
 

 

 

 

 

Candida auris prevalence, risk factors and outcomes among acute inpatient physical 

rehabilitation patients 

Kirsten Mansfield, MPH Candidate 

Culminating Experience – Northwestern University, Master of Public Health 

Advisors: Ami Hughes, PhD, MPH, CIC; Theresa A Rowe, DO, MS 

8 May 2020 

 

 

 

 

 

 

 

 

 

 

 

 



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

2 

Abstract:  

Background: Candida auris (C. auris) is multi-drug resistant fungus that is known to cause 

serious and sometimes fatal infections. The organism also persistently colonizes hospital 

environments and multiple body sites of patients. The high transmissibility of C. auris, 

contributes to prolonged outbreaks in healthcare settings, which are challenging to manage, as 

there is uncertainty on how to best stop the spread of C. auris, identify C. auris, and treat C. 

auris colonization and infection.  

Objective: To identify risk factors for C. auris colonization and infection in patients undergoing 

rehabilitation; these results will inform future surveillance and screening programs targeted 

towards patients at risk for C. auris colonization and infection. 

Design: Retrospective analysis of risk factors associated with C. auris infection or colonization.   

Setting: Acute rehabilitation facility (ARF) affiliated with an academic medical center.  

Participants: Patients receiving care in an ARF from October 1, 2019 to January 31, 2020.  

Methods: Risk factors, including presence of immunodeficiency, care location, presence of a 

feeding tube, tracheostomy, mechanical ventilation, presence of a central line, history of other 

multi-drug resistant organisms (MDROs), and the presence of non-intact skin, wounds, and 

pressure injuries were reviewed retrospectively via the patient’s electronic medical record 

(EMR). The main outcome measure was the presence of a C. auris laboratory test result 

indicating infection or colonization.  

Statistical Analysis: We used descriptive statistics to describe the study population and the 

frequency of study outcomes. Odds ratios were performed to examine statistically significant 

differences. All the analyses were done using Microsoft Excel.  
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Results: Of the 205 eligible ARF patients, 11 (5.37%) patients were positive and 194 (94.63%) 

patients were negative for C. auris lab result. The prevalence of positive C. auris lab culture was 

5.37 patients per 100 patients tested C. auris colonization or infection during the study period. 

Patients with a prior history of infection or colonization of other MDROs were more likely to be 

at risk for C. auris colonization or infection, OR=6.55 (95% CI 1.38-31.13). However, there was 

no significant association between C. auris infection or colonization and presence of 

immunodeficiency, care location, presence of feeding tube, tracheostomy, mechanical 

ventilation, or central line, and the presence of non-intact skin, wounds, and pressure injuries.  

Discussion: Among patients in an ARF, prior history of colonization or infection with other 

MDROs was associated with a significantly increased risk of a positive C. auris lab result. Other 

risk factors studied also had increased odds ratio for positive C. auris, however the relationship 

was not statistically significant. Further research, incorporating a larger sample and timeframe is 

needed to overcome the current study’s limited power to investigate the association between C. 

auris and the other exposures or clinical factors. These results may help identify patients at risk 

for C. auris colonization and target patients for surveillance.   

 

 

 

 

 

 

 

 



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

4 

 

Introduction: 

 Candida auris (C. auris) is a multi-drug resistant yeast that is known to cause serious 

bloodstream, urinary, respiratory and wound infections.1 These infections are difficult to treat, 

and in some cases have been resistant to all three main classes of antifungal medications. 1,2 C. 

auris infections can also be fatal.1,3 Findings from various studies indicate that the crude 

mortality rates for C. auris infections range from 32-66%, depending on the patient’s underlying 

medical conditions, geographic region, age, and the clinical management of the infection.4-10 

The first case of C. auris was described in 2009, after it was isolated from the ear canal of 

a 70-year-old woman at Tokyo Metropolitan Geriatric Hospital in Japan.11 Since then, C. auris 

infections have emerged in many facilities across the globe.3,5,6,8,12-15 C. auris  can spread 

through contact with affected patients and contaminated environments or surfaces. Individuals 

may also be colonized with C. auris, such that the person has the fungus somewhere on their 

body, but does not have an infection or symptoms of an infection. Findings suggest that C. 

auris may persistently colonize hospital environments and multiple body sites of patients, 

leading to high transmissibility, and prolonged outbreaks.3,8,10 

The prevalence and epidemiology of C. auris remains uncertain. One of the causes may 

be underestimation due to limited availability of accurate and conventional diagnostic tools.16 

When using traditional phenotypic yeast identification methods, including VITEK 2 YST, API 

20C, BD Phoenix yeast identification system, and MicroScan, C. auris can be misidentified as 

number of different organisms.17 Most often, C. auris is misidentified with Candida haemulonii, 

another rare yeast, but it has also been shown to be misidentified with Candida 

duobushaemulonii, Rhodotorula glutinis, Candida sake, Candida intermedia, Saccharomyces 
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kluyveri, Candida catenulate, Candida famata, Candida guilliermondii, Candida parapsilosis, 

and Candida lusitaniae. Accurate identification for C. auris is important, as early detection can 

help limit the spread of C. auris, while misidentification can lead to inappropriate patient 

treatment and delay appropriate infection control precautions.17 

The prevalence C. auris colonization in certain regions and healthcare settings has been 

estimated. In a study assessing C. auris in 19 New York healthcare facilities, which included 

hospitals, long-term care facilities, and private medical offices, the average prevalence of C. 

auris colonization was estimated at eleven per 100 screened patients.18 A similar study in 

Chicago screening over 1,300 patients across 20 facilities, highlighted that 6.7 percent of the 

patients were positive, where the median prevalence ranged 0 to 7.7 percent depending on the 

type of healthcare facility.19 Of those colonized patients, it is not certain how many develop an 

active C. auris infection, but one study’s findings demonstrated that approximately 25% of 

colonized patients developed bloodstream infections.20 Data collected by IDPH demonstrated 

that 84 (11%) of the 784 known screening-positive cases later developed clinical infections.21 

There are populations of patients who are identified as being at-risk for colonization or 

infection with C. auris. Most people who acquire C. auris infections are already sick from 

underlying medical conditions.1 Patients who require medical devices, including ventilators, 

tracheostomy tubes, feeding tubes, and central lines, are at increased risk of C. auris.1,3 The risk 

of C. auris is also heightened for those with weakened immune system, history of other MDROs, 

parenteral nutrition, recent invasive surgery or procedure, and exposure to antimicrobial 

agents.6,19,22-24 In the United States, the overwhelming majority of clinical and colonized C. auris 

cases are among patients or residents who are currently or have recently received healthcare in 

skilled nursing facilities (SNFs) and long-term acute care hospitals (LTACHs).1,2  SNFs and 
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LTACHs may have environmental contamination of the organism that leads to transmission to 

residents. Residents may also transmit these organisms to other residents. The high 

transmissibility of C. auris demonstrated in these facilities is impacted by SNF and LTACH 

residents increased risk for infections with MDROS and other HAIs, including C. auris, because 

of underlying health conditions, medical devices, recent or invasive surgery or procedures, and 

antibiotic use.1,19,21,24,25  

While C. auris is a topic of particular interest for hospitals and healthcare facilities, and 

public health more generally, there is still uncertainty on how to best stop the spread of C. auris, 

identify C. auris, and manage or treat C. auris colonization and infection.26 In order to limit the 

spread of C. auris and to continue to learn more about this emerging pathogen, public health 

prevention efforts and interventions are of particular importance. As of April 2019, data from 

Illinois Department of Public Health (IDPH) demonstrates that C. auris cases are increasing in 

Chicago and the surrounding area with over 600 confirmed cases, 158 of a which are clinical 

cases and 450 of which are colonized cases.24 IDPH issued recommendations and guidelines for 

healthcare facilities to use personal protective equipment, implement isolation protocols for C. 

