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To Science and the never-ending quest for knowledge:

“Knowledge always demands increase; it is like fire, which must first be kindled by some
external agent, but will afterwards always propagate itself”~ Samuel Johnson



ABSTRACT

Chemotherapy and radiation therapy are fundamental treatments for malignancies. Due to these
cancer therapies, patients have a greater predisposition towards mucositis and oral candidiasis.
Oral candidiasis is caused by Candida species. Not much is known about the effect that cancer
treatments have on the virulence determinant and antimicrobial sensitivity of C. albicans isolated
from the oral cavities of cancer patients. The aim of this study was to investigate the effect of
cancer treatment on the virulence and antifungal sensitivities of C. albicans isolated from the
oral cavities of cancer patients undergoing radiotherapy and chemotherapy in a South African

tertiary hospital.

Patients diagnosed with cancer and scheduled for either radiation therapy or chemotherapy
attending Charlotte Maxeke Johannesburg Academic Hospital and normal healthy laboratory
personnel were asked to volunteer for the study. Samples of oral rinse were collected and
processed for the quantification and identification of Candida species. Twenty C. albicans
strains from each of the normal healthy individual group and radiotherapy group and 29 strains
from chemotherapy group were selected. Tests were performed to detect germ tube formation,
production of phospholipase and proteinase and antifungal sensitivity. Results of radiotherapy
and chemotherapy groups were compared with results of normal individuals using a Scheffe test

for pairwise comparison and a chi square test.

The results showed that the prevalence of C. albicans carriage was not significantly higher in

cancer patients undergoing radiotherapy (40%) and chemotherapy (49.15%) compared to the



normal healthy individuals (42.8%). The mean C. albicans counts were also not significantly
different between the three groups. However, many cancer patients undergoing radiotherapy
(30%) and chemotherapy (17%) yielded > 1000 cells of C. albicans per ml of the oral rinse
compared to the normal individuals (0%). > 1000 cells per ml indicates that there is great
proliferation of the cultured organism. C. albicans was the predominant species of Candida
isolated from all three groups. However, multiple Candida species were carried by cancer
patients on radiotherapy (22.73%) and chemotherapy (13.33%) compared to the normal healthy
individuals (0%). C. glabrata was the predominant non-albicans Candida species. Although
germ tube formation was not significantly different in the C. albicans isolates from many cancer
patients on radiotherapy (85%) and chemotherapy (69%), the production of phospholipase was
significantly (p=<0.01) high compared to the isolates from normal individuals (25%).
Significantly (p=<0.01) high numbers of C. albicans isolates from cancer patients on
radiotherapy (95%) produced proteinase compared to the isolates from normal individuals
(60%). However, the quantity of proteinase produced by isolates from three groups was not
significantly different. The C. albicans strains were sensitive to all the antifungal agents that are
commonly used, such as itraconazole, fluconazole, voriconazole, caspofungin and amphotericin
B, with the exception of four strains being resistant to flucytosine and two strains to

posaconazole.

In conclusion, this study has shown that although the prevalence of C. albicans in cancer patients
undergoing radiotherapy and chemotherapy is similar to the normal healthy individuals, many
cancer patients that are on any therapy carried high numbers of virulent C. albicans and multiple

Candida species in their oral cavities. These C. albicans strains were mostly sensitive to the



\

antifungal agents that are commonly used, namely fluconazole, amphotericin B, itraconazole and
caspofungin. The frequent development of Candida infection in cancer patients on radio- and
chemotherapy can be attributed to virulent C. albicans and the role of non-albicans Candida

cannot be ruled out.
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PREFACE

Much has been published about the prevalence of oral candidiasis caused by C. albicans in
cancer patients. However, to date not much is known about their virulent traits and antifungal
sensitivities. The purpose of this study was to collate and compare the virulence characteristics
and antifungal sensitivities of C. albicans isolated from cancer patients undergoing either

chemotherapy or radiotherapy as well as a control group of subjects.



1. INTRODUCTION AND LITERATURE REVIEW

The treatment of cancer is accomplished by means of radiotherapy, chemotherapy and surgical
excision. Chemotherapy and radiotherapy act on rapidly replicating malignant cells, by either
arresting their reproduction or by destroying them. This may prove to be beneficial in
eliminating the cancer. However, at the same time, these therapies are extremely intense and
potentially toxic to human cells. The cells that line the gastrointestinal tract from the oral cavity
to the rectum are vulnerable, as these cells are in a state of constant renewal. The mucosal cells
become damaged and more fragile, and an associated mucositis may be induced. The inflamed

mucosa is painful, debilitating, and has an adverse effect on patients’ quality of life.

These patients on radiotherapy and chemotherapy also have an increased predisposition towards
candidal colonization and the succeeding manifestation of oral candidiasis. Under ordinary
conditions, these fungal organisms co-exist with the other microorganisms of the normal oral
microflora and do not cause disease. However, changes in the oral and systemic environment,
such as drugs or disease induced immunosuppression, imbalance in the oral flora, radiotherapy
induced hyposalivation, and local tissue damage can result in an overgrowth of these fungal
species. This leads to clinical oral fungal infections. Cancer patients receiving radiation therapy
and chemotherapy are prone to all of the aforementioned predisposing factors and are therefore
considered to be at higher risk for oral fungal infection than the general population (Lalla et al,
2010). In debilitated, immunocompromised cancer patients receiving therapy, the course of an
oral candidal infection is unpredictable, and in some instances can be life threatening, in the

event that it leads to disseminated candidiasis.



