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INTRODUCTION 
 
 
 Candida albicans(C.albicans) is the most prevalent fungal species of the 

human microbiota present in the oral cavity, the gastrointestinal and 

genitourinary tracts of healthy individuals
1
. Other species such as C.glabrata, 

C.tropicalis and C.dubliniensis are less commonly isolated. Candida auris 

(C.auris) is an emerging, multidrug resistant, fungal pathogen that has been 

detected throughout the world in less than a decade following its first isolation in 

2009. C.auris isolates are highly resistant to fluconazole and is phenotypically 

close to C. haemulonii. C.auris is of concern to the public health agencies 

because it has the potential to trigger worldwide emergence of C. auris 

infections
2
. Therefore, identification of C.auris is important to prevent outbreaks 

and enable appropriate early antifungal therapy for infected patients
3
.   

          C.auris was first isolated from an external ear canal from a 

Japanese in the year 2009 
4,

 but the earliest known infection has been 

documented in South Korea in 1996.Subsequently in the year 2004-2006
5
 and 

2011
6
 there were occurrences in Korean hospitals. First reports of multidrug 

resistant C.auris was reported in India in 2013
7
. C.auris has been misdiagnosed 

as C.haemulonii , C.famata, C.guilliermondii, C.lusitaniae, C.parapsilosis, 

C.sake, Rhodotorula glutinis and Saccharomyces cerevisiae due to similar 

genomic reads
8
. So, the prevalence of C.auris is significantly underestimated due 

to unreliable identifications
9
. 

                                                                                                            

      C.albicans is the most commonly isolated species from 

immunocompromised individuals who are hospitalized, diabetic or Human 

immunodeficiency virus (HIV) positive individuals. C.albicans has also been 
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isolated from denture wearers
10

.The risk factors for C.auris include 

immunosuppressed state, urinary catheters, diabetes mellitus, intensive care unit 

admission and exposure to broad spectrum antibiotics
3 

.To the best of our 

knowledge, C.auris has not been identified in salivary samples from India or 

other parts of the world but has been reported only from blood cultures
11

.                  

The existence of C.auris in oral cavity of apparently normal patients                

have also not been reported. Due to lack of biochemical distinctions,            

molecular biology remains the only viable means of distinguishing             

C.auris from other candida species. Real time polymerase chain                       

reaction has been used of diagnosis of C.auris using the forward                              

and reverse primers 5’CGCACATTGCGCCTTGGGGTA3’ and 

5’GTAGTCCTACCTGATTGAGGCGAC3’
12

. Hence, we wanted to study if 

candida auris can be isolated from saliva using these primers in RT PCR.  

            The present study was done to ascertain the presence of C. auris 

from saliva in immunocompromised individuals, denture wearers and in normal 

individuals using RT PCR.         

 

 

 

 

 

 

 



 

                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Aim & Objectives



Aim and Objectives 

3 

 

AIM:   

To identify the presence of C. auris in the saliva of HIV patients, denture 

wearers and in normal individuals 

 

 OBJECTIVES:  

• To evaluate the presence of C. auris in the saliva of HIV patients, in the 

saliva of denture wearers and normal individuals by quantitative real time 

polymerase chain reactions (RT-PCR) 

• To compare the presence of C. auris in the saliva of HIV patients, denture 

wearers and in normal individuals  

 

HYPOTHESIS (NULL): 

There is no difference in C. auris present in HIV, denture wearers and in     

normal individuals. 
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STUDY DESIGN: Cross sectional 

 

STUDY GROUPS:  

a. HIV patients (n=10)  

b. Denture wearers (n=10) 

 

c. Normal individuals (n=10) 

 

 

 

Inclusion criteria: 

 

• Volunteers of age 24-75 years who were seropositive for HIV infection  

• Patients who were partial or full denture wearers who did not have 

clinical candidiasis                      

• Normal patients who were willing to participate in the study          

 

Exclusion criteria:  

• Patients on antifungal therapy.  

• Pregnant women.  

• Individuals unwilling to participate in the study. 

 

STUDY SETTING: 

• This study was approved by the Institutional Ethics Board of Ragas 

Dental College and Hospital, Chennai. (ANNEXURE I and 

ANNEXURE II). 

• An informed consent formatted for both cases and controls were 

obtained from the patient (ANNEXURE III). 
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STUDY SAMPLE: Denture wearers, HIV patients and Normal individuals 

                                                                                                           

SALIVA SAMPLE COLLECTION 

A. Armamentarium 

1. Pre-sterilized 50 ml graduated centrifuge tube 

2. Gloves 

3. Mask 

4. Case sheet (Annexure IV) 

5. Sharpie permanent marker 

6. Consent form (Annexure III) 

7. Patient apron 

 

B. Patient Instruction 

o Do not eat or drink anything but water 1 hour prior to sample collection 

o Rinse oral cavity with drinking water (room temperature) 1 hour prior to 

sample collection 

 

 C. Collection 

 

o 5ml of saline to be swished around oral cavity for 30 seconds 

 

o To spit the entire content into the sterile graduated centrifuge tube 

o The containers with the samples to be labelled. Labels should include the 

following details    

• Name of the patient 

• Age/Gender 

• Case code  

• Time of collection 
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D. Transport 

To be carried in an ice box. Temperature 3º to 5º C 

 

E. Storage 

Refrigerated between 2º C to 4ºC 

                                                                                                             

 

DNA EXTRACTION 

 

The DNA extraction of candida was performed using QIAamp Tissue protocol 

(Qiagen). Salivary samples were centrifuged at 8000rpm for 5mins at room 

temperature. Spheroplasts were directly generated by incubation of the pellets with 

500 µl lyticase buffer containing 200 U/ml lyticase (cat# L-2524, Sigma-Aldrich, 

USA), 50 mM Tris pH 7,5, 10 mM EDTA (cat# V6231, Promega, USA) and 28 

mM Dithiothreitol (cat# 10197777001, Sigmal-Aldrich, USA) for 30 min at 37°C. 

The spheroplasts were then collected by centrifugation at 13000 ×g for 10 min, 

and resuspended in 180 µl buffer ATL and 20 µl proteinase K provided in the 

QIAamp DNA mini kit (cat# 51304, Qiagen, Germany) and incubated at 55° for 

15 min to initiate lysis of spheroplast. The chromosomal DNA is released into the 

lysate during this step. The DNA present in the lysate was extracted with DNA 

spin column-based protocol as per instructions provided in the QIAamp DNA mini 

extraction kit. The total amount of DNA present in each of the sample was 

quantified with Qubit fluorometer (Life Technologies, USA).     

 

Establishment of standard: In order to quantitatively determine the copy 

numbers of Candida auris (among the samples), a standard curve was established  
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with serial dilutions of PCR product,amplified with Candida auris specific 

sequence Forward: CGCACATTGCGCCTTGGGGTA, and Reverse: 

GTAGTCCTACCTGATTTGAGGCGAC. Genomic DNA isolated from a sample 

with positive presence of Candia auris was used template. The following 

amplification condition was used after an initial denaturation at 95°C for 10 min, 

samples were amplified for 35 cycles at 95°C for 30 seconds, 55°C for 30 seconds 

and 72°C for 30 seconds with a final extension at 72°C for 4 minutes. The 

amplification produced a 163 base pair PCR product. 

           
In order to purify the Candida auris PCR amplicon, the PCR product was gel 

purified (cat#NA1111, Sigma-Aldrich, USA) and eluted in 40µl of elution buffer. 

The concentration of gel eluate was determined by quantifying 1µl of the eluate by 

Qubit fluorometer (Invitrogen, Austria) using QuantiFluor ONE dsDNA system 

(cat#E4871, Promega, USA). Copy number of PCR amplicons present in 

nanograms of gel eluate was determined by using the following formula: 

(nanograms per microliter) x 6.022 x 1023 / (length of amplicon in base pairs) 

x 1 x 109 x 650 

After determining the copy numbers, serial dilutions of the Candida auris eluate 

was made to obtain concentrations from 1 x 106 to 1 x 101. These serial diluted 

samples were then analyzed by realtime PCR in the presence of QuantiNova SYBR 

Green PCR Kit (Cat#208052, Qiagen, Germany) in Qiagen 5-plex rotor gene real 

time PCR system to establish a linear standard graph. The following amplification 

condition was used: after an initial denaturation at 95°C for 5 minutes, the 

standards were subjected to 40 cycles of amplification at 94°C for 20s, 55°C for 
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15s to 50s, 72°C for 10s. Linear standard curve thus obtained was stored in the 

system to be used as reference during sample amplification process  

In order to identify the quantitative presence of C. auris, 10ng of total DNA 

isolated from the saliva of HIV patients, denture wearers or normal control subjects 

was subjected to real  time  PCR  amplification  protocol  with  a  pair  of  C. auris  

specific  primers  (as  described above in the establishment of standards section). 

The amplification reactions were performed in a 20µl reaction volume with 10µM 

of each of the above primers in the presence of SYBR green RT-Master Mix (Cat# 

RR820A, Takara Clontech, Japan) in Rotor Gene Q real time PCR equipment 

(Qiagen, Germany). The following amplification condition was used: after an 

initial denaturation at 95°C for 10 min, samples were amplified for 25 cycles at 

94°C for 20s, 55°C for 15s to 50s, 72°C for 10s. 
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Candida auris  

Satoh et al. (2009), first described C. auris, found that it clustered in the 

Metschnikowiaceae clade. It was closely related to Candida lusitaniae, Candida 

pseudohaemulonii, Candida duobushaemulonii and Candida haemulonii4. 

Candida haemulonii was first isolated from the gut of a blue-striped grunt fish 

(Haemulon scirus), and later from the blood of a renal failure patient by Cendejas-

Bueno et al.in 201213. C. auris has been recovered in samples from blood, catheter 

tips, cerebrospinal fluid, bone ear discharge, pancreatic fluid, pericardial fluid, 

peritoneal fluid pleural fluid, respiratory secretions (including sputum and 

bronchoalveolar lavage), skin and soft tissue samples (both tissue and swab 

cultures), urine and vaginal secretions. Clinically, it has implicated as a causative 

agent in fungemia, ventriculitis, osteomyelitis, malignant otitis (including 

otomastoiditis), complicated intra-abdominal infections, pericarditis, complicated 

pleural effusions, and vulvovaginitis Satoh et al.,20094; Kim et al.,20095;Sarma et 

al.,201314; Magobo et al.,201415; Emara et al.,201516 Schelenz et al., 201617; 

Calvo et al., 201618; Vallabhaneni et al.,201619;Morales-Lopez et 

al.,201720Lockhart et al.,201721; Ruiz Gaitan et al.,201722; Ben Ami et 

al.,201723;Al-Siyabi et al.,201724; Borman et al.,2016; 25 Lee et al.,20116; Khillan 

et al.,201426 Choi et al.,201727; Chowdhary et al.,201728; Tsay et al.,201729.Much 

like other Candida species, there is uncertainty about the ability of C. auris to cause 

true respiratory, urinary, and skin soft tissue infections despite being isolated from 

such samples. 
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Morphology, Structure and Clonal nature of Candida auris 

The size [(2.0-3.0) x (2.5x5.0) µm] and growth rate of C. auris is 

comparable to C. glabrata than to C.albicans (Borman et al., 2016)25, although its 

growth patterns are similar to C.albicans(Larkin et al.,2017)30.                                                                                                 

Amplified fragment length polymorphism (AFLP) analysis of C.auris 

strains by Chowdhary et al in 2014, revealed the presence of endemic clonal strain 

suggesting widespread transmission30.                                                              

Borman et al (2016) have reported two morphology of C.auris aggregating 

and non-aggregating cells. Non-aggregating cells are more pathogenic and virulent 

than aggregating cells 25. Whole genome sequencing data shows C. auris to be 

close phylogenetic relative of C. lusitanea species recognized for intrinsic 

antifungal resistance by Chowdhary et al 31. 