auris-positive patients, and practice disinfection of the patient environment and equipment in 

order to address risks related to C. auris. Furthermore, IDPH provided recommendations for 

screening and surveillance guidelines, where they identified patients with prior admission to a 

skilled nursing facility (SNF) or long term acute care hospital (LTACH) who also have a 

tracheostomy or mechanical ventilation, as being at-risk for colonization or infection with C. 

auris.21, 24 Additional data presented by IDPH, suggested that patients from these facilities 

presenting with feeding tubes and central lines may also be at increased risk for C. auris.21 
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In November of 2019, Shirley Ryan AbilityLab (SRAlab), a medicine and rehabilitation 

research hospital, initiated an on-admission C. auris screening program.  This was a time-limited 

study to identify patients colonized with C. auris and determine the prevalence of C. auris at 

their facility. Prior to this study, it was unknown how prevalent C. auris was in an acute inpatient 

rehabilitation population where patients are referred from various types of national and 

international care settings, including acute care hospitals (ACHs), SNFs and LTACHs.  SRAlab 

implemented an admission screening program in order to limit the spread of this pathogen and, 

hopefully, better identify patients at risk for colonization or infection. The implemented 

screening program used the pre-identified criteria provided by the IDPH, which emphasized that 

patients with medical devices who previously received care in SNFs or LTACHs are at increased 

risk of C. auris.  

Given the limited number of C. auris cases in Illinois, it is unclear if the IDPH criteria 

and the risk factors it relies on are representative of the risk of C. auris among ARF patients for 

acquiring this organism. As previously highlighted, other studies suggest that weakened immune 

system, history of other MDROs, parenteral nutrition, recent surgery and/or exposure to 

antimicrobial agents may also be associated with C. auris. Consequently, it appears that further 

analysis should focus on assessing risk factors for C. auris, in order to improve screening 

policies . 

The Present Study 

The current paper aims to investigate clinical factors that may increase ARF patients’ risk 

of C. auris colonization and infection. More specifically, this secondary risk analysis and needs 

assessment of the data from SRAlab’s pilot screening program for C. auris, considers the 

association between C. auris and presence of immunodeficiency, care location, presence of 
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feeding tube, tracheostomy, mechanical ventilation, or central line on admission, history of other 

MDROs, and the presence of non-intact skin, wounds, and pressure injuries. Through this 

analysis, we hope the current study will consider: 

1. How effective are recommended screening programs at identifying at-risk 

patients for C. auris colonization? 

2. How is this public health issue impacting ARF patients?  

In turn, the results of the proposed study will further the general knowledge of C. auris in the 

fields of public health and infection prevention, and improve patient care provided to ARF 

patients.  

Materials and Methods: 

Population and Sample Selection: 

 The design of this study follows a retrospective cohort, and the protocols used were 

approved by the governing institutional review board for SRAlab. 

The patient population consisted of inpatients at SRAlab, a nationally ranked physical 

medicine and rehabilitation research hospital based in Chicago, Illinois. SRAlab’s flagship 

facility houses 242 licenses beds and receives patient transfers from local, regional, national, and 

international ACHs, LTACHs, SNFs and home care. At SRAlab patients stay in private rooms 

designated within a given Innovation Center, which is based off of the patients’ primary clinical 

diagnoses or needs. The different Innovation Centers focus on pediatric care and four areas of 

adult care relating to brain, nerve + muscle + bone, cancer, and spinal cord.  In terms of 

rehabilitation care, SRAlab therapy spaces focus on arms + hands, legs + walking, strength + 

endurance, and think + speak. These different therapy spaces, which are also referred to as 

AbilityLabs, are located on different floors, such that many patients travel throughout the 
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hospital to participate in their different services and therapies. SRAlab also provides patients 

with services to physician clinics, prosthetics and orthotics, outpatient rehabilitation, pool 

therapy, diagnostic imaging, dialysis, wound care, and laboratory services. Understanding that 

SRAlab houses many different employees, who provide a variety of different services, across 

several spaces, to a diverse patient population, underscores the expansive infection control needs 

of SRAlab, such as managing the spread of HAIs, like C. auris. Consistently, this dynamic health 

care environment calls for responsive infection control plans and policies to maintain access to 

SRAlab services, while upholding patient and employee safety, and high quality care.  

SRAlab Patients were identified for inclusion in the study using reporting capabilities of 

Infection Prevention and Control Department surveillance software. Two data sources were 

compiled to generate the patient population:  

1. Report of patients with laboratory tests ordered for C. auris colonization 

2. Report of patients with clinical cultures for C. auris infection 

Other information detailed in these reports included patient name, medical record number, 

culture collection date, body site tested, culture result, attending physician, admission date, care 

location, date of birth, and gender. Individuals meeting exclusion criteria were removed from the 

report output.  

 From these reports, all adult inpatients of SRAlab with documented C. auris laboratory 

tests or laboratory confirmed history of C. auris. were included into the study. Patients younger 

than 18 years of age during the study period and patients with documented history of C. auris 

history that is not laboratory confirmed were excluded from the sample. 

Patients were identified from four different patient pools: SRAlab admits, SRAlab 

patients transferred to a nearby academic medical center, SRAlab patients included in C. auris 
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ring surveillance investigation, and SRAlab patients with laboratory confirmed history of C. 

auris. The first patient pool included patients admitted to SRAlab from November 21, 2019 to 

January 31, 2020. Of the 655 patients admitted to SRAlab and screened during this time frame, 

33 patients were identified of meeting the inclusion criteria for C. auris screening: presenting to 

SRAlab on admission directly from a SNF or LTACH with a feeding tube, artificial airway, 

tracheostomy, and/or central line. Of those 33 patients, 32 patients (97%) were included in the 

statistical analysis; the lab culture for the one excluded patient was never finalized and could not 

be included in the analysis. An additional two patients admitted to SRAlab were included in the 

analysis, despite not meeting SRAlab’s C. auris screening criteria. In total, 33 patients admitted 

to SRAlab were included in the final sample.  

The second patient pool included SRAlab inpatients who were transferred or went on 

leave of absence to a nearby, participating academic medical center from October 1, 2019 to 

January 31, 2020, and had C. auris specimens collected and finalized, as a result of meeting this 

hospital’s criteria for C. auris screening. Of the 181 SRAlab patients transferred to this nearby 

academic medical center during this time-frame, 128 patients (71%) were captured by their C. 

auris screening procedure with finalized specimens. In turn, 128 patients met the definition for 

the second patient pool and were included in the analysis.  

The third patient pool included SRAlab inpatients with C. auris specimens collected as 

part of ring surveillance procedures. These procedures were carried out to rule-out and identify 

possible transmission events, occurring from lapses in isolation for patients colonized with C. 

auris, as documented from a positive screening culture. All 44 patients meeting the definition for 

the third patient pool had finalized C. auris lab cultures, and were, therefore, included in the 

study. 
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The fourth patient pool consisted of those SRAlab patients with a known history of C. 

auris colonization or infection confirmed by laboratory tests, who were not captured by the 

definitions for the first three patient pools; two patients met this definition. From these 4 

different patient pools, a total of 205 patients were identified and included into the study. 

Data Collection and Management:  

Source data were compiled from multiple existing hospital resources generated from the 

Electronic Medical Record (EMR) and Electronic Data Warehouse (EDW). Additionally, 

individual chart review of the EMR was conducted to identify missing information. Using these 

sources, information on patient demographic data, history of other multidrug-resistant organisms, 

presence of immunodeficiency, utilization of medical devices, oral intake restrictions, presence 

of wounds, and wound types was collected or calculated. More detailed information on the data 

compiled from the EMR and EDW are detailed in the remaining paragraphs of this section.   

Demographic and information relating to the study sample’s characteristics were 

collected. Date of birth was collected and used to calculate age, which was defined as the 

patients’ age on the date of their C. auris specimen collection. Patient gender was recorded as 

male, female, or unspecified. The admitting facility, or the referring facility that the patient was 

admitted from, was recorded as LTACH, SNF, or other.  

