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ABSTRACT 

Oral candidiasis is a frequent fungal condition that disproportionately impacts older adults, individuals with 

weakened immunity, and patients undergoing oncology therapies. Although widespread, recognizing and 
managing this infection can be difficult because presentation varies widely and antifungal resistance may 

complicate care. This study sought to identify which clinical manifestations best indicate oral Candida 

infections, with particular attention to features linked to poor antifungal response. A secondary aim was to 

explore whether underlying health issues—such as frailty and coexisting medical conditions—affect 

vulnerability to infection or influence treatment outcomes. A sample of 57 adults aged ≥65 years (mean age 

74) was recruited from oncology and hospitalist services in Northern Ontario. Most participants (65%) were 

receiving active cancer therapy. Each underwent an oral examination for candidiasis-related signs and 

symptoms, and fungal swabs were collected at baseline and again two weeks later. Species identification and 

therapeutic responses were documented. Most infections were due to Candida albicans and improved with 

standard antifungal therapy. In contrast, infections involving Nakaseomyces glabratus or Pichia kudriavzevii 

were more likely to continue, aligning with known resistance patterns. Clinically, pseudomembranous 

presentations—white plaques, tongue coating, taste changes—tended to resolve more readily, whereas 
erythematous findings, including oral redness and angular cheilitis, were often linked to persistent disease. 

Although 45% of participants met criteria for moderate to severe frailty, frailty did not demonstrate a significant 

relationship with persistent or resistant infection. The findings highlight the broad clinical variability of oral 

candidiasis and emphasize the need for rapid, point-of-care molecular diagnostics to distinguish species and 

guide timely management, particularly for older or medically complex individuals. 
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Introduction 
 

Oral candidiasis is caused by excessive proliferation of 

Candida species within the oral cavity. It can lead to 

discomfort, localized soreness, increased oral dryness, 

impaired taste, and difficulty eating, and may progress 

to complications such as dehydration, poor nutrition, 

and reduced overall well-being [1, 2]. In more severe 

cases, the infection may extend into the bloodstream or 

internal organs—including the digestive tract—raising 

risks of sepsis and mortality [3-7]. 

Many Candida species reside harmlessly on mucosal 

surfaces [8]. Indeed, roughly half of adults in some 

populations harbor Candida albicans without 

symptoms [8, 9]. Maintaining proper dental hygiene 

and routine oral care helps prevent fungal proliferation 

and supports microbial balance [6, 10, 11]. This 

includes correct brushing habits and appropriate 

denture management, such as removing dentures 

during sleep [12]. 

Multiple factors can increase susceptibility to fungal 

overgrowth. Infants, older adults, and palliative care 
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patients are particularly vulnerable, as are individuals 

with xerostomia or immune-related and endocrine 

disorders, including HIV and cancer [2, 12–14]. 

Additional risks include polypharmacy, heavy alcohol 

use, smoking, poor denture cleaning, inadequate 

nutrition, and prolonged use of steroids, antibiotics, or 

antifungal agents [9, 12, 15]. The combined influence 

of these factors—and how they interact—remains 

insufficiently understood. 

Common symptoms include dry mouth, altered taste, 

and burning sensations, while angular cheilitis, 

removable plaques, and mucosal redness are also 

characteristic. Presentation varies by location 

(localized vs. systemic) and form (pseudomembranous 

or erythematous) [9]. Pseudomembranous candidiasis, 

often called “oral thrush” in its acute form, appears as 

white, plaque-like lesions and may become chronic and 

hyperplastic if they cannot be wiped away [5]. 

Erythematous candidiasis manifests as red, inflamed 

tissue and burning sensations [16], while angular 

cheilitis produces similar symptoms at the mouth 

corners, sometimes with fissures [16]. Diagnosis 

requires careful evaluation of risk factors and symptom 

patterns by an experienced clinician [9]. However, 

laboratory confirmation—though costly and slow—is 

often needed to distinguish candidiasis from other 

conditions, complicating treatment decisions at the 

initial visit. 

The central aim of this study was to identify which 

clinical indicators most reliably point to oral Candida 

infections, especially those unlikely to respond to 

antifungal therapy. A further goal was to examine how 

frailty and comorbid health conditions may influence 

both susceptibility to infection and treatment success. 

Materials and Methods  

Patients and setting 
Participants were recruited through the North Eastern 

Cancer Center (NECC) Dental Clinic, the NECC 

Symptom Management Clinic, and the Health Sciences 

North (HSN) Hospitalist service in Sudbury, Ontario. 

