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Abstract
Background: Patients undergoing radiation therapy for oral squamous cell carcinoma (OSCC) have an increased risk of developing oral candidiasis. Radiationinduced hyposalivation is
thought to be a major predisposing factor for it. Radiation therapy for 2–3 weeks leads to increase in the number of candidal species in the oral cavity, eventually leading to oral
candidiasis. Objective: To evaluate and correlate the prevalence of candidal species in the oral cavity of OSCC patients and to compare with radiation dosage at 3rd and 6th week
following radiotherapy. Materials and Methods: This study includes fifty patients undergoing radiation therapy for OSCC. Patients were examined at 3rd and 6th week following radiation
therapy, and smear samples were obtained from lesional sites and the radiation dose was recorded. Smear samples were cultured on CHROMagar, and identification of various candidal
species was done on the basis of colony color and their morphology. Results: The present study isolated four types of candidal species, namely, Candida albicans, Candida glabrata,
Candida tropicalis and Candida krusei. All the organisms, except C. krusei, showed a significant increase from 3rd to 6th week of radiotherapy whereas C. glabrata and C. tropicalis
showed a sudden exponential increase. Total radiation dosage did not show any correlation to candidal colonization at 3rd and 6th week following radiotherapy. Conclusion: OSCC
patients undergoing radiotherapy show an increase in candidal colonization which is independent of radiation dosage and may be related to other factors. However, such findings should
be further evaluated using a larger sample size.
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Introduction

Candida is a part of the normal oral flora. The balance between candidal colonization and mucosal candidiasis depends on the effectiveness of the host defenses which can be affected
by radiation therapy besides other factors.
Patients with head and neck cancer are subjected to high doses of radiotherapy in the oral cavity, which cause many adverse reactions. Typical early side effects are mucositis and
xerostomia accompanied by oral colonization and infection with Candida. Compromised salivary function secondary to destruction of glandular tissue by radiation is thought to be a major
factor leading to candidal infection. Among the candidal infections, Candida albicans is the most predominant organism to be isolated. Recently, other candidal species have also been
identified such as Candida glabrata, Candida dubliniensis, Candida guilliermondii, Candida krusei, Candida lusitaniae, Candida parapsilosis, Candida tropicalis and Candida kefyr.[1]
CHROMagar is a one such novel, differential culture medium that facilitates the isolation and identification of multiple candidal species on the basis of colony color.[2]
An attempt has been done in this study to isolate and culture multiple candidal species by using CHROMagar and to evaluate whether radiation dose is directly related to increase in
candidal species in the oral cavity of oral squamous cell carcinoma (OSCC) patients undergoing radiotherapy.

Materials and Methods

Study sample size
The study included a total of fifty individuals diagnosed with OSCC who reported to the Department of Radiology, Kidwai Memorial Institute of Oncology, Bengaluru. The patients were
examined, and data regarding age, gender, site of occurrence of OSCC, size of lymph node, distant metastasis and histopathological grading were obtained and documented. For the
study purpose, the samples were divided into two groups. The first group included patients who were examined at time point 3rd week (n = 50) following radiotherapy and second group
included same patients examined at time point 6th week (n = 50) following radiotherapy. The radiation doses at the 3rd and 6th weeks were also recorded and smear samples were
obtained from lesional sites using sterile swabs [Figure 1]. The protocol for the present study was approved by the Institutional Ethics Committee.{Figure 1}
Sample collection
The study sample was collected from the patients after thorough clinical examination with their consent. Relevant case history was recorded and photographs were taken. The patient
was asked to open the mouth wide open or as much as possible. With aseptic techniques, sterile swab was removed from its container and rolled over the lesional surface to collect the
sample. The swab was again placed back immediately into the container to prevent any contamination and sent to the laboratory.
Laboratory methods
The collected swabs were inoculated onto CHROMagar plates and then incubated at 37°C for 48 h. The identification of candidal species was made by utilizing the colony color and
morphological characteristic on the CHROM agar culture plates [Table 1]. The colony count was performed using a digital colony counter by placing the plates on the illuminating surface

of the digital colony counter. The magnifying glass on the digital colony counter was adjusted to have a good look of the colonies. The tip of the marker pen supplied along with the digital
colony counter was touched over the colonies present on the plate, and the number of colony forming units (CFUs) per plate was counted. All the colonies on the plate were considered
for total CFUs and individual Candida types were separated on the basis of colony color, and morphological characteristics and their CFU were also calculated.{Table 1}