The exposures and risk factors of interest were care location, presence of central line, 

feeding tube, tracheostomy, and/or mechanical ventilation, history of other MDROs, presence of 

immunodeficiency, and non-intact skin on admission. In order to obtain more information 

relevant to the exposure and risk factors, additional data on the following variables was obtained: 

hospital service, admission date, White Blood Cell count (WBC) date, WBC, MRSA, VRE, 
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CRE, ESBL, CDI, Other MDRO, diet type, liquid type, NPO, wound, pressure injury, multiple 

pressure injuries, and functional oral intake (FOI) score.  

The hospital services documented in patients’ EMRs were categorized into the service 

categories of brain injury, spinal cord injury, medically complex, neurology, orthopedic, cardiac, 

multiple major trauma, and other. The brain injury service category included patients designated 

with a traumatic brain injury, non-traumatic brain injury, nontraumatic brain injury with 

oncology, and AmiCous (minimally conscious) brain injury. The major multiple trauma service 

category included patients assigned to the major multiple trauma service with or without a brain 

injury or a spinal cord injury. Medically complex patients included those designated to the 

medically complex oncology, medically complex transplant liver/kidney, medically complex 

transplant lung/heart, and general medically complex services. Spinal cord injury (SCI) patients 

included those documented with nontraumatic SCI, traumatic SCI, traumatic SCI-quadriplegic, 

traumatic SCI-paraplegic, and a traumatic SCI requiring mechanical ventilation. The 

neurological services category included patients admitted for neurological associated health 

conditions, including Parkinson’s disease and multiple sclerosis. Orthopedic services included 

those patients assigned to an orthopedic service for lower extremity fractures and amputations, as 

well as other orthopedic related health conditions. The service categories of cardiac and stroke 

included patients admitted to cardiac and stroke services, respectively. Lastly, the services that 

were not encompassed in the previously listed service categories were placed into the other 

service category. Related to the different service categories, each patient’s care location, which 

are the floors where the patient was admitted to and received services while at SRAlab, was also 

recorded.  
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Presence of central line, feeding tube, tracheostomy, and/or mechanical ventilation was 

determined on admission to SRAlab. To supplement the investigation of how feeding tubes may 

impact C. auris, data on patient’s diet type, liquid type, and NPO status on admission was 

recorded. Diet type and liquid type were scored according to the International Dysphagia Diet 

Standardization Initiatives scores for solid diet and liquid intake, respectively. Solid diet scores, 

ranging from three to seven, indicate the extent to which the food is texture-modified for patient 

swallowing. A lower score corresponds to more texture modification, while a higher score 

indicates less texture modification. More specifically, a score of three corresponds to liquidized 

food, a score of four indicates pureed food, a score of five documents minced and moist food, a 

score of six corresponds to soft and bite-sized food, and a score of seven denotes swallowing of 

regular food. The liquid diet scores range from zero to four, where a higher score indicates the 

extent to which drinks or liquids are thickened in order to reduce risk of aspiration. A liquid 

score of zero corresponds to consumption of a thin drink, indicating a “regular” liquid score. 

While scores of one, two, three, and four correspond to consumption of slightly thick, mildly 

thick, moderately thick, and extremely thick liquids, respectively. All patients’ diet and liquid 

scores on admission were recorded; unless patients nutrition status was documented as NPO. 

NPO patients’ nutrition assessments do not include liquid and diet scores due to their oral intake 

restrictions. In this way, NPO status was a binary variable, as patients were either documented as 

NPO or not NPO.  

  Lastly, functional oral intake (FOI) scores on admissions were recorded to further 

supplement nutritional information. The FOI Scale is an objective assessment of oral intake 

limitations and liquid and/or diet restrictions that follows a seven-point scale, from one to 

seven.27 Scores one through three relate to varying degrees of nonoral feeding, indicating tube 



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

14 

dependence, such as no oral intake, tube dependent with minimal/inconsistent oral intake, and 

tube supplements with consistent oral intake. Scores four through seven relate to varying degrees 

total oral intake without nonoral supplementation, including total oral intake of a single 

consistency, total oral intake of multiple consistencies requiring special preparation, total oral 

intake with no special preparation while avoiding specific foods or liquid items, and total oral 

intake with no restrictions.27 

History of methicillin-resistant Staphylococcus aureus (MRSA), Clostridioides difficile 

infection (CDI), carbapenem-resistant entrerobacteriaceae (CRE), vancomycin-resistant 

Enterococcus (VRE), extended spectrum betalactamase-producing organisms (ESBL), and other 

MDROs on admission was recorded. Presence of immunodeficiency was approximated by 

patients recorded white blood cell (WBC) count on admission. Furthermore, the difference 

between date of collection for C. auris culture or specimen and the date of the WBC count on 

admission was recorded to account for the degree to which the on-admission WBC count is a 

reasonable proxy for presence of immunodeficiency patient’s at the time of C. auris specimen or 

culture collection.  

Non-intact skin on admission was recorded if the patient had a pressure injury and/or 

wound present on admission. Furthermore, if the patient had a documented presence of non-

intact skin, as a result of any kind of wound other than a pressure injury, the presence of the 

wound and the description of the wound type was documented. If there was a pressure injury on 

admission, the presence, location, and the stage of the pressure injury was recorded. The four 

different stages for pressure injuries increase in severity, where stage one pressure injuries are 

the least severe, while stage four pressure injuries are the most severe. Pressure injuries with no 

indicated stage were either recorded as unstageable or suspected deep tissue injury (DTI) as 
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documented in the EMR. Furthermore, if patients had multiple pressure injuries, the presence of 

multiple pressure injuries was recorded, and the stage and location of each pressure injury was 

also noted. For these cases, the pressure injury with highest severity, as indicated by the stage, 

was included in the pressure injury analysis.  

The primary outcome variable was the finalized C. auris culture or specimen result. The 

culture or specimen results were finalized as either positive or negative for C. auris. As 

previously stated, non-finalized or cancelled cultures were excluded from the analysis. For the 

finalized results, the date of C. auris specimen collection, the facility where the culture was 

collected, and the type of C. auris specimen, or the body site, was also recorded.   

Protected health information (PHI) and personal identifiers, such as name, medical record 

number (MRN), financial identification number (FIN), gender, date of birth, age, admission date, 

culture collection date, service, and care location were collected. Patients names were de-

identified and coded with generic identifiers. MRN, FIN, admission date, and culture collection 

date were recorded for data source integrity and were not reported. Date of birth was not 

reported, but, as previously stated, was used for age calculations. For patients over 90 years of 

age, their age was recorded as 90 years old in the data file in order to preserve patient identity. 

Age, gender, service, and care location, were not reported individually, but rather as aggregate 

data, estimates, or counts only.  

Data Analysis:  

The primary analysis was based on prevalence of the different exposures of interest 

among all patients with positive C. auris results for those included in the study over the time 

period of October 1, 2019 to January 31, 2020. More specifically, prevalence was calculated as 

the proportion of patients with positive C. auris results and exposure to the given factor or 
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characteristic of interest over all patients with positive C. auris results. The prevalence of 

exposure among positive patients was calculated for the different care locations, presence of 

central line, feeding tube, tracheostomy, and/or mechanical ventilation, history of any MDRO, 

and non-intact skin. To further analyze the different risk factors, odd ratios (ORs) were 

calculated to estimate the relative risk because C. auris is rare and the prevalence of C. auris is 

low in most populations. ORs were calculated using the equation: OR = p1/(1 – p1) / p0/(1 – p0), 

where p1 is the proportion of patients with a positive C. auris result and exposure to the 

predicted risk factor, while p0 is the proportion of patients with a positive C. auris result and 

were not exposed to a predicted risk factor. Additionally the confidence intervals associated with 

each OR were calculated using Woolf’s method. This methods uses the standard approach of 

taking the natural log of the OR, and calculating the 95 percent confidence interval (95% CI) for 

the natural log OR, using the equation ln(OR) +  1.96 · se[ln(OR)]. The standard error for the 

natural log OR is calculated using the equation: se[ln(ORs)]=[1/a + 1/b + 1/c + 1/d]1/2. To obtain 

the 95% CI for the OR, each end of the 95% CI for natural log of OR was exponentiated, 

exp{ln(ORs) + 1.96 · se[ln(ORs)] }.   