           Chatterjee et al32 in found a significant percentage of genes in C. auris are 

devoted to central metabolism, a property that is common to pathogenic Candida 

and crucial for adaptation to divergent environments. In addition, C. auris shares 

numerous virulence attributes with C. albicans, including genes and pathways 

involved in cell wall modelling and nutrient acquisition, histidine kinase-2 

component systems, iron acquisition, tissue invasion, enzyme secretion, and 

multidrug efflux. However, in vitro results in a single study by Larkin et al in 

201730 that tested the production of phospholipase and secreted proteinase in 

multiple isolates of C. auris from different geographical regions showed, that both 

secreted proteinase and phospholipase was strain dependent. The phospholipase 

activity and secreted proteinase were detected in 37.5% and 64% of the tested 

isolates, respectively. In general, the tested C. auris strains tended to have weak 
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phospholipase activity, with the majority of isolates being non-phospholoipase 

producers. 

                   In a study by Borman et al 201625 Galleria mellonella model 

(honeycomb moth), the aggregate-forming isolates exhibit significantly less 

pathogenicity than their non-aggregating counterparts. Importantly, the non-

aggregating isolates exhibited pathogenicity comparable to that of C.albicans, 

which is the most pathogenic member of the genus.      

Furthermore, the virulence of C. auris tested by Borman et al 201625 in a mouse 

model of hematogenous-disseminated candidiasis showed distinct yeast cell 

aggregates in mice, with lethal C.auris infection suggesting that aggregation might 

be a mode of immune evasion and persistence in tissue .                                                                                      

 

MICROBIOLOGY 

Candida auris developed pink colour on CHROMagar medium. All C. 

auris isolates assimilated N-acetyl glucosamine (NAG)7.  

Kumar et al in 2017 did a study on CHROMagar Candida medium 

supplemented with Pal’s agar, all C.auris strains showed confluent growth of white 

to cream colored smooth colonies at 37ºCand 42ºC after 24 and 48 h incubation 

and did not produce pseudohyphae. The isolates of the C.haemulonii complex, on 

the contrary, showed poor growth of smooth, light-pink colonies at 24 h while at 

48 h the growth was semiconfluent with the production of pseudohyphae33. 

The thermoresistance that allows C. auris to grow between 37º-42ºC is a 

unique characteristic that is unseen in other Candida species was reported by 

Borman et al25. This characteristic can be used in the easy identification of this 
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pathogen from other species and has been cited as a possible reason for the high 

survival of this pathogen in humans and its potential to survive in avian species 

25. Welsh et al 2017 reported that this thermoresistance will also enhance   

persistence in the host, aiding in the dissemination of this pathogen in the 

environment 34                                                                            

The difference between sugar fermentation and assimilation, nitrogen 

sources utilization, and high salt tolerance in C. auris and other species of Candida, 

has further been used by Welsh et al.2017 34 to formulate a highly sensitive and 

specific Salt Sabouraud dextrose/dulcitol/mannitol and Salt Yeast Nitrogen Based 

dulcitol/mannitol broths that can easily isolate C. auris from clinical and 

environmental specimens. Moreover, the inability of C.auris to grow on 

cycloheximide-containing medium(0.1%-0.01%) could be a marker for the 

identification of this pathogenic yeast. The phenotypic and biochemical 

characteristics of C. auris, can be used in designing novel media and identification 

kits to enhance the early and efficient detection of this yeast, particularly when 

misidentification is a major problem with C.auris infection(European Centre for 

Disease Prevention and Control,201635. 

Carriage of Candida in denture wearers 

A study was conducted by Nayak et al 2012 to isolate, quantify, and 

speciate candida species in non-denture wearers (controls) and denture wearers 

(study group) by the oral rinse technique. Isolation was done using Sabouraud 

dextrose agar (SDA). Speciation was done using conventional methods like the 

germ tube test, carbohydrate fermentation test, urease test, as well as the CHROM 

agar method. C. glabrata was the most commonly found species among denture 
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wearers and non-denture wearers both by conventional and CHROM agar 

method12  

                                                                          

Carriage of Candida species in oral cavities of HIV infected patients: 

NAC (Non albicans Candida) species were detected in (10.3%) HIV infected 

individuals <compared to (4.4%) of non-HIV infected. In HIV infected 

individuals, commonly isolated Non albicans species were C. 

tropicalis,10(2.8%),C.krusei (Issatschenki  orientalis)9(2.6%) and C.glabrata 

8(2.3%)36.In Fetter et al reported that a high rate of asymptomatic oral candida 

carriage was significantly associated with CD4 cell counts<400 x10⁶/L(36).In 2002 

Giuseppina et al found that asymptomatic candida carriage were found to be 

significantly higher in HIV+ subjects37. In a study conducted by Ranganathan et 

al in 2004 the male-to-female ratio was 3.4:1, and 95% of the patients had acquired 

infection via heterosexual contact 38. Majority of the patients (84%) were in the 

21- to 40-year-old age groups. Pulmonary tuberculosis (12%) was the most 

common systemic finding. Oral lesions were seen in 86.6% of the patients. 

Gingivitis (72.3%) and periodontitis (33.2%) were the most common lesions 

followed by oral pigmentation (26.3%), oral candidiasis (23.8%), angular cheilitis 

(7.9%), oral ulcers (3.3%), oral hairy leukoplakia (2.1%), oral submucous fibrosis 

(0.9%) and leukoplakia (1.5%). The prevalence of oral candidiasis, periodontitis 

and oral hairy leukoplakia was higher in males than in females 38. In 2016 Masha 

et al found predominance of non-albicans Candida spp.colonization in HIV 

infected individuals and low CD4 counts predicts colonization of non-albicans 

Candida spp(39).  



 Review of literature 

14 
 

Oral Candida isolates in patients undergoing radiotherapy for head and 

neck cancer: 

In a study done Belazi et al 40 oral pseudomembranous candidiasis and mucositis 

were assessed in 39 patients receiving total dose of 39-70 Gy radiotherapy for head 

and neck cancer. Mucositis was scored using the Radiation Therapy Oncology 

Group criteria 41, and oral candidiasis was diagnosed on the basis of clinical 

evaluation and quantitative laboratory findings. Radiation-induced mucositis was 

observed in 9/39 patients. Only 3/39 patients discontinued radiotherapy due to 

acute severe mucosal effects. Candidiasis (colony-forming units 35 to 60/lesion) 

associated with mucositis was diagnosed in 30/39 patients: the most frequent 

aetiology of the infection was Candida albicans(n=23), followed by Candida 

glabrata(n=3), Candida krusei(n=2), Candida tropicalis(n=1) and Candida 

kefyr(n=1)39.   

 

Epidemiology 

C. auris was first reported in 2009 as an infectious agent from a patient’s 

ear in Japan, by Satoh and Makimura4. Analyses of the 26 rDNA D1/D2 domain, 

nuclear ribosomal DNA ITS (internal transcribed region sequences), and 

chemotaxonomic studies indicated that this strain represents a new species with a 

close phylogenetic relationship to C. ruelliae and C. haemulonii in the 

Metschnikowiaceae clade. This strain grew well at 40ºC, but showed slow and 

weak growth at 42ºC.The taxonomic description of Candida auris sp.nov. was 

proposed (type strain JCM15448T=CBS10913T=DsM21092)4.   

Subsequently it was recovered from 15 ear samples from 5 Korean 

hospitals and identified as causative agent of otitis media5. These yeast isolates had 
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phenotypic similarity to C.haemulonii and were less susceptible to amphotericin B 

(AMB) and fluconazole (FLU) than most of the other Candida species. However, 

a retrospective review of Candida strain collections in South Korea revealed that 

the earliest known strain of C.auris dated back to 1996 and was isolated from the 

blood of a pediatric patient41. 

The potential of C.auris to cause invasive infections was recognized after 

it was identified in the blood of 3 South Koreans with septicaemia in 20116. A rare 

case of pericarditis due to C.auris was reported in a patient with chronic liver 

disease in India 2014 by Khilian et al 42. The first outbreak of C.auris in America 

was reported in Venezuela from March 2012 to July 2013. The outbreak occurred 

in a tertiary care hospital in Maracaibo. Eighteen patients  were involved and all 

the isolates were initially identified as C.haemulonii but were later confirmed as 

C.auris on sequencing17. The isolates were resistant to voriconazole and 

fluconazole and half of the isolates showed elevated minimum inhibitory 

concentration. In Colombia, isolated cases of infection have been reported from 

various cities since 2013.  

Between 2015 and 2016 the city of Barranquilla reported 27 isolates of 

C.auris. In August 2016, an outbreak was reported in a paediatric intensive care 

unit in Cartanga. Five cases of disseminated infection due to C.auris were 

identified. These isolates were initially identified as C.albicans, C.guillermondi 

and Rhodotorula rubra but later confirmed as     

C.auris41.The largest outbreak of C.auris in Europe occurred in a cardiothoracic 

center in London between April 2015 and July 2016.17 Infections due to C.auris 

have also been reported from countries like South Africa, Kuwait, Pakistan, Kenya 

and Israel by Sarma et al43. Meta-analysis by OseiSekyere et al showed that atleast 
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742 C. auris isola tes have been reported in 16 countries, with majority from 

India(≥243),USA(≥232)and UK(≥103) within 2013-201744.The CDC had issued a 

clinical alert to US health facilities regarding the global emergence of C.auris in 

June 201645.  

Nosocomial transmission of Candida auris           

In a study by Schelenz et al C.auris has been isolated from samples taken 

from mattress, bedside table, and bedrail chair. The persistent colonization of 

hospital environments and multiple body sites, leads to high transmissibility and 

pronounced outbreaks17 

In an earlier study, there was a significant association with longer duration 

of central venous lines, urinary catheterization, post-operative drainage in patients, 

and relatively late acquisition of infection after ICU admission; which also 

supported the hypothesis of nosocomial transmission of C.auris in ICUs9. 

Recently, Piedrahita et al. had reported that like other yeasts, C.auris persisted 

better on moist areas compared to dry surface46. In the study by Schelenz et al 

Nystatin was used to clear C. auris from the oral mucosa17. 

Outbreaks 

Survival of C.auris in the hospital environments may be promoted by its 

capacity for salt tolerance and cell aggregation into large and difficult to disperse 

aggregates 22. Inter hospital transmission of C.auris has been reported from a 

hospital in India 7. The majority of C.auris infections published in literature were 

acquired in health care settings. 

