDC) plus an additional eight patients who also presented with C. 
auris in either urine, sputum, or blood samples (Table 2). qPCR detection of C. auris from 

the hospital wastewater during this time period varied, with qPCR results reporting as below 

detection limits (BDL) during most sampling weeks in spite of having patients admitted with 
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known colonization. In two portions of the sampling period (June 1st, 2022, through June 

8th, 2022, as well as July 27th, 2022, through August 17th, 2022), there was an increase 

in reported clinical cases of C. auris among those admitted to the hospital that somewhat 

followed the trend in wastewater detection. However, qPCR positives were only reported on 

9 of the 19 weeks in which wastewater samples were assessed for C. auris.

The SARS-CoV-2 RNA target in wastewater was also analyzed by qPCR for these same 

samples, and daily cases of COVID-19 were compiled from the hospital. A time series 

plot (Figure 2) illustrates the abundance of C. auris DNA and SARS-CoV-2 RNA from 

collected wastewater measured in genomic copies per liter (gc/L) as well as the trend 

in cases for both pathogens in the hospital. Although it is recognized that C. auris and 

SARS-CoV-2 are markedly different microbes, we believe that within a hospital setting 

there may be factors that may interlink transmission. For example, both C. auris and 

SARS-CoV-2 emerged simultaneously in our University hospital setting.35 There have 

been a number of outbreaks of C. auris reported in COVID-19 wards worldwide (and 

fungal pathogens overall).11, 12, 35, 36 While the exact biological mechanisms warrant 

further investigation (e.g., antibiotic over-use in COVID-19 disease driving microbiome 

changes, PPE misuse driving C. auris transmission events in COVID-19 wards, or in vivo 

biological interactions between the two organisms driving C. auris microbiome expansion), 

we believed it reasonable to correlate the two pathogens in wastewater given the expansion 

of both of these organisms during the pandemic time period.

While it has been established that SARS-CoV-2 reported in a clinical setting mirrors 

the detectable concentration in wastewater, with variations of lag time22, 37, we found 

minimal and weak correlations between C. auris positive patients, by daily census, and 

corresponding wastewater concentrations. As wastewater was collected from a hospital 

collection site as well as the downstream WWTP, Pearson and Spearman correlations were 

performed between each sampling site and the daily census data to determine if a correlation 

existed similar to that of SARS-CoV-2 with WBS data22–24. Between sampling sites which 

compared the WWTP (WC0Dc) and hospital (WM06) there were insignificant correlations 

by both tests, [R = −0.068 (p = 0.781), and r = −0.054 (p = 0.827)], wherein the C. auris 
qPCR signal from either location had little to no relationship. Similarly, when comparing 

wastewater (either WC0Dc or WM06) against the daily census clinical data, results also 

showed insignificant correlations by Pearson and Spearman (p>0.69) (Table S-2).

These results illustrate that although C. auris may be detectable via wastewater, further 

research must be done regarding the utility of WBS approaches for correlating the 

abundance as a tool for clinical surveillance. The results generated by this study give 

evidence that Candida’s clinical abundance must be rather high to be detected in large 

quantities from wastewater, for accurate correlations to be determined. Future work should 

focus on increasing the sensitivity of C. auris detection in wastewater by considering large 

volume concentration methods38 and methods to amplify the C. auris signal upon culture by 

minimizing the growth of other Candida species. Reduction of interfering Candida species 

will permit for the filtration of larger volumes while isolating pure C. auris cultures.
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4.0 Conclusions

The documentation of C. auris among communities is important because it can colonize 

patients and cause invasive infections, expresses resistance to antifungal agents when 

infection occurs, and it is difficult to detect and identify. The paucity of equipment to 

detect C. auris throughout the world is the main reason other methods of detection should 

be explored, such as wastewater. In this study workflows developed for SARS-CoV-2 virus 

quantification were extended to evaluate C. auris fungi levels in wastewater. Results show 

that C. auris could be detected using molecular methods and that C. auris remains viable in 

wastewater as it could be recovered using culture-based methods.