Enrollment occurred between June 2019 and 

September 2021. Individuals were excluded if they had 

taken any antifungal medication within the two weeks 

preceding recruitment. 

Inclusion criteria required that participants be 65 years 

of age or older, actively receiving care through one of 

the listed NECC or HSN clinics, capable of providing 

consent for two oral swabs (baseline and follow-up), 

eligible for fluconazole therapy, and presenting with at 

least one clinical sign or symptom of oral candidiasis 

at enrollment. Participants also needed to be able to 

return for a two-week follow-up visit and have 

sufficient cognitive capacity to complete study 

questionnaires. 

Survey data captured demographic information, 

including age, sex, smoking behavior, comorbidity 

history (e.g., hypertension, cardiovascular disease, 

diabetes, cancer), and Clinical Frailty Scale (CFS) 

scores [17]. Frailty was grouped as: Fit/Low (CFS 1–

4), Moderate (CFS 5–6), and Severe (CFS 7–9). 

Nutritional status was categorized as normal or 

compromised. Oral hygiene was classified as good, 

fair, or poor. Smoking history was listed as current, 

former, or never. Dentition categories included dentate, 

partially dentate, and edentulous. 

 

Symptoms and fungal surveillance 
Symptoms documented included dry mouth, altered 

taste, and burning sensations. Clinical signs assessed 

were angular cheilitis, tongue coating, mucosal 

redness, and removable plaques involving the oral 

cavity or oropharynx. Fluconazole was used as the 

primary therapy for most patients exhibiting at least 

one indicator of candidiasis. Depending on the 

presentation and severity, topical agents such as 

nystatin (polyene) or ketoconazole (Nizoral) were used 

instead. 

A two-week follow-up evaluation determined whether 

the infection had cleared. When symptoms persisted, 

alternative antifungals—micafungin-S (echinocandin), 

miconazole, or clotrimazole—were prescribed. Swabs 

collected from the baseline visit (and from the follow-

up when applicable) were processed in the HSN 

microbiology laboratory. Samples were taken from the 

bilateral buccal mucosa and the dorsal tongue. 

For culture, swabs were plated on Sabouraud Dextrose 

Agar (SDA) and incubated at 35 °C for 48 h. Single 

colonies were selected for species-level identification 

using the VITEK® MS MALDI-TOF MS platform 

(bioMérieux, France). Colonies were applied to target 

plates, coated with α-cyano-4-hydroxycinnamic acid 

matrix, dried, and analyzed. Identifications were 

accepted when confidence scores were ≥95%. Glycerol 

stocks created from SDA plates were stored at −80 °C 

for future analyses. 

 

Statistical analysis 
Continuous variables were summarized using means 

and standard deviations; categorical variables were 

described with counts and percentages. Patient 

indication combinations were visualized using an upset 

plot generated with the “ComplexHeatmap” R 

package. Associations between baseline indications 

(dependent variable) and identified Candida species 

were analyzed via logistic regression, except for total 

indication count, which used ordered logistic 
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regression. Logistic regression was also used to 

estimate univariate associations between patient 

characteristics or indication patterns and infection 

persistence at follow-up. All analyses were completed 

using R v4.5.0. 

Results and Discussion 

Patients enrolled 
Of the 65 individuals approached, 57 met the inclusion 

criteria and were enrolled (Figure 1). Ages ranged 

from 65 to 94 years, with 33 patients aged 65–74, 22 

aged 75–84, and 2 aged 85 or older. The mean age was 

74 years. Female and male representation was nearly 

even (47% and 53%, respectively) (Table 1). 

Most participants (65%) were receiving active cancer 

treatment. Among the 37 patients in treatment, lung 

cancer was most frequent (n = 10), followed by tongue 

cancer (n = 4). Myeloma, tonsil, and prostate cancers 

each appeared in three cases. Two individuals each had 

cancers of the mouth, breast, or kidney. Single cases 

occurred for pelvic, bladder, skin, cheek, stomach, 

rectal, ear, and esophageal cancers. Cancer stage 

information was unavailable for 22 patients, while 11 

were stage IV, 3 were stage II, and 1 was stage III. 