The capacity for inter and intra hospital spread combined with multidrug 

resistance suggest that C.auris has characteristics of health care associated 
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pathogen. The continuous carriage for up to three months after initial isolation of 

C. auris has been documented in carriers by Jeffery et al 47. Welsh et al reported 

that C. auris can survive in plastic surface for upto 2 weeks such as found in health 

care settings 34. The contact time for the acquisition of C. auris from a colonized 

patient or environment is suggested to be as little as 4 hour by Schelenz et al 17. 

Sarma et al found that invasive infections have been acquired within 48 hour of 

admission to intensive care settings 41. Various studies have established their 

persistence in clinical environments, including the air and bedding materials, and 

even in patients undergoing antifungal treatment (Schelenz et al.,2016; 

Vallabhaneni et al.,201617,19 

Pathogenesis of Candida auris C.auris can differentially adhere to polymeric 

surfaces, form biofilms and resist antifungal agents that are active against its 

planktonic counterparts of particular interest, caspofungin was inactive against 

C.auris biofilms; this finding was unexpected because caspofungin is normally 

highly effective against Candida biofilms. These features contribute not only to 

C.auris virulence but also to its survival in hospital environments increasing its 

ability to cause outbreaks 48. The ability to adhere to catheter and form biofilm is 

another virulence factor of C.auris. C.auris forms 50% less biofilm compared to 

C.albicans. 

A study examining biofilm formation by Sherry et al 48 compared the 

effects of antifungal and disinfectant agents on planktonic cells and sessile cells of 

biofilms by measuring metabolic activity. Sessile cells were susceptible to only 

liposomal amphotericin B and amphotericin Both at higher concentrations than 

those for planktonic cells, with the former being upto 16mg/litre and the latter 
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being 4mg/litre. Echinocandins were ineffective against biofilms, although 

planktonic cells were susceptible. Both planktonic and sessile cells had raised 

MICs (minimum inhibitory concentration) for fluconazole and voriconazole. 

Chlorhexidine was demonstrated to be active against both planktonic and sessile 

cells at concentration below those used topically for disinfection by Sherry et al 48. 

The significant reductions in the metabolic activity and thickness of C.auris 

biofilms in the presence of SCY-078 highlight the future potential of this new 

therapy30. 

C. auris virulence factors 

Kumar et al. (2015) first undertook phospholipase, proteinase, and 

hemolysin activity assays in C.auris to evaluate their virulence in vitro. 

Phospholipases, proteinases, and hemolysins are important enzymes that are used 

by fungi to invade and infect the host. Moreover, even among strains that did 

express the virulence proteins, the degree of activity was not the same but strain-

specific, showing that not all C.auris strains are virulent/pathogenic or equally 

virulent/pathogenic (49). The phospholipase activity and secreted proteinase were                                                                                                              

detected in 37.5% and 64% of the tested isolates, respectively. In general, the tested 

C. auris strains tended to have weak phospholipase activity, with the majority of 

isolates being non-phospholipase producers.                        

Two representative strains showed relatively poorer adherence to catheters 

than C.albicans, suggesting that adherence to catheters could not be a major 

means/cause of invasive C.auris infections and persistence in patients and 

hospitals(Larkin et al.,2017)27 . There are reports on the clearance of C.auris 
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candidemia upon removal of urinary or central venous catheters from patients 

(Chowdhary et al.,2014; Lee et al., 2011; Ruiz Gaitan et al., 2017)31,6,22 

C. auris shares numerous virulence attributes with C.albicans such as 

nutrient acquisition, histidine kinase-2 component system, iron acquisition, tissue 

invasion,enzyme secretion, multidrug efflux, and genes/pathways involved in cell 

wall modelling and nutrition acquisition. The formation of pseudohyphae and 

germtube is associated with virulence in Candida albicans. The higher virulence 

characteristics of C.auris even in absence of pseudohyphae remain a mystery as 

reported by Sarma et al43. Draft genome of C.auris also revealed a large percentage 

of genes devoted to central metabolism, a property that is crucial for adaptation to 

highly divergent environment as reported by Chatterjee30. Piedrahita et al46 found 

that C.auris persists in a viable form on both moist and dry surface for several 

weeks longer than C. albicans and C.parapsilosis. Jeffery et al found that C.auris 

can colonize and be shed from skin at a rate of 106cells/hour leading to prolonged 

outbreaks and transmission in hospitals47. 

Clinical Features 

Risk factors for C. auris infection appear to be similar to infections from 

Candida in general. These include immunosuppressed state, significant medical 

comordities, central venous catheters, urinary catheters, recent surgery, parental 

nutrition, exposure to broad spectrum antimicrobials, intensive care unit 

admission, and residence in a high-acuity skilled nursing facility (Vallabhaneni et 

al.,2016, Sarma et al and Upadhay et al 2017)19,14. 
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In a case-control study by Rudramurthy et al11 investigating risk factors for 

C.auris fungemia compared to bloodstream infection from other Candida species 

in Indian ICUs, those with C.auris fungemia were more likely to have had longer 

antecedent hospitalizations, underlying respiratory conditions, vascular surgery, 

prior antifungal exposure. Patients with C.auris fungemia in this study were also 

more frequently from public-sector ICUs from the north of India.  

Quorum Sensing in fungi 

Quorum sensing in fungi was reported by Padder et al. Quorum sensing 

(QS), a density-dependent signalling mechanism of microbial cells, involves an 

exchange and sense of low molecular weight signalling compounds called 

autoinducers. With the increase in population density, the autoinducers accumulate 

in the extracellular environment and once their concentration reaches a threshold, 

many genes are either expressed or suppressed.                                                                                                         

This cell density-dependent signalling mechanism mechanism enables 

single cells to behave as multicellular organisms and regulates different microbial 

behaviours like morphogenesis, pathogenesis, competence, biofilm formation, 

bioluminescence, etc guided by environmental cues. Intially, Quorum sensing was 

regarded to be a specialized system of certain bacteria.                                                                                                     

The discovery of filamentation control in pathogenic polymorphic fungus 

Candida albicans by farnestol revealed the phenomenon of Quorum Sensing in 

fungi as well. Pathogenic microorganisms primarily regulate the expression of 

virulence genes using Quorum sensing systems 
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The indirect role of Quorum sensing in the emergence of multiple drug 

resistance (MDR) in microbial pathogens necessitates the finding of alternative 

antimicrobial therapies that target Quorum sensing and inhibit the same. A related 

phenomenon of quorum sensing inhibition (QSI) performed by small inhibitor 

molecules called quorum sensing inhibitors (QSIs) has an ability for efficient 

reduction of gene expression regulated by quorum sensing49. 

Mortality  

The case-fatality rate of Candida bloodstream infection has been reported 

to be around 30 to 40% in previous studies, even in patients receiving antifungal 

treatment. There is currently limited information on the case fatality rate for 

C.auris bloodstream infections due to small number of patients included in 

published case series or outbreak descriptions. 

In the UK outbreak, no fatalities could be directly attributed to C.auris 

infection. In a recent in vitro study, by Borman et al25 the pathogenicity of the most 

virulent C.auris strains was comparable to that of C.albicans. 

Concerns C.auris isolates are Multidrug resistant (MDR) with some stains having 

elevated MICs to all 3 classes of antifungal drugs C.auris isolates are difficult to 

identify using standard laboratory procedures. C.auris has propensity to cause 

outbreaks in health care settings17. 
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Antifungal susceptibility of Candida                                                                                                

At present the mechanism of antifungal resistance in C.auris is unclear. 

The recently published draft genome of C.auris revealed the presence of single 

copies ERG3, ERG11, FKS1, FKS2 and FKS3 genes by Chatterjee et al30.                                                                                              

Detection of azole-resistant mutations by comparing ERG11 amino acid 

sequences between C.albicans and C.auris showed that the alterations at azole-

resistance codons in C.albicans were present in C.auris isolates. These 

substitutions were strongly associated with country wise specific geographic 

clades. Resistance is probably inducible under antifungal pressure, resulting in 

rapid mutational changes. However, future studies with emphasis on several 

molecular mechanisms, including efflux and transporters, could provide insight on 

C. auris resistance. The direct role of efflux pumps in C.auris antifungal resistance 

is yet to be comprehensively characterised although Ben-Ami et al. (2017)20 used 

rhodamine, an efflux substrate, to show that C.auris expressed a higher ABC- type 

efflux pump activity than C. glabrata and C.haemulonii(Ben-Ami et al.,2017)20. 

This higher efflux activity suggested that efflux pumps play an important role in 

C.auris MDR mechanisms, which is corroborated by the several MFS and ABC-

type efflux pumps’orthologous genes identified by Chatterjee et al. (2015)32 in 

C.auris genomes. 

C.auris is the only species in which several isolates with resistance to the 

four classes of antifungals have been identified. It is logical to think that the misuse 

or abuse of antifungals is one of the factors that favour resistance, without ruling 

out the intrinsic resistance. Antifungal resistance was noted to amphotericin B 

fluconazole voriconazole itraconazole and caspofungin. A number of isolates of 
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C.auris have demonstrated raised MICs to a variety of antifungal drugs, raising the 

possibility of pandrug resistance.  

The new 1-3, β-D-glucan synthesis inhibitor SCY-078 has in vitro and in 

vivo activity against a variety of Candida species. Potent activity have been 

demonstrated against C.auris with exposed cells failing to divide48.The order of 

resistance FLU AMP ehinocandins (Arendrup et al 2017)50.Role of mutations in 

genes ERG3 and ERG11 in conferring resistance to azoles has been 

investigated(Lockhart et al 2017)17.                                      

C.auris has emerged as a significant pathogen in tertiary care general 

hospitals and in pediatric centers in north and south India, representing 8.6% to 

30% of cases of candidemia as reported by Rudramurthy et al11. Total parental 

nutrition (TPN) was significantly associated with C.auris candidemia compared 

with non-auris candidemia patients. Longer stay in ICU, underlying respiratory 

illness, vascular surgery and antifungal exposure are major risk factors for C.auris 

infection2. Multiuse patient monitoring device has been identified as a risk factor 

in England by Madder et al51. 3 cases of nosocomial fungemia was reported in 

Korea 2011 by Lee et al6. One patient developed break thorough fungemia while 

receiving FLU (fluconazole) therapy, and two patients who received FLU therapy 

followed by AMB showed therapeutic failure and fatal outcomes. Our cases show 

that C.auris fungemia can be persistent ,despite FLU or AMB therapy, which 

emphasizes the importance of accurately identifying species9. 
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Diagnosis of C. auris infection 

Identification and typing 

          With phenotypic and biochemical methods, including API 20 C, Vitek 2 and 

Microscan ,C.auris isolates have been misidentified as a range of other Candida 

species.Most commonly these isolates have been misidentified as C.haemulonii, 

C.famata, C.sake,  Rhodotorla glutinis, Rhodotorla mucinlaginosa and 

Saccharomyces species. A recent study by Sharma et al29 applying whole genome 

sequencing demonstrated highly related C.auris isolates in four Indian hospitals,  

suggesting clonal transmission.                                                                                                             

A comprehensive study by Kathuria et al9 from India investigated C.auris 

prevalence among 102 clinical isolates previously identified as C.haemulonii or 

C. famata with the VITEK system and found that 88.2% of the isolates were C. 

auris, as confirmed by ITS sequencing.                     

