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ABSTRACT
Introduction: Oral candidiasis is the most common oppor-
tunistic infection of the oral cancer patients. Identification of 
Candida isolates and its susceptibility to antifungal agents will 
be helpful in the therapeutic management.
Aim and Objective: To study the Genetic relatedness and 
antifungal susceptibility pattern of Candida isolates recovered 
from the oral cancer patients.
Material and Methods: The present study was conducted in 
the Department of Microbiology at Santosh Medical College, 
Ghaziabad, U.P. & VarunArjun Medical College & Rohilkhand 
Hospital, Shahjahanpur, Uttar Pradesh. A total of 377 oropha-
ryngeal cancer patients were selected for the study. The study 
was conducted from 2019 to 2021. Oropharyngeal swab was 
cultured by semi-quantitative method on Sabouraud dextrose 
agar (SDA) and Hi-Chrome agar and followed by identification 
and Antifungal susceptibility test. The Molecular characteriza-
tion of Candida albicans and non albicans Candida isolates 
was performed by DNA extraction and PCR. 
Results: Out of the 377 oropharyngeal cancer cases, 292 (78.8%) 
were males and 85 (21.2%) females. The male: female ratio was 3.4:1. 
Of the 377 oral cancer cases, 152 (40.3%) cases were culture positive 
for Candida species. 191 isolates were recovered from oral cavity of 
the cancer patients with oral candidiasis. Isolates included Candi-
da albicans (n = 42, 22.0%), Candida tropicalis (n = 36, 18.8%), 
Candida parapsilosis (n = 34, 17.9%), Candida dubliniensis (n= 30, 
15.7%), Candida krusei (n= 30, 15.7%), Candida glabrata (n = 19, 
9. 9%). 142 (74.3%) isolates were susceptible to miconazole followed 
by Ketoconazole 112 (58.6%), and of and Itraconazole 111 (58.1 %).

Conclusion: The decreased effectiveness of antifungal drugs 
is a serious issue, especially in cancer patients. Hence, addition 
to emphasis on topical use of Miconazole application in the 
first stage of oral candidiasis in patients, using alternative sys-
temic drugs such as Ketoconazole and Itraconazole may prove 
fruitful. 

Keywords
Oropharyngeal, candidiasis, Genomic Mini AX YEAST isolation 
kit, DNA, PCR,

Imprint
Amit Kumar Singh, Dakshina Bisht, Desh Nidhi Singh, Jiten-
dra Kumar Chaudhary. Genetic relatedness and antifungal 
susceptibility pattern of Candida spp. recovered from the 
oral cancer patients. Cardiometry; Special issue No. 25; 
December 2022; p. 1240-1246; DOI: 10.18137/cardiome-
try.2022.25.12401246; Available from: http://www.cardi-
ometry.net/issues/no25-december-2022/genetic-related-
ness-antifungal

INTRODUCTION
Candida albicans is a common commensal fungus 

that colonizes the oropharyngeal cavity, gastrointes-
tinal and vaginal tract, and healthy individuals’ skin.  
Candida species have emerged as an important nos-
ocomial pathogen in immunocompromised individu-
als with severe underlying diseases and comorbidities, 
such as patients treated in intensive care units (ICU) 
[1]. In the last few decades oral Candidiasis have 
emerged as an important hospital acquired infection 
in immune-compromised patients with severe condi-
tions and comorbidities, such as patients undergone 
chemotherapy or radiotherapy after surgical removal 
of oral cancer tissue [2,3]. 

Candida albicans has been reported as the predom-
inant species recovered from different clinical speci-
mens worldwide. However, in the last few decades 
some other species of genus Candida have become 
increasingly prevalent. The distribution of Candida 
varies according to the environmental conditions and 
the geographic areas. The most commonly reported 
non-albicans candida species in studies from central 
and northern Asia is Candida glabrata [4-6]. The oth-
er Candida species are less frequent, although Candi-
da tropicalis infections have increased globally. The in-
creased frequency of Candida krusei isolation in India 
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and some other Asian countries is much higher than 
in other geographic areas. Furthermore, some new 
emerging Candida species have been reported like 
Candida africana and Candida dubliniensis, pheno-
typically similar to Candida albicans, similarly Candi-
da bracarensis and Candida nivariensis, closely related 
to Candida glabrata [7]. 