Determining exactly how the transformation from a meek commensal to a pathogen takes place
and how it can be prevented is a continuing challenge for the medical mycology field. Virulence
factors are important contributors towards the transition. There is also a trend of growing
resistance to antifungal drugs. Not much is known about the virulence of C. albicans isolated

from the oral cavities of patients undergoing cancer therapies.

Therefore, the current study was undertaken to determine the virulence and antifungal
susceptibilities of C. albicans isolates from patients undergoing cancer therapy in a South

African tertiary hospital.



1.1 HEAD AND NECK MALIGNANCIES AND TREATMENT

Head and neck cancers comprise of cancers originating in either the lips, salivary glands, oral
and nasal cavities, pharynx or larynx. Oral cancer is a serious and growing problem in many
parts of the globe. Oral and pharyngeal cancers grouped together are the sixth most common type
of cancer in the world. More than 90% of oral malignancies in the aerodigestive tracts are
squamous cell carcinomas. The aetiology of these types of cancers is multifactorial. Risk factors
such as tobacco and alcohol misuse, betel quid usage, sunlight and radiation have been strongly

implicated (Warnakulasuriya et al, 2009).

Chemotherapy, radiation therapy and surgical therapy are administered exclusively or
concomitantly, and are the fundamental treatments for head and neck malignancies. Unlike the
oral complications of chemotherapy that are of shorter duration and are significant for only a
short period (a few weeks to 2 months) after the cessation of chemotherapy, the oral
complications of head and neck radiation are more predictable, often more severe, and can lead
to permanent tissue changes that put the patient at risk for serious chronic complications.
Chronic complications include mucosal fibrosis and atrophy, xerostomia, xerostomia caries,
infections, tissue necrosis, taste dysfunction, muscular and cutaneous fibrosis, and dysphagia.
(Agarwal et al, 2011). The importance of the innate immune system as a first-line defense
against pathogenic challenge has long been recognized (Weindl et al, 2010). The cancer therapy

suppresses the innate immune system, which then allows opportunistic infections to flourish.



Radiation for the definitive treatment of head and neck cancers is conventionally given in daily
fractions of 1.8 grays (Gy) to 2.0 Gy, up to total doses of 66 Gy to 70 Gy over 6 or 7 weeks.
(Ang and Garden, 2002). Radiation therapy utilizes high energy particles or waves, such as x-
rays, gamma rays, electron beams or protons to destroy or damage cancer cells, which may also
affect normal tissues in the process. Head and neck cancer patients receiving radiotherapy are at
increased risk of developing oral mucositis. These patients have a 30-60% chance of developing
oral mucositis. Patients undergoing chemotherapy are also at risk of developing mucositis.
Chemotherapeutic agents affect DNA synthesis and are stomatotoxic (Naidu et al, 2004). The
chances of developing mucosal injury increases with the number of chemotherapy cycles and
previous episodes of chemotherapy-induced mucositis. The duration of radiation-induced oral
mucositis typically extends for 6-8 weeks versus the approximate 5-14 days observed in

chemotherapy patients, due to extended radiotherapy protocols (Agarwal et al, 2011).

The pathogenesis of mucositis is multifactorial and complex. In healthy individuals basal
epithelial cells, which are made up of tissue specific stem cells, progenitor cells and transient-
amplifying cells, maintain the integrity and the regenerative capacity of the epithelium. Cancer
therapies destroy these cells and their ability to maintain epithelial integrity diminishes. There is
an associated generation of reactive oxygen species (free radicals) by radiation or chemotherapy
which are also believed to exert a role in the initiation of mucosal injury by causing significant
cellular damage. These free radicals activate second messengers which cause an upregulation of
pro-inflammatory cytokines, cell death and tissue injury. In the next stage, a significant
inflammatory cell infiltrate associated with the mucosal ulcerations forms (Sonis et al, 2004).
Restoration of the epithelial integrity then occurs at a slow rate, within approximately 2-4 weeks

after the last dose of chemotherapy or radiotherapy (Lalla et al, 2008).



Clinically, oral mucositis initially presents as erythema, caused by epithelial atrophy,
inflammation and endothelial disruption, which then often progresses to erosion and ulceration.

The ulcerations are typically covered by a white fibrinous pseudomembrane.

The occurrence of oral mucositis is associated with oral candidiasis (Belazi et al, 2004). Oral
mucositis can be caused by the indirect invasion of gram-negative bacteria and fungal species. In
addition, patients are at an increased risk of oral infections when they are neutropenic, and this
happens when indirect stomatotoxicity appears (Naidu et al, 2004). Other side effects of the anti-
cancer therapies include dysgeusia (changes in taste) and dysphagia, hoarseness, erythema and
desquamation of the skin. Reduced appetite and significant weight loss as a consequence also

contribute to an overall conspicuous impairment in the patients’ quality of life.