Meanwhile, Lockhart et al. in 201721 from the whole genome sequencing 

found simultaneous emergence of C.auris in ≥4 locations rather then from single 

source; additionally, they also detected mutations in the ERG11 gene that were 

associated with resistance to azoles in each geographic clade. Molecular typing of 

strains performed by CDC suggests isolates are highly related in the United 

Kingdom within a country or region but highly distinct between continents20. 

Sequencing of genetic loci, including D1/D2, RPB1, RPB2 and internal 

transcribed spacer (ITS) domains of the rRNA,has proven useful in the 

identification of C.auris.  However, the ability to easily differentiate between 

geographic                                                          
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clades have been demonstrated with this technology in the United Kingdom within 

a country or region but highly distinct between continents by Borman et al.25 Welsh 

et al. (2017)34.   Recently reported two novel in-house diagnostic broths they 

designed to efficiently screen for and detect C.auris from clinical and 

environmental specimens with relative ease with, 100% specificity and sensitivity, 

and at a low cost. These broths, consisting 10% salt, gentamicin, chloramphenicol 

and either dulcitol, mannitol or dextrose in Sabouraud broth or Yeast Nitrogen base 

(YNB). This could inhibit the growth of all other species when cultivated at 42ºC.                                                                                                                

However, when the Sabouraud broth with dextrose was used and cultured 

at a lower temperature, C.glabrata could also grow as it has high salinity tolerance. 

This easy-to-prepare and cheaper broth has been useful in controlling the spread 

of C.auris in the US and other countries (Welsh et al)34. Early detection of C. auris 

infections has been shown to be beneficial as earlier initiation of appropriate 

antifungal therapy saved many lives (Chowdhary et al., Todd,2017)24,52. 

Commonly used diagnostic tools include PCR, MALDITOF (Matrix assisted laser 

desorption ionization flight of spectrometry. Metanalysis showed that 

conventional PCR was the most used diagnostic tool in terms of number of 

studies28.Whole genome sequencing (WGS) is increasingly being used to aid in 

the simultaneous identification and typing of evolutionary analysis of C.auris 

cases (Chatterjee et al., 2015; Lockhart et al., 2017; Sharma et al., 2016; Tsay et 

al.,2017; Vallabhaneni et al., 2016)32,21,14,2919. Due to its higher resolution, it can 

provide a better evolutionary and epidemiological analysis of C.auris cases than 

all other methods within a comparatively short turnaround time(8-72hr), except 

that it is more expensive and requires higher skill and data processing capacity 

(Lockhart et al.,2017)21. 
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In summary, C.auris cannot be reliably identified by standard biochemical 

identification platforms/kits primarily because of a lack of the organism in their 

databases. Identification of Rhodotorula glutinis by API 20C AUX should trigger 

further investigation if colonies on culture plates are not pink with a negative 

urease reaction. Likewise, identification of C.haemulonii by BD Phoenix and 

Vitek-2 require further testing by DNA sequencing to rule out C.auris. MicroScan 

users may find this especially challenging, since C.auris was misidentified as 

several different Candida species.                                                                                                         

Particular attention needs to be paid to C.famata, since it has microscopic 

features very similar to those of C.auris(e.g,no pseudohyphae production).While 

C.auris is not identified by both the Bruker and Vite-TOF MS systems with FDA-

approved libraries, it can be reliably identified by both MALDI-TOF MS systems 

with an RUO library with C.auris entries. Importantly, however, Bruker MALDI-

TOF MS users must be aware that C.auris could potentially be unidentified if the 

direct onplate extraction methods is used; thus, the full-tube extraction method or 

possibly a partial extraction method should be applied for reliable identification8. 

C.auris infections are usually diagnosed by fungal culture of blood, body 

fluids and pus from the affected site. However, C.auris is more difficult to identify 

from cultures than with other Candia species. There are many challenges in the 

identification of this isolate. Most laboratories worldwide use commercially 

available biochemical-based tests like analytical profile index strips and VITEK 2 

for identification of yeasts. Diagnostic laboratories do not undertake molecular 

identification routinely, which has led to underestimation of actual prevalence of 

this yeast. On microscopy, the isolates are oval without pseudohyphae and are 
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germtube negative. Identification of C. auris should be confirmed using accepted 

methods such as MALDI-TOF or molecular identification techniques such as 

polymerase chain reaction and DNA sequencing as reported by Kathuria et al9 

β-glucan assay 

The β-glucan assay is a method of identification of fungus as reported by 

Aravantis in 2014(55). β-d-Glucan is a major component of the fungal cell wall 

that is found in sera of patients suffering from many different fungal infections, 

including invasive candidiasis, and Pneumocystis jirovecii infection, and thus is 

not specific. Also, dialysis filters made from cellulose are reported to significantly 

increase serum β-glucan concentrations, leading to false positivity of the test. 

Another study suggested the use of this assay for the diagnosis of catheter-

associated candidemia by showing that β-d-glucan was 4 to 10 times more 

abundant in biofilm than in planktonic conditions. Several studies have 

investigated the performance of β-glucan assay for the diagnosis of invasive fungal 

infections in patients with hematologic malignancies. 

The β-glucan test has been associated with a large number of false-positive 

results in this population and is not considered appropriate for screening purposes 

and thus for the selection of patients that need pre-emptive antifungal therapy. The 

sensitivity of the assay is lower for this population than for noncancer patients, 

likely due to the higher rates of colonization of these patients with multiple fungi 

and bacteria that can affect the test results.                                                                                                             

The β-d-glucan assay is often useful in combination with culture. The 

sensitivities of β-d-glucan testing in individual studies have ranged from 55% to 
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95%, and specificities from 77% to 96%, for patients with hematologic 

malignancies who are suffering from invasive aspergilliosis. Note that the 

specificity of this test is lower among certain patient populations, such as dialysis 

recipients and individuals with concurrent Gram-negative bacterial infections53. 

PCR-based assays for the diagnosis of fungal infections 

The use of conventional PCR to amplify the ITS and/or D1/D2 DNA 

sequences, followed by sequencing of the amplicons is currently the gold-standard 

and most commonly used technique to identify, confirm the identity and type 

C.auris strains with 100% specificity and sensitivity, and shorter turn around time. 

A major drawback of all traditional PCR techniques ideveloped as potential fungal 

diagnostic tests is that they do not quantify the amount of amplified DNA. 

Therefore, there is no reliable way to identify the microbial burden within the 

human body. When it comes to invasive fungal infections, this becomes very 

significant, as fungi are frequent colonizers of human surfaces, and this makes it 

impossible to determine if the identified fungal DNA is the result of the 

colonization or does in fact represent an active infection. A solution to the problem 

was given by the development of real-time PCR techniques. As the name suggests, 

real-time PCR is able to quantify the amount of amplified DNA.As a result, real-

time PCR techniques have largely replaced conventional PCR methods in clinical 

laboratories TaqMan based PCR for C.auris targeting the internal transcribed 

spacer 2ITS2 region of the ribosomal gene was described by Leach et al54.The 

assay was highly specific, reproducible and sensitive with the detection limit of 

one C.auris CFU/PCR reaction.  
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The new Real time PCR assay allows for accurate and rapid screening of 

C.auris, and can increase effective control and prevention of this emerging 

multidrug-resistant fungal pathogen in the healthcare facilities. The C.auris real-

time PCR assay was linear over five orders of magnitude, and the limit of detection 

of the assay was one C. auris CFU/PCR reaction using 45 PCR cycles in all three 

extraction processes, confirming the high analytical sensitivity of the real-time 

PCR assay was as highly reproducible as it produced consistent Ct (cycle 

threshold). Ct is defined as the number of cycles required for the fluorescent signal 

to cross the threshold (i.e. exceeds background level) values for a given cell 

concentration on three different days of testing as well as within the same day of 

testing. The percent coefficient of variance (%CV) was less than 5%, confirming 

high reproducibility of the real-time PCR assay. The assay specificity was 

determined by using gDNA from closely distantly related fungal, bacterial, 

parasite, and viral pathogens. The real-time PCR assay was highly specific, as none 

of the other organism cross-reacted, while C.auris belonging to all known 

phylogenetic clades by whole genome sequencing yielded positive results. The 

amplicons covered fragment of 5.8S, ITS2 and a part of 28S ribosomal DNA using 

CauF/Rprimers,which yielded a 163bp long(conventional) PCR amplicon for 

C.auris.Further,CauRe1Rprimers(real-time PCR)selectively amplified regions in 

either C.auris /C.duobushaemulonii,C.haemulonii or C.lusitaniae. The limit of 

detection of these assays were 10CFU/reaction (Ct=28.61±0.87) for C. auris-

related species (Kordalewska et al., 2017)12.   
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Description and challenges of PCR fungal diagnostic assays 

• To understand the challenges associated with PCR-based fungal 

diagnostic assays, we need to discuss their importance technical 

aspects.  

• Clinical samples such as blood often contain only a small number of 

fungal cells; thus, extraction methods must lyse all available fungal 

cells to maximize DNA quantity. Another approach that could increase 

cell quantity involves  

• The use of PCR on preincubated samples. However, preincubation 

requires time for cell growth. The newer methods that can detect a 

very low burden of circulating cells, make preincubation unnecessary.  

• After DNA extraction, purification techniques remove molecules 

other than fungal DNA that would interfere with the PCR reaction 

(eg. haemoglobin inhibits the Taq DNA polymerase). Furthermore, 

human DNA can harbour sequences with the potential to cross-react 

with fungal primers and yield false-positive results. 

• Researchers exploit differences between human and fungal DNA to 

create purification assays enriching for fungal and excluding DNA. 

Contamination with clinically irrelevant fungal DNA is one of the most 

important factors precluding the wide adoption of PCR-based assays, 

especially when using nonsterile specimens or nonspecific primers. 

Automated DNA extraction and purification kits have minimal 

contamination and are reproducible.  
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• Another approach entails the isolation of DNA from invasive fungal 

forms but not from contaminating fungal elements55.             

• Identification of C.auris is important to prevent healthcare related 

outbreaks and enable antifungal therapy implementation of infected 

patients. Kordalewska et al (2017) developed molecular-based 

methods that can quickly and accurately identify C.auris and its related 

species(C.duobushaemulonii, C.haemulonii and C.lusitaniae) using 

clinical isolates with wide spectrum of fungal species.  

• The primers used for C.auris were 5’CGCACATTGCGCCTT4GTA3’ 

and 5’GTAGTCCTACCTGATTTGAGGCGAC3’. the primers used 

for C. duobushaemulonii, C.haemulonii, C.lusitaniae were 

5’GCGATACGTAGTATGACTTGCAGACG3 and 

5’CAGCGGGTAGTCCTACCTGA3’. A 163 bp PCR product specific 

for candida auris were observed for all the 44 C.auris DNA samples. 