Frailty distribution showed 53% with low/fit scores, 

26% with moderate frailty, and 19% with severe frailty 

(1.8% missing). Regarding dentition, 36% were fully 

dentate, 19% were partially dentate, and 24% were 

edentulous (22.8% missing). A majority (60%) had 

compromised nutritional intake. Oral hygiene was 

mainly rated as fair (61.4%), with the remainder split 

evenly between poor (19.3%) and good (19.3%). 

Twelve percent were current smokers, while 47% were 

former smokers. Medical histories varied widely, 

including cardiac, vascular, pulmonary, renal, 

neuromuscular, gastrointestinal, rheumatologic, and 

mental health conditions. The most prevalent 

comorbidities were hypertension (n = 31), diabetes (n 

= 17), cardiovascular disease (n = 13), and 

gastroesophageal reflux disease (GERD) (n = 13). 

 

 
Figure 1. Flow diagram outlining participant 

recruitment. 

 

Table 1. Baseline characteristics of enrolled 

individuals (n = 57). Continuous metrics are reported 

as mean (standard deviation), while categorical 

information is listed as count (percentage). 

Variable 
Values / Mean (SD) 

or n (%) 

Age (years) 73.8 (6.63) 

Sex  

Female 27 (47.4%) 

Male 30 (52.6%) 

Smoking status  

Never smoker 22 (38.6%) 

Former smoker 27 (47.4%) 

Current smoker 7 (12.3%) 

Missing data 1 (1.8%) 

Nutritional status  

Normal 23 (40.4%) 

At risk / compromised 34 (59.6%) 

Frailty Index 0.169 (0.102) 

Missing 1 (1.8%) 

Clinical Frailty Scale  

Fit / Low frailty 30 (52.6%) 

Mild to moderate frailty 15 (26.3%) 

Severe / very severe frailty 11 (19.3%) 

Missing 1 (1.8%) 

Currently receiving cancer 

treatment 
 

No 20 (35.1%) 

Yes 37 (64.9%) 

Oral hygiene status  

Poor 11 (19.3%) 

Fair 35 (61.4%) 

Good 11 (19.3%) 

Dentition status  

Dentate (natural teeth present) 21 (36.8%) 

Partially dentate 11 (19.3%) 

Edentulous (no natural teeth) 12 (21.1%) 

https://www.frontiersin.org/files/Articles/1661524/froh-06-1661524-HTML-r1/image_m/froh-06-1661524-g001.jpg
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Missing data 13 (22.8%) 

 

Baseline fungal screening and symptom presentation 

Nearly all participants showed dry mouth (93.0%) 

(Figure 2). Roughly half reported taste alteration 

(50.9%), and around four in ten experienced burning 

sensations (42.1%), angular fissures (42.1%), mucosal 

erythema (43.9%) or detachable plaques (40.4%). 

Coated tongue was the least common finding (36.8%). 

Only one patient exhibited all six manifestations of oral 

candidiasis (Figure 2). The most common symptom 

cluster consisted of dry mouth, angular cheilitis, 

redness, and burning (n = 6). Logistic regression 

indicated that the likelihood of presenting with 

erythema [OR (95% CI) = 5.7 (1.57, 27.6)] or 

removable plaques [8.3 (2.0, 57.1)] was significantly 

elevated in the presence of any Candida infection 

(Figure 3). Total indication count was also associated 

with fungal presence, with odds increasing 3.9-fold 

(95% CI = 1.32, 11.8). Comparable trends were seen 

when Candida albicans alone was detected at baseline 

[erythema: 4.5 (1.44, 16.4); plaques: 5.3 (1.61, 21.5); 

total indications: 5.9 (1.98, 17.4)], along with greater 

odds of burning mouth [4.0 (1.28, 14.6)] (Figure 3). 

No meaningful relationships were observed for non–C. 

albicans species.

 

 
Figure 2. Symptom combinations recorded at enrollment. 

 

 
Figure 3. Univariate relationships between baseline Candida species and clinical features. Non-significant 

outcomes intersect the red dashed line; p < 0.01, *p < 0.05. 
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Most cases (57.6%) were managed with fluconazole as 

the primary therapy. Nystatin or Nizoral was used in 

32.3% of patients, depending on presentation severity 

and lesion location. Approximately 65 isolates were 

obtained across initial (n = 48) and follow-up (n = 15) 

visits. At baseline, 17 samples (29.8%) were 

categorized as normal flora due to insufficient Candida 

load (Table 2). Among abnormal isolates, Candida 

albicans accounted for 61.0%. Nakaseomyces 

glabratus appeared next most frequently (n = 6), with 

smaller numbers of Pichia kudriavzevii (n = 1), 

Candida tropicalis (n = 2), and Candida lusitanae 

(n = 1) (Table 2). Mixed-species infections were 

detected in eight baseline samples and four follow-ups 

(Table 3). 