Prevalence and ORs were calculated for evaluating the association with care location, 

presence of central line, feeding tube, tracheostomy, and/or mechanical ventilation, history of 

MDROs, and non-intact skin on admission with a positive C. auris culture, indicating C. auris 

colonization or infection. Additional descriptive statistics, including frequency and measures of 

central tendency, were calculated to investigate non-dichotomous exposures, such as presence of 

immunodeficiency. Furthermore, these descriptive statistics were also used in secondary analyses 

to further investigate pressure injury stages, types of MDROs, FOI scores relationship to feeding 

tubes, and FOI scores relationship to nutrition status. Ultimately, these secondary analyses were 
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conducted to help with hypothesis generation by providing the opportunity to supplement and 

further investigate the primary analyses, which looked at the association of a C. auris infection 

or colonization with care location, presence of central line, feeding tube, tracheostomy, and/or 

mechanical ventilation, history of MDROs, and non-intact skin on admission. All statistical tests 

and analyses were conducted in Microsoft Excel.  

Results:  

 A total of 205 SRAlab patients were identified and included into the study. Thirty-three 

(16.10%) of these patients were identified from the patients captured in SRAlab C. auris 

admission screening program; 128 (70.72%) patients went on leave of absence and had cultures 

collected as part of a nearby medical center’s C. auris admission screening program; 44 

(21.56%) patients had cultures collected as part of a ring surveillance and transmission 

investigation at SRAlab; 2 (0.98%) patients had a known history of C. auris colonization or 

infection confirmed by laboratory tests. Of these 205 patients included in our sample, eleven 

patients had positive C. auris cultures, corresponding to a prevalence of 5.37 C. auris positive 

patients per 100 patients screened for C. auris colonization or infection during the study period 

(Table 1). Demographic and characteristic information is provided in Table 1.  

 Of patients admitted, 22 (10.73%) patients were inpatients on the 25th floor, 39 (19.02%) 

patients were inpatients on the 24th floor, 27 (13.17%) patients were inpatients on the 23rd floor, 

65 (31.71%) patients were inpatients on the 22nd floor, 12 (5.85%) patients were inpatients on the 

21st floor, 18 (8.78%) patients were inpatients on the 20th floor, 19 (10.24%) patients were 

inpatients on the 19th floor, and 1 (0.49%) patient was an inpatient on the 18th floor. Little 

association for the risk of C. auris colonization or infection and the care location patients were 

admitted to was observed (Table 2) . The highest ORs were observed among patients admitted to 
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the 24th floor, 23rd floor, 20th floor, and was lowest for patients admitted to the 22nd and 19th 

floor; however, all of the confidence intervals for the ORs included one, indicating little 

statistical significance (Table 2).  

 For devices, 83 (40.49%), 36 (17.56%), 2 (0.98%), and 40 (19.5%) patients presented to 

SRAlab on admission with feedings tubes, tracheostomies, mechanical ventilation, and central 

lines, respectively. The prevalence of C. auris colonization or infection was highest among 

patients with feeding tubes and tracheostomy tubes. The ORs for feeding tubes and tracheostomy 

tubes, were 1.82 (95% CI, 0.54 to 6.18) and 1.83 (95% CI, 0.46 to 7.26), but were no statistically 

significant (Table 2).  

One hundred fifty-seven (76.59%) patients presented with non-intact skin on admission 

to SRAlab. Among patients with positive C. auris cultures, non-intact skin was prevalent in 

approximately 80 per 100 patients. However, there was no significant association observed for 

the risk of C. auris colonization or infection and the presence of non-intact skin (Table 2). Non-

intact skin was further investigated by differentiating between pressure injuries and wounds. 

Pressure injuries were observed in 98 (47.80%) patients, where the prevalence of pressure 

injuries among C. auris colonization or infection patients was approximately 37 per 100  patients 

(Table 2). The odds C. auris colonization or infection of those with a pressure injury compared 

to those without pressure injuries trended towards a decreased risk of C. auris. However, 

ultimately there was no statistically significant association observed between pressure injuries 

and C. auris colonization or infection (Table 2). Beyond looking at the presence of at least one 

pressure injury, multiple pressure injuries were observed in 44 (21.46%) patients. The prevalence 

of multiple pressure injuries among C. auris colonization or infected patients was approximately 

19 per 100 patients (Table 2). While there was ultimately no observed significant association 
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between multiple pressure injuries and C. auris colonization or infection, the general trend 

depicted that the odds of C. auris positive culture was increased for multiple pressure injuries 

when compared to odds of C. auris positive culture for those with one pressure injury (Table 2).  

Beyond non-intact skin, when exclusively looking at cases of wounds, 122 (59.51%) 

patients presented on admission with wounds, such as surgical incision, skin tears, excoriation 

and abrasions. The prevalence of these wound among positive C. auris patients was 73 per 100 

patients. The calculated odds ratio trended towards suggesting an increased risk of C. auris 

colonization and infection among patients with wounds compared to those without wounds; 

however, ultimately this estimated risk was not statistically significant, suggesting no observed 

association between C. auris and presence of wounds.  

When looking at history of other MDROs, 88 (42.93%) patients presented to SRAlab 

with a history of the presence of at least one MDRO other than C. auris. Some patients presented 

with different MDROs; 116 cases of MDROs were observed. The highest number of cases was 

observed for VRE and MRSA with 33 (28%) and 25 (22%) cases (Table 3). The number of cases 

for CRE, ESBL, CDI, and other MDROs, which was most often Pseudomonas aeruginosa, was 

fairly consistent, ranging between 11(9%) to 18 (16%) cases each (Table 3). The prevalence of 

presenting on admission with a history of other MDROs among positive C. auris patients was 

fairly high, at 82 per 100 patients (Table 2). Overall, the odds of C. auris colonization or 

infection was increased for patients with a history of at least on other MDRO compared to 

patients without MDROs (Table 2).  

When looking at the association between C. auris positive cultures and exposure to these 

different dichotomous variables, there was little evidence of statistically significant associations, 

with the exception of MRDOs. The association between MDROs and C. auris indicated that 
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MDRO patients are at increased risk of C. auris colonization or infection compared to patients 

without a prior history of MDROs (Table 2). 

 In addition to the factors previously described, presence of immunodeficiency, as 

estimated by WBC count on admission, was evaluated as a potential risk or contributing factor to 

C. auris colonization by using qualitative methods. The median white blood cell count was 

similar across patients with positive and negative cultures, largely overlapping with the study 

sample median WBC count of 7.35 (1.3-20.9) (Table 1). The median WBC count for positive C. 

auris patients was 7.2 (4.6-18.6), while the median WBC count for negative C. auris patients 

was 7.6 (1.5 -20.9) (not shown). Furthermore, there was no evidence of an association between 

leukopenia, or a low white blood cell (WBC < 2), and C. auris, as there were no cases of 

leukopenia among patients with positive C. auris cultures and very few cases of leukopenia 

among patients with negative C. auris cultures (not shown). Additionally, there were very few 

cases of high white blood cell count in positive and negative C. auris patients, further suggesting 

that the white blood cell count in our sample of patients, regardless of C. auris result status, was 

generally within normal range (not shown). Ultimately, the qualitative data on WBC count 

indicates that, within our sample, there is no association between presence of immunodeficiency 

and C. auris.  

Despite the fact that there was little observed evidence for signification associations 

between the investigated exposures and C. auris positive cultures, secondary analyses were 

conducted to further investigate some of these variables and supplement the observed results. 