Results

The present study constituted a total of fifty subjects. Swabs were collected from the lesional sites following radiotherapy at two intervals of time (time point at 3rd week and time point at
6th week).
Out of fifty patients, 31 (62%) were males and 19 (38%) were females, with a mean age of 54.74 ± 12.53 years (mean ± standard deviation). The patients were irradiated with a mean
radiation dosage of 31.66 ± 0.35* and 61.54 ± 0.60* at 3rd week and 6th week, respectively (P = 0.00001). [Table 2] shows comparison of the mean of total CFUs (tCFUs) using paired t
test at time points 3rd week (58.36 ± 4.27)* and 6th week (100.26 ± 4.35)* and shows a significant correlation with P = 0.00001. The comparison of the mean CFU of C. albicans (green)
[Figure 2] and [Graph 1], C. krusei (rose pink) [Figure 3] and [Graph 2], C. tropicalis (blue) [Figure 4] and [Graph 3] and C. glabrata (creamish white) [Figure 2] and [Graph 4] was done at
time point 3rd week and 6th week using paired ttest. It showed a significant correlation with C. albicans (P = 0.038), C. tropicalis (P = 0.001), C. glabrata (P = 0.008) and insignificant
correlation with C. krusei (P = 0.94) as shown in [Table 3].{Figure 2}{Figure 3}{Figure 4}[INLINE:1][INLINE:2][INLINE:3][INLINE:4]{Table 2}{Table 3}
Total radiation dosage at 3rd week was compared with the tCFUs at 3rd week, C. albicans colonies (green), C. krusei colonies (rose pink), C. tropicalis colonies (blue) and C. glabrata
colonies (creamish white) using Karl Pearson's correlation coefficient method. Pearson's correlation shows a negative value (inverse relation) with respect to tCFUs at 3rd week (r = –
0.0904) and C. glabrata colonies (r = –0.2043) and shows a positive value with respect to C. albicans colonies (r = 0.0074), C. krusei colonies (r = 0.0082) and C. tropicalis colonies (r =
0.0133). However, these findings were insignificant as P value was more than 0.05 as shown in [Table 4]. Similarly, total radiation dosage at 6th week was compared with the same
variables as for 3rd week using Karl Pearson's correlation coefficient method which established a negative value (inverse relation) with all the variables showing insignificant correlation,
with a P value of more than 0.05 as shown in [Table 5].{Table 4}{Table 5}
A significant (P < 0.05) direct correlation was established using Karl Pearson's correlation for time point 3rd week between tCFUs and C. albicans colonies (r = 0.4740), tCFUs and C.
krusei colonies (r = 0.4085), tCFUs and C. tropicalis colonies (r = 0.4042) and tCFUs and C. glabrata colonies (r = 0.6377). However, for time point 6th week, a significant (P < 0.05)
direct correlation was seen for all the variables as in for time point 3rd week, except for correlation between tCFUs and C. krusei colonies (r = 0.2100) which was insignificant (P > 0.05).