 

 

Table 2. Antifungal regimens and species distribution at baseline. 

Variable n (%) 

Prescribed antifungal agent  

Fluconazole 34 (59.6%) 

Nystatin 18 (31.6%) 

Ketoconazole (Nizoral) 4 (7.0%) 

Missing data 1 (1.8%) 

Normal oral flora present  

No 40 (70.2%) 

Yes 17 (29.8%) 

Candida albicans isolated  

No 22 (38.6%) 

Yes 35 (61.4%) 

Nakaseomyces glabratus (formerly C. glabrata) isolated  

No 51 (89.5%) 

Yes 6 (10.5%) 

Pichia kudriavzevii (formerly C. krusei) isolated  

No 56 (98.2%) 

Yes 1 (1.8%) 

Clavispora lusitaniae (formerly C. lusitaniae) isolated  

No 56 (98.2%) 

Yes 1 (1.8%) 

Candida tropicalis isolated  

No 55 (96.5%) 

Yes 2 (3.5%) 

 

Table 3. Dual-species fungal detection in nine participants. 

Species Combination Initial Visit (n) Follow-up Visit (n) 

Candida albicans + Nakaseomyces glabratus 4 3 

Candida albicans + Candida tropicalis 2 0 

Candida albicans + Candida parapsilosis 0 1 

Candida albicans + Rhodotorula mucilaginosa 1 0 

Pichia kudriavzevii + Saccharomyces cerevisiae 1 0 

 

Follow-up outcomes and regression results 

After two weeks of therapy, many infections were fully 

cleared and did not require a second swab. Twelve 

participants died or were unavailable for reassessment. 

Ultimately, 15 individuals (26.3%) showed persistent 

infection at follow-up (5 C. albicans; 2 N. glabratus; 3 

C. albicans + N. glabratus; 2 C. parapsilosis; 1 C. 

albicans + C. parapsilosis; 1 P. kudriavzevii; 1 C. 

tropicalis), while 18 (31.6%) demonstrated resolution. 

Patients initially presenting with erythema [OR (95% 

CI) = 4.68 (1.09, 22.9)] or angular cheilitis [6.50 (1.47, 

34.3)] had significantly higher odds of unresolved 

infection (Figure 4). Conversely, coated tongue was 

linked to a lower likelihood of clearance [0.08 (0.01, 

0.51)] (Figure 4). No significant associations were 

found between follow-up outcomes and baseline 

detection of C. albicans, N. glabratus, or other yeasts. 

However, those with N. glabratus at baseline had an 

elevated risk of persistence [OR = 9.4 (1.27, 196.2)], 

though estimates were imprecise. Among additional 

factors—age, smoking status, and antifungal type—

only sex showed significance. Male participants were 

less likely to resolve infection compared with females 

[0.2 (0.04, 0.86)]. Adjusting for sex slightly reduced 
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effect sizes for erythema, angular cheilitis, and coated 

tongue, yet all remained notable at p < 0.20. 

 

 
Figure 4. Relationships between baseline clinical 

features and the likelihood of ongoing Candida 

infection at follow-up. Non-significant effects 

intersect the red dashed reference line; *, p < 0.05. 

 

This investigation sought to determine which clinical 

indicators and patient-related factors could help 

distinguish true Candida involvement and anticipate 

response to therapy. Numerous potential contributors 

were identified, but none showed a consistent 

individual association with infection status. In contrast, 

oral redness and detachable plaques clearly increased 

the probability of detecting Candida, with the 

likelihood rising further as the number of signs and 

symptoms accumulated. Comparable results were 

noted when focusing solely on Candida albicans, with 

burning sensations additionally elevating risk. After 

two weeks of treatment, patients who initially exhibited 

redness or angular cheilitis were more likely to remain 

infected, whereas coated tongue at baseline 

corresponded with greater odds of clinical resolution. 

 

Signs and symptoms of oral candidiasis 

The data show that Candida-related presentations vary 

widely, as reflected in the diverse symptom groupings. 