For other yeast and mould isolates, no PCR products were 

detected.conventional and realtime PCR assays were used for specific 

identification of C.auris and its related species( C.duobushaemulonii, 

C.haemulonii and C.lusitaniae) within two (realtime PCR and 

colonyPCR)to 2.5(conventional PCR)hours.realtime PCR was 30µl per 

reaction,containing 15µl of 2xone step SYBRprimescript rtPCR kit 

II,1µl of each primer(CauF,CauR or CauRelF,CauRelR) at 10µM and 

2µl of DNA.RT PCR was performed on Mx3005P Qpcr 

system(stratagene).the incubation time was 3min at 95ºC followed by 

30cycles of 15s at 95ºC,20s at 68ºC and 20s at 72ºC and 72ºC for 5min 

for C. auris species. After amplification melting curve analysis was 
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performed for 1min at95ºC and then it was melted from 70 ºC to 95 ºC 

with a ramp rate of 0.2 ºC /sgel electrophoresis (for conventional PCR) 

or melting temperature (Tm) analysis (real-time PCR) was used for 

final confirmation or differentiation of the results respectively59.   

 

Real time PCR 

Rapid real time nucleic acid sequence-based amplification (NASBA) is an 

emerging technology for fungal diagnosis. In contrast to conventional PCR-based 

assays, NASBA detects RNA instead of DNA and works at a constant temperature 

of 41ºC. It also produces an amplified single-sranded RNA, which can be detected 

by molecular beacon fluorescent probes56.                                                                                                   

The real-time PCR yields result within 4 hours of sample processing as 

compared to 4-14 days for culture. The PCR assay was found to be highly specific 

as no cross reactivity occurred. 

 Recently Kordalewska et al described real-time using a probe targeting 

ITS1 and ITS2 region of ribosomal gene followed by melt curve analysis to 

distinguish C.auris from other species 12. Clade specific PCR for C.auris is in 

development and may be useful for the rapid identification of samples of C.auris 

in the future as reported by Jeffrey Smith  et al 47.The                                                             

identification tools such as the MALDI-TOF MS, PCR and WGS are still beyond 

the reach of many mycology laboratories worldwide, defeating efficient and 

prompt detection, earlier initiation of therapy and effective surveillance of C.auris 

in hospitals. Without efficient detection, the true prevalence of this menace will 

never be known, effective management of potential cases will be elusive and 
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mortalities will continually rise. Thus, designing a simple, low-cost detection 

technique, kit or tool with a shorter turnaround ti me is the key to defeating this 

deadly pathogen. In a study by Guo Ninghui et al,201557 Candida strains were 

identified by conventional techniques that use VITEK2YST cards and Matrix -

assisted laser desorption/ionization time of flight mass spectrometry (MALDI-

TOF-MS).  These methods were compared to the newly developed technique 

based on real time polymerase-chain reaction high resolution melting (PCR-

HRM). 

In validation assays, a 100%accuracy rate was achieved by the use of PCR-

HRM. Therefore, the PCR-HRM method is a rapid sensitive and specific 

diagnostic approach, which provides a cost-effective and more suitable alternative 

for   yeast identification in a clinical laboratory. 

Infection Prevention and Control 

All patients known to be infected with C.auris should be isolated, 

preferably in en suite facilities. Persistent colonization for weeks to months after 

isolation is of concern. Interim guidelines recommend periodic reassessment of 

colonization to determine appropriate timing for safe discontinuation of isolation47. 

Screening to determine longitudinal carriage should be undertaken, 

including screening of previously positive patients on readmission to hospital47. 

Guidance for the laboratory investigation, management and infection prevention 

and control for cases of C.auris Public Health England (August 2017)58. 

 

• Isolation of all patients colonised or infected with the organism in a single room, 

ideally with ensuite facilities, wherever possible 
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• Isolation of all patients who have been transferred from an affected UK hospital or 

a hospital abroad until screening results are available 

• Strict adherence to standard precautions including hand hygiene ne using soap and 

water followed by alcohol hand rub on dry hands. 

• Personal protective equipment in the form of gloves and aprons (or gowns if there 

is a high risk of soiling with blood or body fluids, or likely physical contact with 

patient’s skin) these should be donned after hand washing and before entering the 

room or patient area and removed and discarded in the room or patient 

Environment followed by a through hand wash and application of alcohol hand rub 

on dry hands before exit 

• Visors and masks are not routinely required and should be worn only if there is a 

procedural risk of spillage or splashes patients and visitors of infected or colonised  

• patients need to be briefed about the infection (possibly using the patient 

information leaflet) and infection prevention and control precautions reinforced; 

including the need for robust hand hygiene and use of protective aprons 

• Single-patient use items such as blood pressure cuffs and pillows should be 

considered, especially in outbreak situations.  

Colonisation 

              Recommended strategies to prevent/treat colonisation Strict adherence to 

central and peripheral catheter care bundles and care of tracheotomy site Prompt 

removal of venous cannulas if there is any sign of infection Skin decontamination 

with chlorhexidine washes in  

critically ill patients For decolonization of C.auris,patients were prescribed twice 

daily 2%chlorhexidine gluconate washes using single use wipes 
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(Sage,Geneva,Switzerland) or aqueous 4% chlorhexidine formulation, mouth 

washing containing 0.2%  (Corsodyl, GlaxoSmithKline, Brentford UK) or 

chlorhexidine 1% dental gel (Corsodyl) for patients on ventilator support and oral 

nystatin if oropharyngeal colonization was present. 

 

Screening 

Screening sites based on the predilection of Candida species 

• Groin and axilla 

• Nose and throat 

• Rectal swab or stool sample 

• Sputum 

Disinfectants against C. auris 

CDC recommends that a EPA (Enviroment protection Agency) registered 

hospital grade disinfectant effective against Clostridium difficle be used for 

C.auris. Studies have found hydrogen peroxide to be effective against C.auris. 

EPA has released guidance for testing efficacy of liquid antimicrobials against C. 

auris. Daily chlorhexidine washes failed to eradicate C.auris in colonized patients 

in an outbreak in an European hospital17. 

Outbreak Measures 

Various strategies such as multidisciplinary intervention involving 

infectious diseases and infection prevention teams, enhanced infection control 

measures, active surveillance cultures, environmental sampling and patient 

screening have been performed to control outbreaks47.The ECDC (European 

Centre and disease Control) advises active surveillance in contact patients to 

screen C.auris colonization as part of outbreak control measure35. C.auris has been 
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isolated from the axilla and groins of patients and swabbing of these regions are 

recommended for C.auris surveillance(Vallabhaneni et al.,2016; Welsh et 

al.,2017)19,34. In all, these show the ability of C.auris to inhabit and persist in 

various  niches, and corroborates the need to periodically  disinfect healthcare 

settings previously infected with C. auris. 

Terminal clean   

Once the patient has left the environment, a terminal cleaning should be 

undertaken either by using 1,000ppm chlorine-based product or by using hydrogen 

peroxide vapors. All equipments should be cleaned in accordance with 

manufacturers instructions, and where relevant returned to the company for 

cleaning. Particular attention should be paid to cleaning of multiple-use equipment 

(eg,blood pressure cuffs, thermometers, computers on wheels, ultrasound 

machines) from the bed space of an infected /colonized patient. 

Waste and linen disposal 

• Current waste and soiled linen policies as for any other MDR health care 

associated organism should be followed. 

• Appropriate bagging and isolation of soiled linen and waste should be done to 

prevent contamination of the environment 

• Specific attention should be paid in the pediatric and neonatal units during 

disposal of soiled nappies. 

• Soiled material should never be discarded or washed in the clinical handwashing 

sink  

Key Issues 

The key virulence factor of C.auris is biofilm formation resulting in 

invasive infections. 
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• The in- hospital mortality ranges from 30-60% higher in fungemic patients 68%46. 

• The Antifungal stewardship may become increasingly important; in particular, the 

benefits of antifungal prophylaxis may need to be weighed against the increasing 

risk of potential harm in units where C.auris has been seen, and may be promoted 

by widespread use of fluconazole as prophylaxis is the most important step in 

management of C.auris infections3.  

Therapeutic options  

First-line therapy remains an echinocandin. The drug of choice will depend 

on the drug susceptibility report of the isolate. This requires appropriate 

identification of the infecting strain and laboratory determination of the strain’s 

drug susceptibility. Some clinicians prefer to use >1 antifungal drug to treat these 

MDR invasive organisms. There is currently no evidence or experience to support 

combination therapy in invasive infections with this organism, and clinicians are 

advised to make decisions on a case-by-case basis 

Duration of antifungal treatment is similar to that used for infections caused 

by other Candida spp. Treatment for candidemia should be continued for 14 days 

after documented clearance of Candida from the bloodstream and resolution of 

symptoms attributable for candidemia.  

The time to clearance of infection after starting treatment is not clear; 

however, persistent fungemia for up to 3 weeks has been observed by some 

authors. Wherever feasible, an effort should be made to remove devices such as 

central venous catheters and urinary catheters. If an isolate is found to be resistant 

to azoles, echinocandins, or amphotericin B, the laboratory should also test for 

susceptibility to flucytosine, nystatin, and terbinafine. Currently, UK strains 

remain susceptible to topical agents’ nystatin and terbinafine. For the treatment of  
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any further MDR strains, a regimen incorporating oral terbinafine could be 

considered41. Echinocandins have limited penetration into a number of sites, 

including cerebrospinal fluid, due to their high molecular weight, and very little 

active drug can be recovered from urine. Therefore, other medications should be 

used for central nervous system (CNS) or renal tract infections with Candida 

species. 

                The use of amphotericin B preparations with the possible addition of 5-

flucytosine has been suggested for urinary tract infections. For CNS disease, as 

with other Candida species infections, empirical amphotericin B and 5-flucytosine 

have had some success, with optimization of therapy as informed by sensitivity 

testing47. The new 1, 3-β-D-glucan synthesis inhibitor SCY-078 has in vitro and in 

vivo activity against a variety of Candida species and has oral bioavailability. The 

significant reductions in the metabolic activity and thickness of C.auris biofilms 

in the presence of SCY-078 highlight the future potential of this new therapy31. 

C.auris was significantly less susceptible to killing by ultraviolet light than 

methicillin resistant Staphylococcus aureus 59. There are currently two novel 

antifungal drugs that have 100% efficacy against C.auris: SCY-078 from Scynexis 

pharmaceuticals (Berkow,Angulo,& Lockhart,2017; Larkin Et al.,2017)and VT-

1598 from Viamet pharmaceuticals31. 
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                                                              RESULTS 

Group 1 consisted of 10 HIV seropositive patients as confirmed by western blot or 

Enzyme linked immunosorbent assay. (ELISA). The mean CD4 count was 

547±295. Group 2 consisted of 10 denture wearers (removable partial denture, 

complete denture and a combination of removable partial denture and complete 

denture). All the study participants comprised of males – n (40%) and females- 

n(60%) with a mean age of 42.1±14.77.The longest duration of denture wear was 

20 years(9.1%). Of the denture wearers, 55.6% were diabetic and 44.4% were not 

diabetic. (Table 1) 

Distribution of gender among the study groups (Table 2, Table 7, Graph 3): 

Overall out of 30 individuals who participated in the study, 30% of HIV 

seropositive patients, 63.1% denture wearers and 22.2% of the controls were male. 