Discussion

Oral cancer is the sixth most common cancer worldwide. The development of OSCC is associated with habits such as chewing tobacco, betel quid, or areca nut along with alcohol
producing a synergistic effect. The mutagenic effects of tobacco, betel quid, or areca nut and alcohol depend on dose, frequency, duration of use and are exaggerated by the concurrent
use of two or more of these agents.[4] In India, oral cancer appears to be the most common cancer in males and the third most common cancer in females.[5] The present study reported
a strong predilection for males (62%) than in females (38%), with a mean age of occurrence to be 54.9 in males and 54.4 in females.[6]
Radiations act on the nuclear DNA, leading to death or loss of its reproductive capacity. Radiotherapy has the advantage of organ preservation and is currently one of the primary modes
of treatment used to treat OSCC.[7]
Radiotherapy to the head and neck region causes salivary gland tissue damage which leads to hyposalivation. This resultant decrease in salivary flow rate may contribute to decrease in
potent antimicrobial levels, leading to the overgrowth of oral microbial species such as Candida. The studies conducted by Ramirezamador et al.[8] and NicolatouGalitis et al.[9] have
showed a definite positive correlation of radiotherapy with oral candidiasis. Subsequently, another study conducted by Redding et al.[10] showed 73% of candidal colonization in oral
cavity of OSCC in patients receiving radiotherapy. A study conducted by Grötz et al.[11] also supported the work of Ramirezamador et al.[8] and Redding et al.[10]
Oral candidiasis in OSCC patients is extensively explored using culture techniques, and numerous culture media are used for the isolation of candidal species such as cornmeal Tween
80 agar,[8] Sabouraud dextrose agar,[12] PangoLevin medium,[13] and CHROMagar.[1] However, CHROMagar appears to be a promising selective culture medium for the growth of
candidal species due to its efficiency to color and differentiate various types of Candida in culture plates. The present study utilized CHROMagar medium for culturing of candidal species
at time point 3rd week and 6th week. It demonstrated numerous smooth green colonies, smooth creamish white colonies, rough blue colonies and fuzzy rose pink colonies representing
C. albicans, C. glabrata, C. tropicalis and C. krusei, respectively.
Similar species were also identified by NicolatouGalitis et al.,[9] Belazi et al.,[1] Ramirezamador et al.,[8] Azizi and Rezaei,[14] Mucke et al.,[15] Redding et al.,[16] Pasqualotto et al.,
[17] and Bakki et al.[18] The studies conducted by Ramirezamador et al.,[8] Dambroso et al.,[19] and Suryawanshi et al.[12] showed a significant increase in candidal CFUs at various
stages of radiotherapy. The present study also demonstrated a significant (P = 0.00001) increase in total candidal colonies at time point 3rd week and 6th week following radiotherapy.
The present study indicated a significant predominance of C. albicans at time point 3rd week (P = 0.0380), followed by C. glabrata (P = 0.0008). These findings were consistent with the
studies conducted by Dambroso et al.[19] and Belazi et al.[1] This increase may be attributed to more prevalence of Candida albicans species in the oral cavities of both healthy and
diseased[20] or it may be due to decreased immune response of the oral mucosa as a consequence of the secretory dysfunction resulting due to radiotherapy or it may simply be a
resultant of radiotherapyrelated opportunistic infection of Candida in which C.albicans has taken a leading role.[21]
The present study also showed very low populations of C. krusei and C. tropicalis at the time point 3rd week, which was consistent with studies as that of Redding et al.,[16] Belazi et al.,
[1] and NicolatouGalitis et al.,[9] all of which demonstrated a relatively low number of C. krusei and C. tropicalis in the oral cavity of OSCC patients undergoing radiotherapy. However,
the present study showed a significant drastic increase in C. tropicalis population at time point 6th week.
NonC. albicans Candida (NCAC) species have been described as emerging species which cause fungal infections in immunocompromised hosts.[22] Redding et al.[10] for the first time
reported oral mucosal infection by C. glabrata in head and neck cancer patients undergoing radiotherapy. In a study, Dambroso et al.[19] demonstrated a higher frequency of NCAC
species (C. glabrata, C. tropicalis, C. parapsilosis) in the oral cavity of head and neck cancer patients and stated that ionizing radiation not only enhances the frequency of Candida
colonization but also enables colonization by species that are normally absent in healthy hosts. In the present study, the drastic increase in C. tropicalis and C. glabrata is in par with
findings of Dambroso et al.[19] and such an increase may be reflected upon ionizing radiation.
Various studies indicate the relative increase in Candida colonization when the radiation dosage is increased.[19] The study conducted by Jham et al.[23] showed that the combination of
radiotherapy and chemotherapy indicated a significant increase in oral Candida colonization. Another study conducted by Dahiya et al.[24] indicated an increase in candida colonization
in OSCC patients with neutropenia receiving radiotherapy. Further, the study conducted by Jham et al.[25] demonstrated that the candidal colonization in the oral cavity of OSCC patients
undergoing radiotherapy was independent of radiation dosage. The present study is in favor of the study conducted by Jham et al.[25] The above findings suggest that radiotherapy
alone may not influence candidal growth in the oral cavity of OSCC patients undergoing radiotherapy. The candidal growth in the oral cavity may also be related to other factors such as
chemotherapy, genetic background and the physiological state of the host,[26] several fungal survival factors,[27] influence of environmental condition in which the fungi are growing,[28]
radiation tolerance of salivary gland,[29] and patienttopatient variation of threshold levels.