Most of the cases, identification of Candida to the 
species level helps to predict their drug resistance. The 
acquisition of resistance is observed mainly in restrict-
ed clinical settings due to prolonged antifungal therapy 
[5]. The rise of non- albicans Candida species isolation 
is followed by a larger proportion of isolates that are 
fluconazole resistant. Candida krusei is inherently re-
sistance to fluconazole and reported as multidrug-re-
sistant (MDR) pathogenic yeast due to its decreased 
susceptibility to both amphotericin B and fluorocyto-
sine [8,9]. Increasing number of Candida glabrata iso-
lates reported as resistant to fluconazole. Many strains 
of Candida bracarensis were resistant to amphotericin B 
or showed a decreased susceptibility to it. Understand-
ing the local epidemiology of Candida is critical for 
clinical management and therapy of candidiasis partic-
ularly in patients with oral cancer [10].

As a result, it’s critical to understand the incidence 
and diversity of Candida as well as their phenotypic 
and genotypic traits. From a variety of molecular tech-
niques, PCR-based approaches for molecular typing 
are applied with most success to make it more accu-
rate and a suitable tool for epidemiological study of 
Candida species on local basis.

AIM
The aim of the present study was to analyze the ge-

netic relatedness and antifungal susceptibility pattern 
among Candida isolates recovered from the oral can-
cer patients by randomly amplified polymorphic DNA 
assay (RAPD).

MATERIALS AND METHODS 
The present study was conducted at Santosh Med-

ical College, Ghaziabad, U.P. & VarunArjun Medical 
College & Rohilkhand Hospital, Shahjahanpur, Uttar 
Pradesh. One hundred and twenty-three oropharyn-
geal cancer patients hospitalized between 2019 to 2021 
were selected for the study. The random sampling was 
performed which included 74 (60.1%) males and 49 
(39.8%) females with the average age of 64 years (range 
18–93) from Western part of Uttar Pradesh. Patients 

of all age groups and both genders were included with 
or without any comorbidity. Patients who has taken 
antifungal drugs were excluded in this study. 

Oropharyngeal swabs were cultured by semi-quan-
titative method on Sabouraud dextrose agar (SDA) 
and Hi Chrome (Himedia, India) agar. The agar plates 
were incubated at 37 ºC for 48 hours. The species 
identification was primarily based on the colony color 
of the Candida isolates on Hi-chrome agar. For con-
firmation of the species the testing of the biochemical 
profiles was made using sugar assimilation, germ tube 
test and chlamydospore formation in corn meal agar 
(Himedia, India). Additionally, molecular character-
ization of Candida albicans and Non-albicans Candi-
da isolates was performed using randomly amplified 
polymorphic DNA assay (RAPD). 

In vitro antifungal susceptibility test was performed 
against fluconazole, amphotericin B, fluorocytosine, 
nystatin and voriconazole by disk diffusion method, 
according to the M27-A3 guidelines of Clinical and 
Laboratory Standards Institute criteria. The reference 
strains included Candida albicans ATCC 90028 and 
Candida glabrata ATCC 2001[11,12].

Candida chromosomal DNA was extracted for 
molecular tests with Genomic Mini AX YEAST iso-
lation kit (A&A Biotechnology, Gdynia, Poland), ac-
cording to the manufacturer’s instructions. Candida 
isolates was identified and genotyped by PCR tech-
nique. DNA amplification was carried out in a T per-
sonal thermocycler (Biometra, Gottingen, Germany). 
DNA fragments were separated by 2% agarose gel 
electrophoresis and visualized with ethidium bromide 
staining (Sigma-Aldrich Chemie, Munich, Germany). 
Size of the PCR product was determined by compar-
ing with the molecular weight standard (O’Gene Ruler 
100 bp DNA Ladder Plus; Thermo Fisher Scientific, 
Waltham, Massachusetts, USA) [13].

Molecular identification of C. albicans was 
carried out by PCR assay with CR-f (5–GC-
TACCACTTCAGAATCATCATC–3) and CRr 
(5–GCACCTTCAGTCGTAGAGACG–3) spe-
cies-specific primers targeting the HWP1 gene as 
previously described. The PCR conditions were as 
follows: denaturation at 95°C for 2 min, 30 cycles of 
denaturation at 94°C for 45 s, annealing at 58°C for 
40 s, and extension at 72°C for 55 s, followed by a fi-
nal extension at 72°C for 10 min [14,15]. Molecular 
confirmation of C. glabrata species was performed by 
PCR reaction with CGL1 (5–TTATCACACGACTC-
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GACACT–3) and CGL2 (5–CCCACATACTGA-
TATGGCCTACAA–3) primers, Amplification was 
carried out with an initial denaturation at 95°C for 2 
min, followed by 40 cycles consisting of denaturation 
at 94°C for 30 s, annealing at 58°C for 30 s, and elon-
gation at 72°C for 30 s, and a final extension at 72°C 
for 10 min [16].