70% of HIV seropositive patients, 36.4% of the denture wearers and 77.8% of the 

controls were female. The distribution of gender among the study groups was 

statistically insignificant with a value of 0.125. 

Distribution of mean age among the study groups (Table 3, Table 8, Graph 

4): 

The HIV seropositive patients were aged between 31 to 52 years with a mean age 

of 39.4±6.7. The denture wearers were aged between 28 to 75 years with a mean 

age of 53±16. The minimum age of the controls was 24 years and the maximum 

was 50 years with a mean age of 31.6±10.6. The mean age was statistically 

significant with a value of 0.002. 
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Distribution of mean copies/µl among the study groups (Table 4):   

The mean copies / µl of HIV seropositive patients was 433048.7±42501.011 with 

the minimum value of 9548 and the maximum of 1.27E+006. The mean copies/ µl 

of denture was 4.6384.100±558085.212 with the minimum of 5790 and a 

maximum of 1.42E+006. The mean copies/ µl of control was 10365.8±21123 with 

the minimum of 26 and the maximum value of 53396.The distribution of mean 

copies/ µl was statistically significant with the value of 0.003.  

Average copy numbers of Candida auris (Table 5, Graph 1): 

The average copy number of Candida auris in HIV positive patients was 

474966.4444, for denture wearers was 548401.1 and for the controls was 

9792.714286. 

Candida auris concentration amplification curves (Table 6, Table 9, Graph 

2): 

Amplification curves obtained from real time PCR analysis to determine the 

concentration of C. auris in saliva samples of HIV positive patients, denture 

wearers and normal healthy subjects. Note that samples with higher concentration 

of C. auris specific signal showed early Ct values, while samples with lower 

concentration of C.auris specific signal showed delayed Ct values. Those samples 

without C. auris produced background fluorescence level that was not included in 

the quantitation analysis as its amplification curves were below the threshold value 

(0.157).  
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DNA concentration of the samples (Table 10) 

             Salivary samples collected from HIV positive patients, denture wearers or 

normal healthy subjects were processed for Candidal DNA extraction as described 

in the methods section. DNA extracted was quantified with Qubit fluorometer to 

determine the concentration of DNA in each sample. The DNA concentration 

among the samples was found to vary and was observed to be between 7 

nanograms per microliter to 23 nanograms per microliter (Table 1). Variations in 

the concentration of DNA may be expected as the amount of DNA obtained in 

each sample depends on the amount of cells present in a given saliva sample. All 

DNA samples, regardless of the concentration, were subjected to quantitative PCR 

amplification procedure as PCR based amplification technique is sensitive enough 

to amplify even from picogram levels of DNA. Quantitative PCR was performed 

with 10 nanograms of DNA from each of the sample in a 20µl reaction volume in 

the presence of 2X SYBR green based fluorescence detection reagent in Qiagen 

RotorGene Q real time PCR system. Amplification was performed as described in 

the methods section. The quantitative presence of C. auris in each of the sample 

was determined by comparing the normalized fluorescence value of amplification 

curves with that of a linear standard graph obtained from running known 

concentration of control C. auris DNA. The entire comparison procedure was 

performed with the in-built Qiagen RotorGene Q real time PCR system software. 

Upon comparison, the software expresses the quantity of C. auris as copy numbers 

per microliter. For example, if sample “A” has a higher concentration of C. auris 

relative to sample “B”, sample “A” will produce higher fluorescence than sample 

“B”. The software detects this higher fluorescence in sample “A” and expresses 

the same as higher copy number of Candida auris in sample “A”.  
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                                  TABLE I: SUMMARY OF THE RESULTS 

Overall Gender Male n(40%) 

  Female n(60%) 

Overall Age mean±SD  42.1±14.77  

HIV CD4 Mean 547±295 

Denture group Type RPD n(45.5%) 

  CD n(45.5%) 

  RPD & CD n(9.1%) 

 

Duration of denture 

 

Years 

 

1 

 

18.2% 

  2 18.2% 

  3 9.1% 

  4 18.2% 

  5 9.1% 

  10 18.2% 

  20 9.1% 

Denture wear Diabetic status Yes (55.6%) 

  No  (44.4%) 

                                                                            

TABLE 2: DISTRIBUTION OF GENDER AMONG THE STUDY GROUPS 

 

 

HIV 

n% 

Denture 

n% 

Controls     

n%               

P 

Male n(30%) n(63.1%) n(22.2%) .125 

Female n(70%) n(36.4%) n(77.8%) .125 

 

TABLE 3: DISTRIBUTION OF MEAN AGE AMONG THE STUDY GROUPS 

 

 

 

 

 

 

 

 

 

 

 

 Mean 

age±SD 

Min Max P 

value 

HIV 39.4±6.7 31 52  

.002 
Denture 53±16 28 75 

Control 31.6±10.6 24 50 
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TABLE 4: DISTRIBUTION OF MEAN COPIES /µL AMONG THE STUDY GROUPS 

 
Mean Copies/µl±SD 

Min          Max P 

VALUE 

HIV 433048.7±42501.011 9548   1.27E*+006        

.003 
Denture 416384.100±558085.212 5790   1.42E*+006 

Control 10365.8±21123 26         53396 

                  *E-1018 

 

TABLE 5: AVERAGE COPY NUMBERS OF CANDIDA AURIS 

Average  copy numbers of Candida auris 

HIV Positive Denture wearers Normal subjects 

474966.4444 548401.1 9792.714286 

 

                                  

GRAPH 1: AVERAGE COPY NUMBERS OF CANDIDA AURIS 
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    GRAPH 2: CANDIDA AURIS CONCENTRATION AMPLIFICATION CURVES 

 

 

 

 

GRAPH 2: Amplification curves obtained from real time PCR analysis to determine the 

concentration of C. auris in saliva samples of HIV positive patients, denture wearers and normal 

healthy subjects. Note that samples with higher concentration of C. auris specific signal showed 

early Ct values, while samples with lower concentration of C.auris specific signal showed 

delayed Ct values. Those samples without C.auris produced background fluorescence level that 

was not included in the quantitation analysis as its amplification curves were below the threshold 

value (0.157).  
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TABLE 6-INTERPRETATION OF THE RESULTS 

No. Color Name Type Cycle threshold 

temperature 

Calc Concentration 

(copies/ul) 

1 
 

h1 Unknown 14.74 9548 

2 
 

h2 Unknown 7.72 783910 

3 
 

h3 Unknown 8.09 621246 

4 
 

h4 Unknown 9.61 238777 

5 
 

h5 Unknown 
  

6 
 

h6 Unknown 12.61 36278 

7 
 

h7 Unknown 8.81 394370 

8 
 

h8 Unknown 6.95 1271631 

9 
 

h9 Unknown 7.67 808956 

10 
 

d1 Unknown 13.42 21823 

11 
 

d2 Unknown 8.31 540801 

12 
 

d3 Unknown 6.72 1466850 

13 
 

d4 Unknown 6.77 1423317 

14 
 

d5 Unknown 6.78 1413774 

15 
 

d6 Unknown 11.55 70646 

16 
 

d7 Unknown 15.36 6475 

17  
 

d8 Unknown 10.86 109290 

18 
 

d9 Unknown 8.69 425245 
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No. Color Name Type Cycle threshold 

temperature 

Calc Concentration 

(copies/ul) 

19 
 

n1 Unknown 
  

20 
 

n2 Unknown 16.08 4124 

21 
 

n3 Unknown 
  

22 
 

n4 Unknown 24.14 26 

23 
 

n5 Unknown 18.27 1042 

24 
 

n6 Unknown 12 53396 

25 
 

n7 Unknown 17.23 1996 

26 
 

n8 Unknown 
  

27 
 

n9 Unknown 17.57 1611 

28 
 

n10 Unknown 
  

29 
 

n11 Unknown 15.39 6354 

30 
 

Positive 

control-

1 

Unknown 9.54 250650 

31 
 

Positive 

control-

2 

Unknown 8.74 414122 

32 
 

Positive 

control-

3 

Unknown 7.88 710629 

33 
 

Positive 

control-

4 

Unknown 7.07 1177204 
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No. Color Name Type Cycle threshold 

temperature 

Calc Concentration 

(copies/ul) 

34 
 

Positive 

control-

5 

Unknown 6.71 1474629 

35 
 

std Standard 6.99 1000000            
 

36 
 

negative 

control 

NTC 
  

 

Legend: 

NEG (NTC) - Sample cancelled due to NTC Threshold. 

NEG (R. Eff) - Sample cancelled as efficiency less than reaction efficiency threshold. 
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TABLE 7: DISTRIBUTION OF GENDER AMONG THE STUDY GROUPS 

                        
    
                                                                  
 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

GRAPH 3: DISTRIBUTION OF GENDER AMONG THE STUDY GROUPS 
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60%

70%

80%

MALE FEMALE

DISTRIBUTION OF GENDER IN THE STUDY GROUPS

HIV INDIVIDUALS DENTURE WEARERS CONTROLS

GENDER HIV INDIVIDUALS DENTURE 

WEARERS 

CONTROLS  

MALE 3(30%) 5(50%) 3(30%) 

FEMALE 7(70%) 4(40%) 7(70%) 
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TABLE 8: DISTRIBUTION OF AGE IN THE STUDY GROUPS 

             
   
       

AGE GROUPS IN 

YEARS 
HIV INDIVIDUALS 

DENTURE 

WEARERS 
CONTROLS 

20-40 7(70%) 3(30%) 8(80%) 

41-60 2(20%) 4(40%) 2(20%) 

ABOVE 61 1(10%) 3(30%) NIL 

 

 

                           GRAPH 4: DISTRIBUTION OF AGE IN THE STUDY GROUPS 
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TABLE 9: CONCENTRATION COPIES/µL OF CANDIDA AURIS 

 

               

  

Sample No. Sample name 
Calc Concentration 

(copies/ul) 

1 h1 9548 

2 h2 783910 

3 h3 621246 

4 h4 238777 

5 h5  

6 h6 36278 

7 h7 394370 

8 h8 1271631 

9 h9 808956 

10 h10 109982 

11 d1 21823 

12 d2 540801 

13 d3 1466850 

14 d4 1423317 

15 d5 1413774 

16 d6 70646 

17 d7 6475 

18 d8 109290 

19 d9 425245 

20 d10 5790 

21 n1  

22 n2 4124 

23 n3  

24 n4 26 

25 n5 1042 

26 n6 53396 

27 n7 1996 

28 n8  

29 n9 1611 

30 n10  

31 n11 6354 

32 Positive control-1 250650 

33 Positive control-2 414122 

34 Positive control-3 710629 

35 Positive control-4 1177204 

36 Positive control-5 1474629 

37 std 1000000 

38 negative control  
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TABLE 10 :  DNA CONCENTRATION OF THE SAMPLES 

 

Sample id 
DNA concentration (nanograms per 

microliter) 

HIV positive 

samples 

h1 7 

h2 12.5 

h3 16.3 

h4 11.1 

h5 12 

h6 22 

h7 10.5 

h8 13.3 

h9 10.6 

Denture wearers 

d1 9.3 

d2 13.2 

d3 11.5 

d4 14.8 

d5 21.4 

d6 15 

d7 10.6 

d8 13.3 

d9 21.3 

Normal subjects 

n1 13 

n2 10.6 

n3 12.6 

n4 18 

n5 20.6 

n6 21 

n7 18.6 

n8 12 

n9 11.4 

n10 14.3 

n11 23 
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                                           TABLE11:   PRIMERS USED IN THIS STUDY 

 

Primer Sequence Specificity 

 CauF  5-CGCACATTGCGCCTTGGGGTA-3̍̍    C.auris 

 CauR  5 -GTAGTCCTACCTACCTGATTTAGGGGAC-3̍̍   

 CauReIF  5-GCGATACGTAGTATGACT Diagnostic method

  

 C.auris 

and related 

species 
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SALIVA SAMPLES 
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DISCUSSION 

Occurrence of clonal multi drug resistant C.auris strains in Indian health care 

settings was emphasized by 2 reports of C.auris candidemia in hospitals in 

India28.C.auris has been identified only from blood cultures45. To the best of our 

knowledge, C.auris has not been identified in salivary samples from India or other 

parts of the world.  