Conclusion

The present study demonstrates an increase in candidal colonization in the oral cavity of OSCC patients undergoing radiotherapy from 3rd week to 6th week. However, the radiation
dosage did not show any definitive significant correlation with candidal colonization in the oral cavity. Thus, candidal colonization in the oral cavity of OSCC patients undergoing
radiotherapy is independent of radiation dosage and may be attributed to various confounding factors.[8],[26],[27],[28] The study also demonstrated a drastic increase in C. tropicalis and
C. glabrata population in the 6th week following radiotherapy which favors the point that ionizing radiation influences the colonization of NCAC. However, further studies are required to
validate these findings with relatively larger sample size.

Acknowledgment
We would like to extend their sincere thanks to Dr. K.P.R Pramod, Head of the Department of Radiation Oncology, and Dr. Giri G.V, Professor and Head of Unit, Department of Radiation
Oncology, Kidwai Memorial Institute of Oncology and Research Centre, for their immense cooperation and support.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.

References
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Belazi M, Velegraki A, KoussidouEremondi T, Andreadis D, Hini S, Arsenis G, et al. Oral Candida isolates in patients undergoing radiotherapy for head and neck cancer:
Prevalence, azole susceptibility profiles and response to antifungal treatment. Oral Microbiol Immunol 2004;19:34751.
Odds FC, Bernaerts R. CHROMagar Candida, a new differential isolation medium for presumptive identification of clinically important Candida species. J Clin Microbiol
1994;32:19239.
Sahand IH, Maza JL, Eraso E, Montejo M, Moragues MD, Aguirre JM, et al. Evaluation of CHROMPal medium for the isolation and direct identification of Candida dubliniensis
in primary cultures from the oral cavity. J Med Microbiol 2009;58(Pt 11):143742.
Feller L, Lemmer J. Oral squamous cell carcinoma: Epidemiology, clinical presentation and treatment. J Cancer Ther 2012;3:2638.
Khan Z. An overview of oral cancer in Indian subcontinent and recommendations to decrease its incidence. Cancer 2012;3:15.
Neville B, Douglas D. Damm, Carl M. Allen and Jerry Bouquot. Oral & Maxillofacial Pathology, 2nd Edition; Philadlphia, Pennsylvania: Saunders; 2004.
Spencer KR, Ferguson JW, Wiesenfeld D. Current concepts in the management of oral squamous cell carcinoma. Aust Dent J 2002;47:2849.
RamirezAmador V, Silverman S Jr., Mayer P, Tyler M, Quivey J. Candidal colonization and oral candidiasis in patients undergoing oral and pharyngeal radiation therapy. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 1997;84:14953.
NicolatouGalitis O, Dardoufas K, Markoulatos P, SotiropoulouLontou A, Kyprianou K, Kolitsi G, et al. Oral pseudomembranous candidiasis, herpes simplex virus1 infection,
and oral mucositis in head and neck cancer patients receiving radiotherapy and granulocytemacrophage colonystimulating factor (GMCSF) mouthwash. J Oral Pathol Med
2001;30:47180.
Redding SW, Kirkpatrick WR, Coco BJ, Sadkowski L, Fothergill AW, Rinaldi MG, et al. Candida glabrata oropharyngeal candidiasis in patients receiving radiation treatment for
head and neck cancer. J Clin Microbiol 2002;40:187981.
Grötz KA, Genitsariotis S, Vehling D, AlNawas B. Longterm oral Candida colonization, mucositis and salivary function after head and neck radiotherapy. Support Care Cancer
2003;11:71721.