Although removable plaques are a well-recognized 

hallmark of infection, our findings underscore the need 

to evaluate the full range of features. Because almost 

all individuals reported dry mouth—and plaque 

development relies on adequate saliva—exclusive 

reliance on plaques may lead to missed diagnoses. The 

most common symptom combination (dry mouth, 

angular cheilitis, redness, and burning) did not contain 

plaques, yet these findings were strongly linked to 

Candida presence through associations with redness, 

plaques, and overall indication counts. 

Dry mouth was nearly universal, affecting about 90% 

of participants. This limited variability likely explains 

its lack of statistical significance regarding infection 

detection. Even so, the absence of any candidiasis cases 

without xerostomia highlights its clinical importance. 

A study by Alt-Epping et al. (2012) reported similarly 

high rates of dry mouth (∼90%) and a greater 

prevalence of taste disturbance (∼80%) compared with 

the ∼50% noted in our data [18]. Reduced salivary 

flow diminishes protective antifungal components such 

as histatins, defensins, and lysozymes [10], suggesting 

that management strategies aimed at improving 

salivary function may help prevent recurrence [18]. 

 

Factors associated with increased risk of oral 

candidiasis 

In this cohort, the occurrence of oral Candida infections 

was comparable between males and females [9]. Other 

considerations—such as frailty category or oral 

hygiene status—were not significantly linked to 

ongoing infection, reinforcing that older adults prone 

to Candida overgrowth often present with multifaceted 

medical backgrounds requiring individualized 

assessment. 

Frailty, an age-related state of increased vulnerability 

and considered one of the most challenging geriatric 

syndromes [19], has documented connections to 

microbiome imbalance, oral pathology, and infectious 

susceptibility [20, 21]. The relationship is reciprocal, 

as oral deterioration—including loss of natural 

dentition—can worsen frailty and contribute to poorer 

outcomes, including increased mortality [22]. In our 

sample, 45% were categorized as moderately or 

severely frail, yet no significant association with 

infection persistence or resistance was observed, 

potentially reflecting sample size limitations. 

Diabetes is another condition frequently linked to 

candidiasis and symptoms like xerostomia [23]. 

Elevated salivary and blood glucose levels can promote 

the shift of Candida spp. into more invasive forms [24]. 

Prior work has shown that diabetes-associated Candida 

isolates may exhibit enhanced enzymatic behavior 

(hemolytic and phospholipase activity), enabling tissue 

invasion [24]. In our group, 18 of the 57 participants 

had diabetes, likely heightening their risk of chronic or 

invasive infection. 

 

Follow-up outcomes 

White plaques tended to resolve by the follow-up visit, 

indicating that pseudomembranous forms of oral 

candidiasis are generally more responsive to treatment. 

https://www.frontiersin.org/files/Articles/1661524/froh-06-1661524-HTML-r1/image_m/froh-06-1661524-g004.jpg
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Similarly, symptoms such as coated tongue and taste 

disturbance showed a tendency toward resolution, 

reflecting the typical clinical course of this infection 

type. Topical antifungal therapy appeared to be 

effective for these manifestations. The presence of a 

coated tongue at baseline was associated with a higher 

likelihood of infection clearance at follow-up, possibly 

because this sign can result from other conditions, 

including poor oral hygiene or xerostomia [25–27]. 

In contrast, erythematous forms of candidiasis, 

particularly when accompanied by angular cheilitis, 

were more persistent and often more challenging to 

treat [28]. The high odds of continued infection for 

patients presenting with redness and angular cheilitis 

are consistent with the characteristic inflammation and 

fissuring at the mouth corners. In such scenarios, 

topical agents may not fully eradicate the infection, and 

systemic antifungal therapy might be preferable for C. 

albicans infections. For infections involving inherently 

resistant species like N. glabratus or P. kudriavzevii, 

alternative treatments such as echinocandins may be 

required. Although N. glabratus and P. kudriavzevii 

have undergone taxonomic reclassification, they are 

included in this analysis alongside Candida species for 

consistency with prior literature, as both remain 

clinically significant oral pathogens. 

No significant association was observed between the 

specific Candida species and infection resolution at the 

two-week follow-up. This aligns with the known 

susceptibility of most C. albicans strains to standard 

azole and polyene antifungals [2]. Among N. glabratus 

infections, 5 of 6 cases persisted at follow-up, likely 

reflecting its intrinsic azole resistance. Interestingly, 

Candida parapsilosis appeared in three follow-up 

infections despite being absent at baseline, suggesting 

a mycobiome shift during antifungal therapy that 

allowed colonization by this species. Emerging 

evidence indicates increasing fluconazole resistance in 

C. parapsilosis, which was previously typically 

susceptible to first-line treatment [29, 30]. 