The Genetic relatedness among the clinical C. albi-
cans and non-albicans Candida isolates were character-
ized by RAPD assay. Five arbitrary primers CD16AS, 
HP1247, ERIC-2, OPE-3 and OPE-18 (Genomed, 
Warszawa, Poland), previously applied in our study, 
were used in the analysis. Due to the low discrimina-
tory power of OPE-18 we excluded this primer from 
the analysis of genetic relatedness among non-albicans 
Candida isolates. 

PCR was conducted with the following cycle pro-
file: one cycle at 95°C for 2 min, followed by 40 cycles 
at 95°C for 1 min, 36°C for 1 min, 72°C for 2 min, and 
a final extension at 72°C for 5 min. Similarity analysis 
of RAPD patterns was carried out with the BIO 1D++ 
software (Vilber- Lourmat, Marne La Vallee, France). 
Therefore, the digital images of RAPD patterns ob-
tained with all the primers tested were used for com-
parison and clustering. In each sample the presence (1) 
or absence (0) of RAPD bands was scored in a binary 
matrix. The study was approved by the Ethics Com-
mittee of Santosh Medical College, Ghaziabad, U.P. & 
VarunArjun Medical College & Rohilkhand Hospital, 
Shahjahanpur, Uttar Pradesh [17].

RESULTS
A total of 377 oropharyngeal cancer patients hos-

pitalized between 2019 to 2021 were selected for the 
study. Random sampling was performed which in-
cluded 292 (78.8%) males and 85 (21.2%) females 
with an average age of 64 years (range 18–93) from 
western part of Uttar Pradesh. The male: female ratio 
was 3.4:1. Higher percentage of culture positive was 
observed in male (Table No 1)

Table No. 1
Gender Wise Distribution of Patients.

Gender Total 
Number 
of cases 

Percent-
age

Number of 
culture posi-

tive cases 

Percent-
age

Male 292 78.8 126 43.1 
Female 85 21.2 26 30.6 

Out of the 377 oropharyngeal cases, 152 (40.3%) 
cases were culture positive for Candida spp. Of the 
152 culture positive cases, 191 Candida strains 
were isolated. Maximum percentage of positivity 
was observed in the age group 51-60 year (Table 
No.2). 

Table No 2: 
Age Wise Distribution of Patients.

Age (in 
years)

Total number 
of Cases

Culture Posi-
tive Cases

Percentage of 
Positivity

31-40 107 35 32.7

41-50 114 49 42.9

51-60 93 40 43.0

61-70 53 25 47.2

≥71 10 3 30.0 

Total 377 152 40.3 

Of the 377 oropharyngeal cases, 206 (54.6 %) cases 
were from urban areas while 171 (45.4 %) were from 
the rural area. Of the 152 culture positive cases 88 
(42.7 %) were urban and 64 (37.4 %) from the rural 
area. Maximum percentage of positivity was observed 
in the urban area (Table No.3). 

Table No 3
Residence Wise Distribution of Patients. 

Residence Total 
number of 

cases

Percent-
age

Number 
of culture 
positive 

Percent-
age

Urban 206 54.6 88 42.7

Rural 171 45.4 64 37.4 

 
Of the 377 oral cancer cases, 152 (40.3%) cases 

were culture positive for Candida species. A total of 
191 isolates were recovered from oral cavity of 152 
cancer patients with oral candidiasis. The isolates 
included Candida albicans (n = 42, 22.0%), Candida 
tropicalis (n = 36, 18.8%), Candida parapsilosis (n = 
34, 17.9%), Candida dubliniensis (n= 30, 15.7%), Can-
dida krusei (n= 30, 15.7%), Candida glabrata (n = 19, 
9.9%). (Table No. 4)

A total of 142 (74.3%) isolates were susceptible to 
Miconazole followed by 112 (58.6%) to ketoconazole, 
111 (58.1 %) to Itraconazole, and Clotrimazole.
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Genotypic identification of C. albicans, C. tropi-
calis, C. parapsilosis, C. dubliniensis, C. krusei, and C. 
glabrata were carried out by the Genomic Mini AX 

YEAST isolation kit (A&A Biotechnology, Gdynia, 
Poland) according to the manufacturer’s instructions 
for the DNA extraction followed by the PCR. 
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Table No. 4: 
Candida Species Profile and Sensitivity Pattern of Candida Isolates. 