Suryawanshi H, Ganvir SM, Hazarey VK, Wanjare VS. Oropharyngeal candidosis relative frequency in radiotherapy patient for head and neck cancer. J Oral Maxillofac Pathol
2012;16:317.
Byadarahally Raju S, Rajappa S. Isolation and identification of Candida from the oral cavity. ISRN Dent 2011;2011:487921.
Azizi A, Rezaei M. Prevalence of Candida species in the oral cavity of patients undergoing head and neck radiotherapy. J Dent Res Dent Clin Dent Prospects 2009;3:7881.
Mücke R, Kaben U, Libera T, Knauerhase H, Ziegler PG, Hamann D, et al. Fluconazole prophylaxis in patients with head and neck tumours undergoing radiation and
radiochemotherapy. Mycoses 1998;41:4213.
Redding SW, Bailey CW, LopezRibot JL, Kirkpatrick WR, Fothergill AW, Rinaldi MG, et al. Candida dubliniensis in radiationinduced oropharyngeal candidiasis. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2001;91:65962.
Pasqualotto AC, Antunes AG, Severo LC. Candida guilliermondii as the aetiology of candidosis. Rev Inst Med Trop Sao Paulo 2006;48:1237.
Bakki SR, Kantheti LP, Kuruba KK, Poosarla C, Baddam VR, Mulakaluri RR. Candidal carriage, isolation and species variation in patients undergoing radiotherapy and
chemotherapy for head and neck tumors. J Dr NTR Univ Health Sci 2014;3:2834.
Dambroso D, Svidzinski TI, Svidzinski AE, Dalalio MM, Moliterno RA. Radiotherapy effect on frequency of candida species and on virulence of Candida albicans isolated from
the oral cavity of head and neck cancer patients. Rev Cienc Farm Basica Apl 2009;30:1539.
Meurman JH, Siikala E, Richardson M, Rautemaa R. Noncandida albicans Candida yeasts of the oral cavity. Communicating Current Research and Educational Topics and
Trends in Applied Microbiolgy. A MendezVilas (Ed) 2007;1:71931.
Dineshshankar J, Sivakumar M, Karthikeyan M, Udayakumar P, Shanmugam KT, Kesavan G. Immunology of oral candidiasis. J Pharm Bioallied Sci 2014;6:912.
Redding SW, Dahiya MC, Kirkpatrick WR, Coco BJ, Patterson TF, Fothergill AW, et al. Candida glabrata is an emerging cause of oropharyngeal candidiasis in patients receiving
radiation for head and neck cancer. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2004;97:4752.
Jham BC, Reis PM, Miranda EL, Lopes RC, Carvalho AL, Scheper MA, et al. Oral health status of 207 head and neck cancer patients before, during and after radiotherapy. Clin
Oral Investig 2008;12:1924.
Dahiya MC, Redding SW, Dahiya RS, Eng TY, Kirkpatrick WR, Coco BJ, et al. Oropharyngeal candidiasis caused by nonalbicans yeast in patients receiving external beam
radiotherapy for headandneck cancer. Int J Radiat Oncol Biol Phys 2003;57:7983.
Jham BC, França EC, Oliveira RR, Santos VR, Kowalski LP, da Silva Freire AR. Candida oral colonization and infection in Brazilian patients undergoing head and neck
radiotherapy: A pilot study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;103:3558.
Elahi S, Pang G, Clancy R, Ashman RB. Cellular and cytokine correlates of mucosal protection in murine model of oral candidiasis. Infect Immun 2000;68:57717.
Schaller M, Mailhammer R, Grassl G, Sander CA, Hube B, Korting HC. Infection of human oral epithelia with Candida species induces cytokine expression correlated to the
degree of virulence. J Invest Dermatol 2002;118:6527.
Gow NA. Growth and guidance of the fungal hypha. Microbiology 1994;140(Pt 12):3193205.
Cooper JS, Fu K, Marks J, Silverman S. Late effects of radiation therapy in the head and neck region. Int J Radiat Oncol Biol Phys 1995;31:114164.

Wednesday, June 7, 2017

Site Map | Home | Contact Us | Feedback | Copyright and Disclaimer