While there was a little evidence of significant association between presence of at least one 

pressure injury and C. auris, there were concerns that relationship between more severe pressure 

injuries and C. auris colonization infection was obscured by looking at pressure injuries as a 
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whole (Table 2). To investigate this concern, the frequency of pressure injuries within each stage 

were examined for patients with negative and positive C. auris results (Table 4). A majority of 

the positive C. auris patients with pressure injuries had more severe (stage three and stage four) 

pressure injuries than less severe pressure injuries (stage one and stage two). Additionally a 

decreased percentage of negative C. auris patients with stage three and stage four pressure 

injuries was observed compared to the percentage of negative C. auris patients with stage one 

and stage two pressure injuries (Table 4). Ultimately these trends may highlight a need to 

consider the severity or staging of pressure injuries when investigating the association between 

C. auris and pressure injuries, rather than investigating how the general presence of pressure 

injuries may contribute to C. auris. Unfortunately, because the sample size in the present study is 

small and the number of positive C. auris patients with pressure injuries is low, there was limited 

statistical power to conduct this investigation in the current study. 

Additionally, the data were further analyzed to investigate whether any of the risk factors 

were masking the association of other variables with C. auris  colonization or infection. While 

there were concerns with pressure injuries and the impact of how staging may obscure its 

possible association with C. auris, additional analyses indicated that the presence of feeding 

tubes was confounding the analysis of pressure injuries and C. auris. More specifically, when 

looking at the cases of patients with and without feeding tube and pressure injuries, the analysis 

revealed that the two variables were mutually exclusive among C. auris positive patients, as no 

patients had both a feeding tube and a pressure injury, and very few patients had neither a 

feeding tube nor a pressure injury. Consequently when excluding feedings tube patients from the 

analysis of the association between pressure injuries and C. auris, the prevalence of pressure 

injuries among positive patients remained the same, while the odds of C. auris colonization or 
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infection for patients with pressure injuries was greater than the odds of C. auris colonization or 

infection for patients without pressure injuries (Table 5). However, similar to many of the other 

investigated association, there is no evidence of a statistically significant association for pressure 

injuries and C. auris when excluding and controlling for the impact of feeding tubes (Table 5).  

Because the analysis revealed that pressure injury patients and feeding tube patients, were 

mutually exclusive among C. auris positive patients, the association between presence of a 

feeding tube and C. auris was reinvestigated when excluding pressure injury patients from the 

analysis. The prevalence of feeding tubes among positive patients remained the same, while the 

odds of C. auris colonization or infection for patients with feeding tubes was greater than the 

odds of C. auris colonization or infection for patients without feeding tubes; this result was 

statistically significant (Table 5). 

Lastly, to supplement the investigated association of the presence of feeding tubes and C. 

auris, further descriptive analyses were conducted to consider how this association may be 

influenced by patients’ functional oral intake capabilities and nutrition regimens, as is 

documented by FOI scores, diet type, liquid type, and NPO status. One hundred twenty-nine 

(62.9%) patients from the sample had FOI scores documented on admission. Of these patients, 

73 (56.6%) had feeding tubes, while 56 (43.4%) did not present with feeding tubes (Figure 1, 

Figure 2). Of those patients without feeding tubes, no positive or negative C. auris cases with 

tube dependence were observed (Figure 1). Conversely, for patients with feeding tubes, a 

majority of both positive and negative C. auris patients were tube dependent (Figure 2). This 

trend may indicate that tube dependence impacts or mediates the association between feeding 

tubes and C. auris colonization or infection.  
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To further investigate the association between feeding tube and C. auris, the relationship 

between FOI scores and nutrition regimen, as documented by patients drink score, food score, 

and NPO status was investigated. Bubble charts were created to depict the frequency of the 

different possible FOI score and drink score combinations (Figure 4) and FOI score and food 

score combinations among feeding tube patients (Figure 3). When looking at the frequency of 

FOI Score and Food Score combinations among feeding tube patients, there is no clear 

association between FOI score and food score and how they impact C. auris, as there are both 

positive and negative C. auris patients across the range of FOI score and food score values. 

Similarly, when investigating the frequency of FOI Score and Drink Score combinations among 

feeding tube patients, there is no clear association between FOI score and food score and how 

they impact C. auris, as there are both positive and negative C. auris patients across the range of 

FOI score and drink score values.  

Discussion  

The objective of this paper is to identify risk factors that may increase ARF patients’ risk 

of C. auris colonization and infection. The risk factors that were investigated include presence of 

immunodeficiency, care location, presence of feeding tube, tracheostomy, mechanical 

ventilation, or central line, history of other multi-drug resistant organisms (MDROs), and the 

presence of non-intact skin, wounds, and pressure injuries. We found that prevalence of positive 

C. auris cultures, indicating colonization or infection, in this sample was 5.37 per 100 screened 

patients over the course of the four-month investigation. History of colonization or infection with 

other MDROs was associated with an increased risk of C. auris. Presence of feeding tubes and 

the presence of pressure injuries were mutually exclusive among positive patients, such that 

association for each of these risk factors with C. auris was reinvestigated when excluding for the 
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other variable. In this analysis, presence of feeding tubes when excluding for the presence of 

pressure injuries was associated with an increased risk of C. auris. 

  C. auris infection and colonization are of increasing concern for many public health 

organizations and health care facilities, with its increasing prevalence in regions across the globe. 

While the number of studies investigating risk factors associated with C. auris colonization and 

infection is increasing, there is little evidence documenting the prevalence of C. auris among 

acute inpatient rehabilitation patients or the risk factors associated with colonization or infection 

of C. auris in this patient population.   

The prevalence of positive C. auris cultures, indicating colonization or infection, in this 

sample of ARF patients was 5.37 per 100 screened patients. This finding is consistent with other 

screening-based research conducted in Chicago, which estimated that 6.7 per 100 patients 

screened for C. auris across 20 facilities, such as ACHs, LTACHs, and SNFs, were positive.19 

This consistency suggests that prevalence of C. auris in Chicago ARFs is similar to average 

prevalence of C. auris observed across healthcare facilities in Chicago.  

The ARF inpatients in this study were targeted for sampling as they all had known lab 

cultures collected in order to test for C. auris colonization or infections. In turn, a large majority 

of these patients had samples collected because they were identified as being at risk of 

colonization according to SRAlab’s and the participating medical center’s on-admission 

screening policies for C. auris. Relying mostly on sampling patients whose cultures were 

collected as part of these screening policies may have contributed to calculating a prevalence 

value for C. auris that most likely underestimates the true prevalence of positive C. auris results 

among rehabilitation patients screened for C. auris. The SRAlab’s screening procedure was not 

implemented until the end of November, and the participating medical center’s capture rate for 
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specimen collection for eligible patients was lower during the first few weeks of implementing 

this new policy. On other hand, because a large majority of individuals included in this study 

were identified of being at risk for C. auris colonization of infection, it is likely that the 

prevalence of C. auris colonization and infection among all ARF inpatients is lower.  

While C. auris is generally rare, the current study investigates the association between C. 

auris and different clinical factors in order to add to the current knowledge of C. auris. This 

knowledge would be able to improve patient care and prevention efforts, as it would hopefully 

allow healthcare and public health professionals to increase the effectiveness of isolation and 

screening policies for C. auris by targeting those patients who are most at risk for colonization of 

infection. The current study investigates the association between C. auris and presence of 

immunodeficiency, care location, presence of feeding tube, tracheostomy, mechanical 

ventilation, or central line on admission, history of other MDROs, and the presence of non-intact 

skin. Due to the small sample size of our study and the low prevalence of C. auris in this sample, 

there was little statistical power to develop conclusions. In turn, our analyses provides limited 

evidence of an association between C. auris and the clinical factors investigated. Many of the 

investigated association were increased but were not statistically significant, likely due to 

limitations in sample size.  However, prior history of MDRO colonization or infection and 

presence of feeding tube when excluding for presence of pressure injuries were two statistically 

signification associations observed when looking at risk of C. auris.  