Isolate No. of isolates Ampho Keto Flu Itra Clotri Nyst Micona

C. albicans 42 16 21 12 23 36 17 33

C. tropical 36 11 15 10 21 8 13 25

C. parapsilosis 34 11 10 14 16 16 14 24

C. dubliniensis 30 14 21 10 20 9 23 26

C. krusei 30 22 26 12 24 15 12 19

C. glabrata 19 19 19 9 7 10 10 14
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Fig No. 1: DNA Extraction of the Candida albicans isolates

 

Fig No.2: DNA Extraction of the Non-albicans Candida. 

All the isolates were subjected to PCR assay using 
primers targeting the HWP1 gene and were identified 
as C. albicans, as a 1000-bp fragment was amplified. 
In case of non albicams Candida all the isolates, an-
alyzed with the use of the primers for amplification 
of the ITS region, a 420-bp band was detected for 
non albicans Candida. Genetic relatedness was not 
observed in this study. 

DISCUSSION: 
Candida species have now emerged as important 

pathogens in immunocompromised patients. Noso-
comial infections are basically of endogenous origin. 
Nevertheless, some cases of exogenous candidiasis 
have also been reported.

Due to the increasing incidence of new emerging 
species closely related to C. albicans and non-albicans 
Candida spp. application of PCR-based molecular 
methods to identify them is crucial [18,19].

A total of 191 isolates of Candida were recovered 
from oral cavity of 142 (37.7%) cancer patients with 
oral candidiasis. In our study the maximum number 
of isolates of Candida spp. was the Candida albi-
cans. Our study was in support with the study per-
formed by another author where the prevalence of 
Candida albicans was highest [20, 21]. In our study 

the rate of Candida spp. recovered from patients of 
oral cancer was high. This study was parallel to the 
other studies performed by Chelenz et al., [22] and 
Zollner-Schwetz et al, [23] where Candida albicans 
was the most common isolate. In our study the rate 
of isolation in males was more as compared to the 
females. This study was in contrast with the study 
by Mehrnoush M. et al [24], where the number of 
females was more. Maximum number of cases were 
found in the age group above 40 years which is in 
support with the study performed by other authors 
[24] where in female numbers were higher. Many in-
vestigations have shown that C. albicans is the most 
typical cause of colonization as well as oral candi-
diasis among cancer patients [25] C. albicans is rec-
ognized as the most common cause of colonization 
and candidiasis in patients the increase in non-albi-
cans Candida species such as C. glabrata, C. krusei, 
C. parapsilosis and C. tropicalis has been reported by 
several researchers in recent decades [26].

In the study by Betts et al., the most common spe-
cies of non-albicans Candida was the C. tropicalis and 
C. krusei (11%). In the present study also the most 
prevalent non-albicans Candida species was the C. 
tropicalis and C. parapsilosis.

Fluconazole is a triazole antifungal agent that is 
used as the first line of systemic therapy in patients 
undergoing chemotherapy. On the other hand, fluco-
nazole and amphotericin B are widely used for pro-
phylaxis of fungal infections in neutropenic patients 
especially with malignancies [27]. In this study, C. 
albicans isolates showed the highest resistance to flu-
conazole followed by and lastly by nystatin while the 
resistance of isolated non-albicans Candida species 
to fluconazole and amphotericin B was more as com-
pared to nystatin. This finding was in support with 
the other studies [28]. In our study 51.4 % of the test 
isolates were resistant to amphotericin B including 
65.2% and 57.1 of C. tropicalis and C. albicans species 
respectively. On the other hand, in an investigation 
conducted by Haddadi and colleagues’ resistance to 
amphotericin B was reported in C. albicans, C. kru-
sei, and C. glabrata species [29]. The drug resistance is 
common in fungal species as well similar to bacterial 
microorganisms [30,31]. The antifungal treatment is 
affected by inherent immunity of subjects as well [32-
34]. Nevertheless, the study findings are to be applied 
in clinical research keeping in mind the limitations of 
the present study [35].
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CONCLUSION: 
We concluded that the early diagnosis and iden-

tification of fungal pathogens for targeted antifungal 
therapy is essential. Antifungal drugs Fluconazole, 
Amphotericin B are being used for the treatment 
of candidiasis over decades. Application of topical 
itraconazole is advisable in the first stage of treatment 
and even for the prevention of high-risk patients be-
cause most Candida isolates were susceptible to this 
drug while the increasing resistance to Fluconazole 
and Amphotericin B demands novel antifungal drugs 
with a different function. Genetic relatedness was not 
observed in this study and all the isolates were endog-
enous. However, more clinical trials are needed for ep-
idemiological studies. 
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