Owing to culture characteristics, identifying and differentiating C.auris 

from other candida species is always a challenge. Due to lack of biochemical 

distinctions, differentiating agents such as CHROM agar could not be effectively 

used65.As a result of these factors, molecular diagnosis remains the only viable 

means of distinguishing C. auris from other candidal species. This study was 

designed to identify C.auris in a vulnerable population using RT PCR .This study 

included HIV seropositive individuals, denture wearers and controls . 

The genome size range for C. auris is reported between 12.3 and 12.5 Mb 

with 8527 predicted genes. However, C. auris is highly divergent at the genome 

level. It is reported that 99.5% of the C. auris genomic reads did not align to the 

current draft of reported, documented genome sequence of C.albicans, 

C.lusitaniae, C.glabrata and Saccharomyces cerevisiae35.Genomically, the 

Hemiascomycete species is the closest to C.auris followed by 

C.haemulonii,C.famata, C.guilliermondii, C.lusitania, C.parapsilosis, C.sake, 

Rhodotorulaglutins, Saccharomyces cerevisiae8. 
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In a study done by Chatterjee et al (2015) 99.5% of C.auris genomic reads in the 

whole genome sequencing did not align to the genome sequences of C.albicans , 

C.lusitaniae , C.glabrata and saccharomyces cerevisie. The genome sequence                

of Candida auris was phylogenetically closest to C.haemulonii. Based on                

literature, the forward primer used for C.auris 

5-CGCACATTGCGCCTTGGGGTA-3’and 5-GTAGTCCTACCTGAT T T A G 

GGGAC-3’ was the reverse primer58. Similar to these findings which have 

conformed identification of C. auris at molecular level with a presumption of 

primers, we have used the same primers in our study. 

In our present study, we had a predominance of female gender, the 

distribution of which is not statically significant. The age distribution among the 

HIV seropositive individuals was between 31 to 52 years, the age distribution 

among the denture wearers was between 28 to 75 years and that of the controls 

was between 24 to 50 years. Given the obvious reason, denture wearers had higher 

age groups followed by HIV39 individuals as compared to controls. There was a 

significant difference between the age groups. This difference could be due to the 

inherent nature of study design and was similar to a previous study by Ranganathan 

et al, from South India39. 

In the present study, the HIV patients were recruited from a tertiary referral 

care center and the denture wearers from the outpatient department of our college. 

The control sample was recruited from individuals who were assumed to be normal 

of all the biological parameters. 
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The mean CD4 counts of the HIV group were widely ranged (547±295) 

and none of the patients had clinical candidiasis or any other oral lesions. The 

denture wearer group included patients with removable partial denture, complete 

denture and a combination of removable partial denture and complete denture in 

one patient. The maximum duration of the                                                                                                                         

patients who were wearing complete denture was 20 years (9.1%). 55.6% of the 

patients were   diabetic while 44.4% were not diabetic.  

In the present study, the patients had risk factors of C.auris infection such 

as persistent immunosuppressed state (HIV/diabetes), as reported by Bidaud 

(2018)3. This study also attempted to identify the presence of salivary C.auris 

among denture wearers and normal controls. Most of the study patients had varying 

numbers of copies of C.auris – 26 to 1.42 X 106. The mean copies/μml was 

different across the three groups, with statistical significance. (Table 4). The result 

could not be refuted or supported, as C.auris was previously not isolated and 

studied in saliva of denture wearers. However, blood based C.auris studies as by 

Rudramurthy et al (2017) was in support of this difference between HIV and 

apparently normal controls45.  

            In our present study all three groups expressed varying numbers of C.auris 

copies ranging from 26 to 1.42 x 106. It was observed that as per Table 4, graph 1, 

the percentage of positivity in the HIV seropositive individuals was 

433048.7±42501.011, in that of denture wearers was 416384.100±558085.212 

followed by lowest percentage of positivity of C.auris  was seen in control group 

with mean copies of 10365.8±21123 out of  the 10 patients. Thus there was a 

significant difference between the groups (p= 0.003). Given the higher degree of 
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positivity in our patients in contrast to the literature, it needs to be considered that 

C.auris has similarity to C.haemulonii in the context of genomic reads. 

         In HIV patients, oral candidiasis is considered a diagnostic and prognostic 

marker of HIV disease and CD4 count reflects the immunodeficiency status. C. 

albicans has correlation to CD4 count39 but C.auris does not have any correlation 

to CD4 stratification. In our study, among the HIV individuals, the correlation 

between CD4 count and copies of C.auris was, r2 = 0.333, with a significance of 

p=0.347. In the number of copies of C.auris which we have identified 

presumptively there was no monotonic, linear correlation of CD4 count with the 

candidal presence in saliva of HIV infected population. The presence of low CD4 

counts and high colony forming units was reported in HIV seropositive patients in 

Chennai,South India67. 

There has been frequent misidentification of C.auris as C.haemulonii, 

Saccharomyces cerevisiae, C.famata, C. sake and Rodotorula glutinous. Further 

confirmation of findings of our study could be done by a larger sample size and 

molecular identification based on sequencing the D1-D2 region of 28S ribosomal 

DNA requires MALDI –TOF MS,(Matrix assisted laser desorption Ionization-

Time of flight mass spectrometry) which can accurately identify the C.auris. The 

present study has been based on comparison with reference strains, which by itself 

is subject to geographical variation. Previous reports are from Northern India (New 

Delhi) while the present study was carried in South India.7 

The present study is in concurrence with previous reports that medical 

comorbidities such as diabetes mellitus and prosthesis have higher degree of 

C.auris carriage, though none of our patients in our study exhibited clinical 
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evidence of Candidiasis, but they carried higher copies of C.auris as compared to 

control group. So, it could be safely postulated that  

• C.auris is possibly a normal salivary commensal, seen in South Indian 

population.  

• C.auris copies/μml is elevated in prosthesis patients, diabetes patients and HIV 

patients as compared to normal controls. 

• In HIV infected patients, number of copies of C. auris does not correlate CD4 

count. 
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SUMMARY 

• C. auris, an emerging multi-drug resistant fungal pathogen has the ability for 

transmission between patients and hospitals as well as persistence on 

environmental surfaces. 

• Identification of C. auris is important to prevent outbreaks and enable 

appropriate antifungal therapy for infected patients. Candida auris exhibits 

elevated Minimum inhibitory Concentration (MIC) for all azole group. 

• C. auris is often misidentified as Candida haemuloni by various diagnostic 

methods such as VITEK.  (Automated identification database) 

• RT PCR can help to identify and treat this nosocomial pathogen. 30 samples was 

collected by oral rinse technique from HIV seropositive patients, denture wearers 

and controls. Since molecular methods are more sensitive and faster than 

conventional methods for detecting a rare species like C. auris, RT PCR was 

used. 

• The average copy numbers of C. auris was highest in denture wearers with a 

value of 548401.1 followed by HIV seropositive patients with a value of 

474966.4. Candida auris was not detected in 4 out of 10 controls while the rest 

had a low copy number value of 9792.71. 
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CONCLUSION 

C. auris an azole resistant fungal pathogen, which is capable of causing 

invasive fungal infections has been only isolated from blood and has not been 

identified from salivary samples from South India or other parts of the world. In 

this study we have isolated C.auris from HIV seropositive patients, denture 

wearers and controls and the mean copies/µl was different across the three groups 

with statistical significance. Though none of our patients with HIV and denture 

wear showed clinical candidiasis, they had elevated copies of C.auris as compared 

to controls. So, C.auris could be a salivary commensal, in the South Indian 

population.  
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ANNEXURE II 

 

DISSERTATION PROTOCOL 

 

Title: Identification of Candida auris in, Immunocompromised patients, Denture 

wearers and in Normal individuals using RT PCR 

  
 

Name and designation of the principal investigator: 

 

Dr.B.Ruth Vijitha  

 

I year post graduate student 

 

Department of Oral and Maxillofacial Pathology 
 
 
 
 

Name of HOD & staff in charge: 

 

Dr. K. Ranganathan, MDS, MS (Ohio), PhD 

 

Dr. Elizabeth Joshua, MDS 

 
 
 

 

Department where project is to be carried out: 

 

Department of Oral and Maxillofacial Pathology, 

 

Ragas Dental College, 

 

Chennai 
 
 
 

 

Duration of the project: 

 

I year 
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Background: A new clonal strain of C.auris is an emerging etiologic agent of 

fungemia. C.auris isolated in India was found to be resistant to fluconazole and 

genotypically distinct from isolates from South Korea and Japan. There is an 

urgent need for accurate fungal screening methods such as PCR to ensure proper 

management of fungemia. C.auris fungemia is associated with a high mortality 

rate(66%). C.auris has a highly divergent genome  

Hypothesis: There is no difference in C.auris present in HIV, denture wearers 

and in normal individuals. 

 

Aim: To identify the presence of Candida auris in the saliva of HIV patient’s full 

denture wearers and in normal individuals 

 

Objective: 

1. To evaluate the presence of C. auris in the saliva of HIV patients,denture 

wearers and in normal individuals by quantitative real time polymerase chain 

reactions(RT-PCR) 

2. To compare the presence of C. auris in the saliva of HIV patient’s, denture 

wearers and in normal individuals jj 

Inclusion Criteria:  

 

o Volunteers of age 24-75 years who were seropositive for HIV infection 

o Patients who were partial or full denture wearers who did not  

                        have clinical candidiasis                    

o Normal patients who were willing to participate in the study          

 

 

Exclusion criteria:  

 Patients on antifungal therapy.  
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 Pregnant women.  