Consistent with other studies, history of colonization or infection with other MDROs was 

associated with an increased risk of C. auris. In general, invasive infection and colonization of 

MDROs have been identified almost exclusively in patients in high-dependency areas with the 
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highest degree of medical intervention, such that is it valuable to try to determine what clinical 

factors or exposures that make patients susceptible to MDROs, including C. auris.  

While our current study provides limited support for statistically significant associations, 

some of the observed trends may be useful to generate hypotheses and consider future areas of 

study. When looking at the relationship between C. auris and the units and floors patients were 

admitted to, it appears that the 24th, 23rd, and 20th floors had the highest prevalence of positive C. 

auris patients combined with a potential increased risk for C. auris. These findings may have 

been influenced by the screening policies, as more patients admitted to these floors may have 

been eligible for testing. In turn, it is likely that more patients on these floors were swabbed for 

C. auris, increasing the likelihood of finding more positive C. auris cases on these floors. 

Nevertheless, determining what floors are most burdened with C. auris infected or colonized 

patients can provide insights to what potential types of patients may be at increased risk of C. 

auris. A majority of the positive patients on these floors were either admitted to brain injury or 

stroke services. This may indicate that patients with neurological conditions are at increased risk 

for C. auris colonization or infection. This hypothesis is consistent with other MDRO research, 

which indicates that neurologically impaired patients, including spinal cord injury patients, 

experience a higher rate of healthcare-associated infections, as these patients are often medically 

complex and exhibit higher dependence, requiring more intensive observation, treatment, and 

nursing care from healthcare workers.29,30 

Similarly, research indicates that healthcare associated infections and exposure to these 

germs are also heightened for patients requiring medical devices, such as ventilators, 

tracheostomy tubes, central lines, and feeding tubes.1,21 The current available data from the IDPH 

demonstrates that a majority of the colonized C. auris patients require tracheostomy tubes, 
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feeding tubes, and mechanical ventilation, while approximately a third of colonized C. auris 

patients require a central line.21 Patients who require medical devices are often medically fragile 

and potentially more susceptible to infection.21,30 Additionally, the inherent requirement of using 

medical devices increases a patient’s risk of infection or colonization as these patients are 

presented with unique challenges concerning hygiene practices and cleaning or disinfecting 

procedures, which are effective in reducing MDRO transmission and colonization.31 Because of 

the evidence supporting the association between medical devices and C. auris, many screening 

policies, including the SRAlab screening policy, targeting individuals with medical devices.  

To help further validate that the use of medical devices is associated with C. auris 

colonization and infection, the current study also investigates if the presence of feeding tubes, 

tracheostomy tubes, mechanical ventilation, and central lines were associated with C. auris in 

our sample of rehabilitation patients. Very few patients admitted to SRAlab require mechanical 

ventilation, such that we were not able to investigate this association. Despite this limitation, 

when looking at feeding tubes, central lines, and tracheostomies, it appeared that feeding tubes 

were the most prevalent device among positive patients, as a majority of positive patients 

required feeding tubes, while less than a third of positive patients required tracheostomies or 

central lines. When investigating the association between feeding tubes and C. auris, the current 

study provides evidence that presence of feeding tubes is trending towards and increased risk of 

C. auris, but this result was not statistically significant. However, the association between 

feeding tubes and C. auris was reinvestigated when excluding for the presence of pressure 

injuries, as pressure injuries and feeding tubes were discovered to be mutually exclusive 

variables among positive patients. This analysis revealed that the presence of feeding tubes, 
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when excluding for the presence of pressure injuries, was associated with an increased risk of C. 

auris. 

Additionally, secondary descriptive analyses, suggested that feeding tube patients with a 

strong dependence on their feeding tube, as indicated by their FOI score, is a potentially 

important indicator to consider for risk of C. auris colonization or infection. Beyond the 

disinfecting challenges associated with feeding tubes and other medical devices, the trend of 

feeding tube use combined with increased tube dependence, may also further bolster hypotheses 

and theories that suggest patients with limited mobility, who are more medically complex, and 

are highly dependent on healthcare workers may be susceptible to HAIs, including C. auris.  

Furthermore, feeding tube dependence may also be impacted by the relationship between 

diet, the microbiome, and immunity.32 For example, perhaps patients who are highly dependent 

on feeding tubes for nutrition are more likely to require a modified diet, which includes non-

natural dietary supplements, that in turn negatively impacts the microbiome, the patient’s 

immune system, and increases their susceptibility to colonization of infections of MDROs, such 

as C. auris. While the current study cannot provide conclusive evidence in support of either of 

these hypotheses, future research should continue to investigate medical devices role in C. auris 

colonization and infection, as well as the mechanisms or factors that influence this association. In 

the current study, many patients presented with multiple medical devices. When investigating the 

association between one type of device and C. auris, the presence of other devices potentially 

acted as confounders, making it difficult to parse out to what extent each device contributes to 

risk of C. auris. Hopefully by sampling a larger population of ARF patients, future research 

would be better able to investigate the association between C. auris and the presence of feeding 

tubes, mechanical ventilation, central lines, and tracheostomies in this population, and whether or 
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not these findings are consistent with the increased risk of C. auris that has been demonstrated in 

LTACHs and SNFs for patients presenting with these devices.21 

A third major area of focus for the current study was looking at the presence of non-intact 

skin, and differentiating between pressure injuries and other wounds. Available risk factor data 

from IDPH indicated that 36% of colonized C. auris patients also present with wounds. This may 

not be surprising, as wounds and areas of non-intact skin have a higher risk of becoming 

infected. Additionally, research looking at the relationship between other MDROs, such as VRE 

and MRSA, and pressure ulcers suggest that pressure ulcers in patients play a role in the 

transmission and spread of MDROs.33 Consistent with these findings, in the current study non-

intact skin was highly prevalent among C. auris positive patients.  

However, when distinguishing between pressure ulcers and other wounds, such as 

surgical incisions, skin tears, excoriation and abrasions, there was conflicting results. As 

expected, the trend of the association between wounds and C. auris suggests that wounds may be 

an important indicator for increased risk of C. auris. Interestingly, in this sample of patients a 

majority of the documented wounds were surgical incisions, potentially providing support that 

the general trend documented for wounds may be a good proxy for recent surgical intervention 

or procedures, which is one risk factor that has been supported in C. auris literature. 6,22-24 On 

other hand, when investigating pressure injuries, the observed association was trending towards a 

decreased risk for C. auris, a finding that is not supported in the current literature. Further 

analyses of the pressure injury data revealed concerns that the relationship between more severe 

pressure injuries, as well as the number of pressure injuries, with C. auris colonization and 

infection was obscured when looking at all pressure injuries without accounting for these other 

factors. Secondary qualitative analyses revealed that majority of positive patients with pressure 
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ulcers presented with more severe, stage three and stage four, pressure ulcers rather than the 

lower staged, less severe pressure ulcers. When focusing on multiple pressure injuries, secondary 

analyses indicated that the odds of C. auris associated with the presence of multiple pressure 

injuries compared to the odds associated for patients with only one pressure injury was trending 

towards an increased risk. Future studies should continue to investigate non-intact skin, wounds, 

and pressure injuries as risk factors, while considering how the severity, extent, degree, and 

wound type may further increase a patient’s risk for C. auris.  

Lastly, beyond the different clinical factors investigated and discussed in this current 

study, IDPH and US Centers for Disease Control and Prevention (CDC) highlight that patients or 

residents who are currently or have recently received healthcare in skilled nursing facilities 

(SNFs) and long-term acute care hospitals (LTACHs) are often at increased risk of C. auris 

colonization or infection.1,21 More specifically, in Illinois a select number of SNFs and LTACHs 

have been identified as healthcare facilities with probable environmental contamination of C. 

auris. In turn, while there was no initial analyses investigating the number of patients in our 

sample who previously received care from these facilities, it is valuable to note that a 

retrospective review of positive patients’ admissions histories revealed that over half of these 

patients were directly admitted to SRAlab from these facilities associated with C. auris 

contamination, while approximately 90 percent of the positive C. auris patients previously 

received health care at one of these facilities prior to admission at SRAlab. This finding 

highlights the importance of public health surveillance and designing screening programs that 

target patients who have previously received care in healthcare facilities with an increased 

prevalence of C. auris colonization. Surveillance allows researchers to more easily investigate 

possible exposures and outbreaks, which in turn allows for better targeted interventions and 
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policies.1,21,26 It is not always known where a person becomes infected with C. auris; however, 

when healthcare facilities implement screening and surveillance protocols, it is easier for 

healthcare professionals to determine the facility where a given patient was exposed and became 

infected or colonized with C. auris.24,27 This allows for improved prevention measures that 

decrease the spread of C. auris and other MDROs, as other healthcare facilities can target their 

screening and/or presumptive isolation to include patients transferred from these facilities 

associated with a high prevalence of C. auris or other MDROs. 