One infection initially involving both C. albicans and 

N. glabratus resolved to reveal P. kudriavzevii, a 

fluconazole-resistant species, at follow-up. Some 

patients harbored multiple pathogenic Candida species 

simultaneously, underscoring the importance of rapid 

and sensitive point-of-care species identification to 

ensure antifungal therapy targets the full spectrum of 

infecting organisms. 

Conclusion 

This study’s key strengths include its real-world 

clinical setting, longitudinal follow-up design, and 

detailed profiling of both patients and Candida isolates. 

The findings contribute valuable insights for cohorts in 

Northern Ontario, addressing knowledge gaps 

regarding oral candidiasis in this region. Limitations 

include the relatively small sample size and the wide 

variability in participants’ medical histories, which 

complicated the identification of specific health factors 

as predictors for Candida infections. Future research 

with larger cohorts could allow stratification based on 

cancer type or other immunocompromising conditions. 

Geographic context also constrains the generalizability 

of these findings, as Candida species prevalence is 

known to vary regionally. In both Canada and the 

United States, C. albicans is generally reported as the 

most frequent pathogenic species, followed by 

Nakaseomyces glabratus [31–33]. Additionally, the 

limited number of persistent infections at follow-up 

reduced statistical power. A larger cohort could better 

clarify whether particular clinical signs and symptoms 

are associated with less common, antifungal-resistant 

species, which is increasingly important given the 

rising incidence of atypical Candida species and their 

contribution to higher mortality [34]. Notably, several 

patients displaying clinical features of candidiasis were 

found to have only normal oral flora. Conditions such 

as Sjögren’s syndrome can mimic these symptoms 

without Candida overgrowth [35]. Future work should 

adopt a more comprehensive approach to studying the 

oral microbiome, which may identify other organisms 

involved in maintaining a healthy microbial balance. 

Overall, the study highlights the variability in oral 

candidiasis presentation and underscores the need for 

molecular diagnostic tools to support accurate clinical 

assessment. Clinicians must consider multiple factors 

when managing patients with suspected infection to 

select appropriate antifungal therapy. Certain Candida 

species possess intrinsic resistance to first-line 

treatments, and others acquire resistance mutations that 

cannot be reliably identified without laboratory culture 

and molecular testing [2]. Current diagnostic 

procedures rely on skilled laboratory personnel to 

culture samples and use VITEK® mass spectrometry 

for species-level identification. 

When C. albicans was the predominant pathogen, 

standard fluconazole therapy was typically effective. 

However, erythematous forms of candidiasis, 

including cases with angular cheilitis and oral redness, 

frequently persisted, particularly when treated topically 

with agents such as nystatin or Nizoral. Systemic 

fluconazole may have offered better efficacy. Species 

with innate resistance, such as Nakaseomyces 

glabratus (previously C. glabrata), responded poorly to 

fluconazole, with 5 of 6 infections (83%) remaining at 

follow-up and requiring alternative antifungal therapy. 
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Clinical symptoms alone do not differentiate these 

species, emphasizing the need for molecular 

characterization to detect antifungal-resistant 

pathogens. 

The development of point-of-care species 

identification could allow clinicians to tailor antifungal 

therapy more precisely. Other fluconazole-resistant 

species include Pichia kudriavzevii (formerly C. 

krusei) and the emergent multi-drug resistant Candida 

auris. Over 95% of P. kudriavzevii isolates, and 

approximately 90% of C. auris strains are resistant to 

fluconazole [36, 37]. While C. auris has not yet been 

reported in the human oral cavity, it has been isolated 

from a canine oral sample in Kansas [38]. Rapid 

identification of these species, alongside typical 

Candida pathogens, could enhance monitoring of 

emerging transmission patterns [39]. 

Few studies integrate clinical signs, patient health data, 

and microbiological testing comprehensively. Future 

investigations should include antifungal susceptibility 

testing and molecular gene expression analyses, 

particularly focusing on resistant strains. Combining 

these approaches will deepen understanding of the 

pathophysiology of oral candidiasis in vulnerable 

populations, including older adults and 

immunocompromised patients. 
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