 Individuals unwilling to participate in the study 

 

 

ARMAMENTARIUM USED: 

 

1.. Pre-sterilized 50 ml graduated centrifuge tube 

2. Saline 

3. Gloves 

4. Mask 

5. Case sheet (Annexure IV) 

6. Sharpie permanent marker 

7. Consent form 

8. Patient apron 

 
 

Signature of principal investigator 

 

 

Signature of principal investigator 
 
 
 

Signature of Head of Department 
 
 
 

Remarks of committee 
 
 
 

 Permission Granted YES / NO 
 

 
 

           Modifications / comments 
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ANNEXURE III 

 

CONSENT FORM 

Title of the study: 

 

Identification of Candida auris in immunocompromised individuals, denture 

wearers, and in normal individuals using RT-PCR 

 

Principal Investigator: 

 

Dr .B.Ruth Vijitha 

Post Graduate Student, 

Department of Oral Pathology, 

Ragas Dental College and Hospital. 

 

 

Patient Consent:  

I …………………………………………………………………… S/o, D/o. W/o. 

……………………………………………………, aged, about 

……………................  years, residing at 

…………………………………………….  do hereby solemnly and state as 

follows. 

 

I was informed and explained about this research in the language known to me. I 

was also informed and explained that the results of the test will not be revealed. I 

give m y consent after knowing full consequences of the study and I undertake to 

cooperate with the doctor for the study. I am also aware that I am free to 

withdraw the consent given at any time during the study in writing. 
 

Signature of the Patient/Attendant Date 

 

 

The patient was explained the procedure by me and he/she has understood the 

same and sign ed in (English/Tamil) before me 

 

 
Signature of the Doctor Date 
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ANNEXURE IV 

 

CASE SHEET  
 

 

Ragas Dental College & Hospital –Chennai 
 
 
 

 

         Name       : Education : 

Age

/sex  : Occupation : 

Marital status : Diet : 

Reli

gion  : Economic status : 

Presenting complaint:   

Medical 

history :   

Family history :   

Dental history :   

 

Oral hygiene                  

:    

    

Cleaning Material 
Frequency/ 

day Method of Use 

  Brush Finger 

Tooth 
Paste/Powder    

Others    
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CHEWING HABIT: (swallowing / spitting / pouching -R/ Lside) 
 

       
Quantity 

 
Duration 

Ex 
 

TYPE Method 

 Frequency/

day 

 

chewing   
/ day 

 

Month/d

ay         
duration            

            

 SMOKING HABIT :       

        

 Type  Number/day  Duration  Ex-smoker 

       Month/Year  duration 

            

GENERAL EXAMINATION:  

Blood pressure : 

Anthropologic measurements : 

1 .  Height  

2 .  Weight  

3 .  Weight to height ratio  

4 .  Hip circumference  

5 .  Waist circumference  

6 .  Waist to hip ratio  
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INTRA ORAL EXAMINATION: 
 

Hard tissue examination: 
 

D- 
 

M - 
 

F - 

 

Mouth opening 
 

SOFT TISSUE EXAMINATION: 
 

Gingiva 
 

Buccal mucosa 
 

Labial mucosa 
 

Tongue 
 

Floor of the mouth 
 

Angle of the mouth 
 

Palate 
 

BLOOD INVESTIGATIONS: 
 

1. Fasting blood glucose 
 

2. Lipid profile 
 

3.  CRP 
 

 

PROVISIONAL DIAGNOSIS:
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ANNEXURE V 

 

 

 

WORK COMPLETION LETTER 

 

To whom it may concern 

This is to state that Dr Ruth Vijitha, a post graduate student from the Department 

of Oral Pathology at Ragas Dental College and Hospital, Chennai has 

completed her research investigation pertaining to analysis of Candida auris in 

samples provided by real time quantitative analysis.  

The research investigation was performed under the supervision of Dr Arvind 

Ramanathan, and report was submitted after confirming the correctness of the 

same by Dr Arvind Ramanathan.  

 

Kindest regards, 

 

Dr Arvind Ramanathan, B.D.S., M.Sc., (Genetics), Ph.D (Genetics) (Japan), 

Director, 

Enable Biolabs India Private Limited, Chennai 603210 

      

 

 

 

 

 

Enable Biolabs India Private Limited 

CIN: U74999TN2015PTC100804 

Date:  23.01.2018 
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ANNEXURE VI 

QIAamp DNA Mini Kit 

 

  

For isolation of genomic, mitochondrial, bacterial, parasite or viral DNA 

 Rapid purification of high-quality, ready-to-use DNA 

 Consistent, high yields 

 Complete removal of contaminants and inhibitors 

The QIAamp DNA Mini Kit provides silica-membrane-based nucleic acid purification 

from tissues, swabs, CSF, blood, body fluids, or washed cells from urine. No mechanical 

homogenization is necessary as the tissues are lysed enzymatically. The convenient spin-

column procedure reduces hands-on preparation time to 20 minutes. Purification of 

DNA using the QIAamp DNA Mini Kit can be automated on the QIAcube Connect. 

 

Purification of up to 50 kb genomic DNA. 

Size distribution of DNA prepared with QIAamp Kits from the indicated sources (3 µg 

per lane). 

Performance 

https://www.qiagen.com/~/media/nextq/image%20library/s/14/32/s_1432_rpa_qa0937/2_15.ashx
https://www.qiagen.com/shop/automated-solutions/sample-preparation/qiacube-connect/
https://www.qiagen.com/~/media/nextq/image library/s/14/32/s_1432_rpa_qa0937/2_15.ashx
https://www.qiagen.com/us/shop/lightbox/qiaamp-dna-mini-kit?path=/~/media/nextq/image library/g/02/33/g_0233_qiaamp/1_5&slider=1
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DNA purified using the QIAamp DNA Mini Kit can be used in a wide range of 

downstream applications, including PCR and quantitative real-time PCR, Southern 

blotting, SNP and STR genotyping, and pharmocogenomic research. 

The QIAamp DNA Mini Kit yields DNA sized up to 50 kb (see figure "Purification of 

up to 50 kb genomic DNA"). DNA of this length denatures completely and has the 

highest amplification efficiency. Yields of nucleic acids or DNA depend on the starting 

material (see table). 

QIAamp sample preparation technology is fully licensed, allowing QIAamp purified 

nucleic acids to be used in any molecular assay or other downstream application without 

risk of patent infringement. 

* Nucleic acids obtained without RNase treatment. 
†
 Nucleic acids obtained with RNase treatment. 

Typical 

yields with 

the QIAamp 

DNA Mini 

Kit 

Sample 

Amount 

Total 

nucleic 

acid yields 

(µg)* 
DNA 

yields 

(µg)† 

Blood 200 µl 4–12 4–12 

Buffy coat 200 µl 25–50 
25–

50 

Cells 10
6
 20–30 

15–

20 

Liver 25 mg 60–115 
10–

30 

Brain 25 mg 35–60 
15–

30 

https://www.qiagen.com/us/shop/lightbox/qiaamp-dna-mini-kit/?path=%27655C754320074525BC3071CCEAFDF506%27
https://www.qiagen.com/us/shop/lightbox/qiaamp-dna-mini-kit/?path=%27655C754320074525BC3071CCEAFDF506%27
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Lung 25 mg 25–45 5–10 

Heart 25 mg 15–40 5–10 

Kidney 25 mg 40–85 
15–

30 

Spleen 10 mg 25–45 5–30 

Principle 

The QIAamp DNA Mini Kit simplifies isolation of DNA from human 

tissue samples with fast spin-column or vacuum procedures. No phenol–

chloroform extraction is required. DNA binds specifically to the QIAamp silica-

gel membrane while contaminants pass through. PCR inhibitors, such as divalent 

cations and proteins, are completely removed in two efficient wash steps, leaving 

pure DNA to be eluted in either water or a buffer provided with the kit. QIAamp 

DNA technology yields genomic, mitochondrial, bacterial, parasite, or viral DNA 

from human tissue samples ready to use in PCR and blotting procedures. 

Procedure 

Optimized buffers and enzymes lyse samples, stabilize nucleic acids, and 

enhance selective DNA adsorption to the QIAamp membrane. Alcohol is added 

and lysates loaded onto the QIAamp spin column. Wash buffers are used to 

remove impurities and pure, ready-to-use DNA is then eluted in water or low-salt 

buffer. 

No mechanical homogenization is necessary as the tissues are lysed 

enzymatically, and the convenient spin-column procedure means that hands-on 

preparation time is only 20 minutes (lysis times differ according to the sample 

source). Samples can be processed using either a microcentrifuge or, if blood or 

other body fluids are being processed, using the QIAvac 24 Plus or QIAvac 6S 

vacuum manifold. In addition, the rigorous lysis procedure employed makes the 

QIAamp DNA Mini Kit ideal for purification of genomic DNA from bacteria or 
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parasites. To further reduce hands-on time, genomic DNA purification may be 

automated on the QIAcube. 

Vacuum processing 

Blood or other body fluids can be processed by vacuum, instead of 

centrifugation, for greater speed and convenience in DNA purification. QIAamp 

Mini spin columns are accommodated on the QIAvac 24 Plus manifold using 

VacValves and VacConnectors. VacValves should be used if sample flow rates 

differ significantly, to ensure consistent vacuum. Disposable VacConnectors are 

used to avoid any cross-contamination. Use of VacConnectors also allows these 

QIAamp spin procedures to be performed on QIAvac 6S with QIAvac Luer 

Adapters. 

            Applications 

The QIAamp DNA Mini Kit is ideal for purification of DNA from most 

commonly used human tissue samples, including muscle, liver, heart, brain, bone 

marrow, and other tissues, swabs (buccal, eye, nasal, pharyngeal, and others), 

CSF, blood, body fluids, and washed cells from urine. DNA can be purified from 

up to 25 mg tissue or from up to 200 µl fluid in 20 minutes, and eluted in 50–200 

µl. 
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ANNEXURE VII 

 

 

ABBREVIATIONS 

 

           MDR-Multidrug resistant 

           FLU-Fluconazole 

           MIC-Minimum inhibitory concentration 

           CDC-Centre for disease control 

           AMP-Amphotericin 

            MALDI TOF-Matrix assisted laser desorption ionization of flight mass spectrometry 

            ITS-Internal transcribed spacer region 

            WGS-Whole genome sequencing 

            Ct- Cycle threshold.  

            Lanosterol-alpha demethylase- L1A1 

            ECDC - (European Centre and disease Control) 

            EPA - (Environment protection Agency) 
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ANNEXURE-VIII  

ANTIPLAGARISM CHECK FORM 
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ANNEXURE –1X 

 

DEPARTMENT DECLARATION FORM 

 

 

The study title “Identification of Candida auris in 

Immunocompromised Patients, Denture wearers and in Normal individuals 

using RT-PCR have been done under the guidance of the staffs of the 

Department of Oral Pathology and Microbiology during my post - graduation 

during 2016 - 2019. The same has been submitted as a part of the syllabus MDS 

degree programme in Oral Pathology and Microbiology of the Tamil Nadu Dr. 

M.G.R. Medical University, Chennai 

I shall publish in full or part of this work in any media with only with 

the prior written approval of the head of the department. 

 

 

 

 

Ruth Vijitha 

Post-graduation 2016-2019 

Department of Oral Pathology and 

Microbiology 

 

 