 Overall, because the current study was conducted in a short time-frame with a small 

sample of patients, the findings are limited in guiding conclusions regarding what clinical factors 

are associated with an increased risk of C. auris colonization or infection in acute rehabilitation 

inpatients. Despite these limitations, the current study aids in hypothesis generation and provides 

guidance for future areas of research concerned with identifying risk factors for C. auris. Thus, it 

is important that future studies when investigating C. auris risk factors consider study designs 

over a longer period of time with a larger sample of patients in order increase the power of the 

study to detect an association.  

Additionally, it is important that future research continues to investigate the prevalence 

and spread of C. auris in the setting of acute rehabilitation hospitals. A lot of the current research 

investigates MDROs and other HAIs within either long-term care facilities, such as SNFs and 

LTACHs, or ACHs. While the knowledge generated from this research is valuable for acute 

rehabilitation hospitals, because they share many patients with these facilities, it is not known to 

what extent these findings are generalizable to ARF inpatients. The mission of rehabilitation 

hospitals is to improve patients daily life and functioning by helping patients increase or regain 

their independence. As a result, many rehabilitation hospitals require a minimum of three hours 
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of physical therapy, occupational therapy, and/or speech therapy daily. In contrast to other 

healthcare settings, there is an increased emphasis on socialization and assimilation within the 

environment, potentially presenting unique challenges with regards to isolation procedures and 

other policies designed to manage and limit the spread of MDROs, such as C. auris. In addition, 

acute rehabilitation inpatients often are medically complex, presenting with severe health 

conditions, comorbidities, and increased dependence on healthcare workers for activities of daily 

livings, all of which are factors often associated with increased risk of MDROs, including C. 

auris. Because of these challenges and the unique mission and design of acute rehabilitation 

hospitals, it is valuable that more research is conducted in this healthcare setting, so that public 

health professionals working in and with rehabilitation hospitals can design prevention efforts 

that improve patient care, uphold employee and patients safety, and better meet the needs and 

goals of rehabilitation facilities and their stakeholders.25 

 

 

 

 

 

 

 

 

 



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

33 

References 

1. National Center for Emerging and Zoonotic Infectious Diseases (NCEZID) [Internet]. 

Atlanta (GA): US Centers for Disease Control and Prevention (CDC); c2019. Candida auris. 

2019 Dec 11. Available from: https://www.cdc.gov/fungal/candida-auris/index.html.  

2. Ostrowsky B, Greenko J, Adams E, et al. Candida auris Isolates Resistant to Three Classes of 

Antifungal Medications. MMWR Morb Mortal Wkly Rep 2020. 2019;69:6–9.  

3. Rossato L, Colombo AL. Candida auris: What Have We Learned About Its Mechanisms of 

Pathogenicity?. Front Microbiol. 2018 Dec 12; 9:3081. 

4. Lee WG, Shin JH, Uh Y, Kang MG, Kim SH, Park KH, et al. First three reported cases of 

nosocomial fungemia caused by Candida auris. J Clin Microbiol. 2011; 49:3139–3142.  

5. Sarma S, Kumar N, Sharma S, Govil D, Ali T, Mehta Y, et al. Candidemia caused by 

amphotericin B and fluconazole resistant Candida auris. Indian J Med Microbiol. 2013; 

31:90–91. 

6. Chowdhary A, Anil Kumar V, Sharma C, Prakash A, Agarwal K, Babu R, et al. Multidrug-

resistant endemic clonal strain of Candida auris in India. Eur J Clin Microbiol Infect 

Dis. 2014; 33:919–926.  

7. Calvo B, Melo AS, Perozo-Mena A, Hernandez M, Francisco EC, Hagen F, et al. First report 

of Candida auris in America: Clinical and microbiological aspects of 18 episodes of 

candidemia. J Infect. 2016; 73:369–374. 

8. Schelenz S, Hagen F, Rhodes JL, Abdolrasouli A, Chowdhary A, Hall A, et al. First hospital 

outbreak of the globally emerging Candida auris in a European hospital. Antimicrob Resist 

Infect Control. 2016; 5:35. 



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

34 

9. Morales-Lopez SE, Parra-Giraldo CM, Ceballos-Garzon A, Martinez HP, Rodriguez GJ, 

Alvarez-Moreno CA, et al. Invasive Infections with Multidrug-Resistant Yeast Candida 

auris, Colombia. Emerg Infect Dis. 2017; 23:162–164.  

10. Vallabhaneni S, Kallen A, Tsay S, Chow N, Welsh R, Kerins J, et al. Investigation of the 

First Seven Reported Cases of Candida auris, a Globally Emerging Invasive, Multidrug-

Resistant Fungus-United States, May 2013-August 2016. Am J Transplant. 2017; 17:296–

299. 

11. Satoh K, Makimura K, Hasumi Y, Nishiyama Y, Uchida K, Yamaguchi H. Candida auris, a 

novel ascomycetous yeast isolated from the external ear canal of an inpatient in a Japanese 

hospital. Int J Microbiol Immunol Res. 2009; 53:41–44. 

12. Kim MN, Shin JH, Sung H, Lee K, Kim EC, Ryoo N, et al. Candida haemulonii and closely 

related species at 5 university hospitals in Korea: identification, antifungal susceptibility, and 

clinical features. Clin Infect Dis. 2009; 48:e57–e61. 

13. Chowdhary A, Sharma C, Duggal S, Agarwal K, Prakash A, Singh PK, et al. New Clonal 

Strain of Candida auris, Delhi, India. J Emerg Infect Dis. 2013; 19:1670–1673.  

14. Prakash A, Sharma C, Singh A, Kumar Singh P, Kumar A, Hagen F, et al. Evidence of 

genotypic diversity among Candida auris isolates by multilocus sequence typing, matrix-

assisted laser desorption ionization time-of-flight mass spectrometry and amplified fragment 

length polymorphism. Clin Microbiol Infect. 2016; 22:277.e1–277.e9.  

15. Lockhart SR, Etienne KA, Vallabhaneni S, Farooqi J, Chowdhary A, Govender NP, et 

al. Simultaneous Emergence of Multidrug-Resistant Candida auris on 3 Continents 

Confirmed by Whole-Genome Sequencing and Epidemiological Analyses. Clin Infect 

Dis. 2017; 64:134–140.  



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

35 

16.  Cortegiani A, Misseri G, Fasciana T, Giammanco A, Giarratano A, Chowdhary A. 

Epidemiology, clinical characteristics, resistance, and treatment of infections by Candida 

auris. J Intensive Care. 2018 Oct 29; 6:69. 

17. National Center for Emerging and Zoonotic Infectious Diseases (NCEZID) [Internet]. 

Atlanta (GA): US Centers for Disease Control and Prevention (CDC); c2019. Identification 

of Candida auris. 2019 October 16. Available from: https://www.cdc.gov/fungal/candida-

auris/index.html. 

18. Adams E, Quinn M, Tsay S. Candida auris in Healthcare Facilities, New York, USA, 2013-

2017. J Emerg Infect Dis. 2018; 24(10):1816-1824.  

19. Paul P, Forsberg K, Vallabhaneni S, Lockhart SR, Litvintseva AP, Kerins JL, Tang AS, 

Jegede O, Barret PM, Ross K, Slayton R. Transmissibility of Candida auris by Type of 

Inpatient Healthcare Facility. Open Forum Infect Dis. 2018; 5(Suppl 1):S386–S387.  