This is the first study to our knowledge that evaluates wastewater levels of C. auris from a 

single acute care facility with documented numbers of patients colonized or infected with C. 
auris. Additionally, this is the first time that wastewater levels at an acute care facility were 

compared to levels measured at the downstream WWTP. Though there were two periods 

during the sampling time frame in which there was a general trend between wastewater 

positivity and clinical infections with C. auris, there were no clear correlations with the total 

number of patients colonized. Similar results were observed for the SARS-CoV-2 hospital 

wastewater samples which also showed weak to negligible correlations with COVID-19 

patients. The lack of correlation between C. auris patient census and wastewater levels 

can be due to variations in hospital practice with use of trash versus wastewater disposal 

and differing bioburdens of colonization in gut/skin of patients compared to SARS-CoV-2, 

although, there are data to hint at biologic mechanisms of gut microbiome expansion of 

fungal pathogens, such as C. auris, during a SARS-CoV-2 infection when compared with 

controls.39 The sporadic nature of the C. auris results in wastewater may also be associated 

with the fact that it is predominantly a skin pathogen. Within the UHealth hospital, there 

is no in-hospital laundry facility, so one of the plausible ways for this skin pathogen to 

enter the sewer system (via clothes washing) is not represented in this study. Thus, its 

inclusion in wastewater would be more sporadic and associated with inclusion of hand 

washing and bathing water from positive patients. Regardless of this more complex route 

of entering the wastewater, C. auris was still observed showing promise for its detection by 

WBS approaches. More research is needed to evaluate the mechanisms of C. auris entry 

into wastewater. Once in wastewater, the persistence of the DNA and culture-based signals 

should be explored further.

As we move forward from the COVID-19 pandemic, studies such as this aid in the narrative 

of using WBS for evaluating alternative pathogens of importance. Given C. auris’ impact – 

including cost – on hospital patient length of stay, further analysis should further evaluate its 

infectivity or transmission within a community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• C. auris isolated from wastewater (WW) using culture and PCR methods

• First time comparisons made between hospital inpatient cases and wastewater

• C. auris levels in WW were sporadic relative to number of hospital inpatients

• C. auris levels were higher in hospital WW relative to community WW

• C. auris shows promise for its detection through WW
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Figure 1: 
Time series plot of (left axis) daily clinical C. auris data for patients in the hospital as 

determined by skin swab (shown by blue circles) versus times when patients (n=1 for each 

vertical line) also tested positive in either urine, sputum or blood samples, and plot (right 

axis) for C. auris (gc/L) concentrations in wastewater samples.
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Figure 2: 
Time series plot of daily clinical data for C. auris and COVID-19 positive cases recorded 

in the University Hospital and quantified wastewater signal of C. auris and SARS-CoV-2 

(gc/L), collected weekly. Gaps in wastewater data provide that no hospital sample was 

collected on that given date.
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Figure 3: 
Colonies of Candida spp. on CHROMAgar from 1 mL of wastewater collected on 

September 7, 2022, re-filtered after two weeks of hold time at 4 °C, and incubated at 37 

°C for 48-hours. The left panel corresponds to the unaltered image. The middle and right 

panels show magnifications of light blue colonies that were positive for C. auris by qPCR.
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Table 1:

PCR primers and reporter probe used to specifically detect Candida auris. Reagents target the genomic region 

spanning the internal transcribed spacer 1, 28S rRNA, 5.8S rRNA and internal transcribed spacer 2.

Assay Primers/Probe Sequences

qPCR Standards Forward GGATCTCTTGGTTCTCGCA

Reverse GTAGGTGAACCTGCGGAAG

qPCR Forward CGTGATGTCTTCTCACCAATCT

Reverse TACCTGATTTGAGGCGACAAC

Probe 5HEX-TTTGTGAAT/ZEN/GCAACGCCACCGC-3IABkFQ

Sequencing Forward TTTGCATACACACTGATTTGGA

Reverse TACCTGATTTGAGGCGACAAC
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Table 2:

Summary of average daily admitted patient census data based upon screening skin swab measurements and 

organism isolation from urine, sputum, and blood per date range, and sample type. Text in bold at the bottom 

of the table represent cumulative values for the entire period of record.

Date Range Average Daily Admitted Patient Census with Positive Skin Swab for C. auris of 
Specified Date Range

Number Detected In

Urine Sputum Blood

5/18/20–2 – 5/31/2022 19 0 0 0

6/1/20–2 – 6/30/2022 24 1 0 2

7/1/20–2 – 7/31/2022 23 1 1 1

8/1/20–2 – 8/31/2022 27 0 0 2

9/1/20–2 – 9/21/2022 25 0 0 0

5/18/20–2 – 9/21/2022 24 2 1 5
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