20.  Ruiz-Gaitán A, Moret AM, Tasias-Pitarch M, Aleixandre-López AI, Martínez-Morel HR, 

Calabuig E, Salavert-Lletí M, Ramírez P, López-Hontangas JL, Hagen F, Meis JF, Mollar-

Maseres J, & Pemán J. An outbreak due to Candida auris with prolonged colonisation and 

candidaemia in a tertiary care European hospital. Mycoses. 2018; 61:498–505. 

21.  Illinois Department of Public Health (IDPH) [Internet]. Chicago (IL): c2019. Candida auris 

(C. auris). 2019, October 31. Available from: http://www.dph.illinois.gov/topics-

services/diseases-and-conditions/infectious-diseases/candida-auris 

22. De Cássia Orlandi Sardi J, Silva D, Soares Mendes-Giannini M, Rosalen P. Candida auris: 

Epidemiology, risk factors, virulence, resistance, and therapeutic options. Microbial 

Pathogenesis. 2018; 125:116-121. 



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

36 

23. Rudramurthy SM, Chakrabarti A, Paul RA, Sood P, Kaur H, Capoor  MR, Kindo AJ, Marak 

RSK, Arora A, Sardana R, Das S, Chhina D, Patel A, Xess I, Tarai B, Singh P, Ghosh A. 

Candida auris candidaemia in Indian ICUs: analysis of risk factors. J Antimicrob Chemother. 

2017; 72:1794 –1801. 

24. Ezike NO. Illinois Department of Public Health (IDPH) [Internet]. Springfield (IL): c2019. 

IDPH Candida auris Health Advisory April 2019. 2019 April. 

25. McKinnell JA, Singh RD, Miller LG, Kleinman K, Gussin G, He J, Saavedra R, Dutciuc TD, 

Estevez M, Chang J, Heim L. The SHIELD Orange County Project: Multidrug-resistant 

organism prevalence in 21 nursing homes and long-term acute care facilities in Southern 

California. Clin Infect Dis. 2019 Oct 15; 69(9):1566-73. 

26. Association for Professionals in Infection Control and Epidemiology (APIC) [Internet]. 

Infection Prevention and You. 2019. Available from: https://professionals.site.apic.org 

27. Crary MA, Carnaby-Mann GD, Groher ME. Initial psychometric assessment of a functional 

oral intake scale for dysphagia in stroke patients. Arch Phys Med Rehabil. 2005; 86:1516-

1520.  

28. Healthcare Infection Control Practices Advisory Committee (HICPAC) [Internet]. Atlanta 

(GA): US Centers for Disease Control and Prevention (CDC); c2019. 2019 November 8. 

Available from: https://www.cdc.gov/hicpac/. 

29. Mascitti H, Duran C, Nemo EM, et al. Factors associated with bacteraemia due to multidrug-

resistant organisms among bacteraemic patients with multidrug-resistant organism carriage: a 

case control study. Antimicrob Resist Infect Control. 2018 Sep 29; 7:116.  



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

37 

30. Dumyati G, Stone ND, Nace DA, Crnich CJ, Jump RL. Challenges and Strategies for 

Prevention of Multidrug-Resistant Organism Transmission in Nursing Homes. Curr Infect 

Dis Rep. 2017;19(4):18.  

31. Patel PK, Mantey J, Mody L. Patient Hand Colonization With MDROs Is Associated with 

Environmental Contamination in Post-Acute Care. Infect Control Hosp Epidemiol. 2017; 

38(9):1110–1113.  

32. Tilg H, Moschen AR. Food, Immunity, and the Microbiome. Gastroenterology. 2015; 

148(6):1107–1119. 

33. Cataldo MC, Bonura C, Caputo G, Aleo A, Rizzo G, Geraci DM, Calà C, Fasciana T, 

Mattaliano AR, & Mammina C. Colonization of pressure ulcers by multidrug-resistant 

microorganisms in patients receiving home care. Scand Journal Infect Dis. 2011; 43(11-

12):947–952. 

 

 

 

 

 

 

 

 

 

 



C. AURIS AMONG ACUTE INPATIENT PHYSICAL REHLABILITATION  

 

38 

Appendix 

Tables:  

 

Table 1: Demographics and Characteristics of Study Population 

Patient characteristics 
(n=205) 
Age in years Mean (sd) 60 (17)
Gender
Male
Female 

Number (%)
134 (65.37)
71 (34.63 )

Admitting Facility
Other
LTACH
SNF

Number (%)
162 (79.02)
33 (16.10)
10 (4.88)

Hospital Service 
Stroke
Brain Injury
Spinal Cord Injury
Medically Complex
Other
Neuro
Orthopedic 
Cardiac
Major Multiple Trauma

Number (%)
39 (19.02)
38 (18.54)
35 (17.07)
25 (12.20)
19 (9.27)
15 (7.32)
14 (6.83)
11 (5.37)
9 (4.39)

White Blood Count Median (Min-Max) 7.35 (1.5 - 20.9)

Candida auris Positive Number (prevalence per 100) 11 (5.37)
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Table 2: Prevalence and Odds Ratios (OR) of C. auris by Risk Factor 

Risk Factor Prevalence of exposure 
among positive patients OR(CI)

Care Location
25
24
23
22
21
20
19
18

0
0.3636
0.1818
0.1818
0
0.1818
0.0909

-
2.60 (0.72-9.35)
1.50 ( 0.31- 7.36)
0.46 (0.10-2.21)
-
2.47 (0.49-12.43)
0.87 (0.11-7.16)
-

Device
Feeding Tube
Tracheostomy
Mechanical Ventilation
Central Line

0.5454
0.2727
0
0.1818

1.82 (0.54-6.18)
1.83 (0.46-7.26)
-
0.91 (0.19-4.40)

Non Intact Skin 0.8182 1.40 (0.29-6.71)

Pressure Injuries (PI)
PI

Multiple PIs 
0.3636

0.1881
0.61 (0.17-2.14)

1.24 (0.26-5.95)

Wounds 0.7273 1.87 (0.48-7.27)

MDROs 0.8182 6.55 (1.38-31.13) * 

* Confidence Interval (CI) does not include 1.0; statistically significant 
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Table 3: Count and Percentage of MDRO Cases 
(n=116) by Organism

Count % of all 
MDROS

MRSA 25 22%
VRE 33 28%
CRE 11 9%
ESBL 14 12%
CDI 15 13%
OTHER MDROS 18 16%

Table 4: Frequency Table for Stage of Most Severe Pressure Injuries for those Presenting 

with at least 1 Pressure injury (n=98)

Frequency f Relative Frequency 

rf=f/n
Percentage Frequency

p= 100 * rf

CA + CA- CA + CA- CA + CA-

Stage1 0 17 0.00 0.173 0.00 17.3
Stage 2 2 27 0.020 0.276 2.0 27.6
Stage 3 4 4 0.041 0.041 4.1 4.1

Stage 4 1 11 0.010 0.112 1.0 11.2
Suspected Deep 

Tissue Injury

0 16 0.00 0.163 0.00 16.3

Unstageable 0 19 0.00 0.194 0.00 19.4
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Table 5: Prevalence and Odds Ratio for C. auris among Risk Factors when Excluding 
Cases Presenting with Another Risk Factor
Risk Factor Exclusion 

Risk Factor 
Count of 
Positive 
Patients

Prevalence of 
Exposure 
among Positive 
Patients 

OR(CI)

PI Feeding 
Tube

4 0.36 4.36 (0.47-40.16)

Feeding 
Tube

PI 6 0.5454 9.38 (1.09-80.96)*

* Confidence Interval (CI) does not include 1.0; statistically significant 
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Figures:  

Figure 1:  

 

Figure 2:  
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Figure 3: 

 

Figure 4:  
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