1.2 RADIOTHERAPY-INDUCED HYPOSALIVATION

Complications of radiotherapy to the head and neck are a consequence of injury to the
vasculature, salivary glands, mucosa, connective tissue and bone. The type and severity of these
changes are directly related to radiation dosimetry, including total dose, fraction size and
duration of the treatment. If salivary tissue is in the path of the radiation beam, then destruction
of this tissue takes place. Histologic and sialochemical studies indicate both the acini and ducts
are destroyed when in the path of the radiation beam (Valdez, 1991), which directly causes
salivary quantitative and qualitative changes, due to bilateral salivary gland dysfunction (Dirix et
al, 2006). This appears about 1-3 weeks after beginning radiation therapy. Serous glands exhibit
an increased radiosensitivity when compared to mucous glands (Neville et al, 2002). Upon

significant exposure, the parotid glands are affected dramatically and irreversibly. In contrast, the



mucous glands partially recover and over several months, may achieve flow that approaches 50%

of preradiation levels.

Irradiated salivary tissue degenerates after relatively small doses, leading to a markedly
diminished salivary output (Cooper et al, 1995). The hyposalivation leads to xerostomia, a
change in saliva from a thin secretion with a neutral pH to acidic thickened viscous secretions,
which in turn facilitates yeast growth and the adherence of opportunistic C. albicans to epithelial
cells. This then leads to the manifestation of oral candidiasis with clinical signs of infection and

associated symptoms.

1.3 CANCER TREATMENT AND ORAL CANDIDIASIS

In a systematic review of oral fungal infections in patients receiving cancer therapy, Lalla et al.
(2010) confirmed the increased risk of oral fungal infections in patients receiving both
radiotherapy, as well as chemotherapy. Thirty nine respective articles were assessed.
Collectively, from all the articles combined, for all cancer treatments, the prevalence of oral
colonization with fungal organisms was 48.2% before treatment, 72.2% during treatment, and
70.1% after treatment. The prevalence of oral fungal colonization during chemotherapy (72.8%)
was similar to that during radiation (74.5%) therapy (Lalla et al, 2010). A study by Ueta et al.
(2001) reveals that anticancer drugs and irradiation have numerous effects on Candida cells.
They increase Candida cell proliferation, strengthen their adherence to epithelial cells and
increase their resistance to antifungal drugs and white blood cells. The strengthened virulent
organisms thus persist in the oral cavity for a longer period of time, and are increasingly difficult

for the immunocompromised host to eradicate.



1.3.1 Influence of radiation therapy on the oral cavity

Many research studies have been conducted to specifically determine the influence of head and
neck radiation therapy on oral candidiasis in cancer patients. In a study by Schelenz et al, (2011)
it was found that oral yeast colonization was present in 56.8% of cancer patients but only 18.9%
of them had clinical and microbiological evidence of infection. They also found that the
prevalence of oral candidiasis was highest in patients with head and neck cancers in comparison
to patients with solid tumors and haematological malignancy. In a similar study performed by
Redding et al (1999) it was noted that there was a higher rate of Candida colonization (73%) and
infections (27%) in patients receiving radiation for head and neck cancer. It is also known that
due to their immunosuppression these patients are initially already colonized with Candida and
during treatment the colonization rate was increased (Jham et al, 2007, Belazi et al, 2004, Paula
et al 1990). The studies also found that during treatment the colonization with yeasts other than
C. albicans including C. tropicalis, C. glabrata, C. krusei, and C. kefyr also increases (Paula et
al, 1990). This is important because non-albicans Candida species are more likely to spread into
the systemic circulation (Lalla et al, 2010). However, despite the increase in non-albicans
colonization, at the completion of treatment C. albicans is still the predominating colonizer in
these cancer patients (Ramirez-Amador et al, 1997). There was also no difference found
regarding the oropharyngeal candidal prevalence in patients receiving only radiotherapy
compared to patients undergoing both radiotherapy and chemotherapy treatments (Manas et al,

2012).



1.3.2 Influence of chemotherapy on the oral cavity

Patients receiving chemotherapy are often immunosupressed, which increases the risk for
acquiring opportunistic infections, including oral candidiasis. Conventional antineoplastic, novel
immunosuppressive agents and antibiotics used in cancer treatment can directly affect the
growth, development and virulence of Candida (Chen et al, 2011). Local tissue damage due to
cancer therapy-induced oral mucositis and a subsequent reduced ability to maintain oral hygiene
may also increase the risk for oral candidiasis (Lalla et al, 2010). Chemotherapy causes cytotoxic
mucositis, haemorrhage and related infections such as oral candidiasis and Herpes induced
ulcers. Chemotherapy drugs have a direct effect on the oral cavity by altering the host buccal
flora and an indirect effect on the oral cavity by means of causing chemotherapy-induced
myelosuppression (Bunetel et al 1996). Degree and duration of myelosuppression increases the

occurrence of fungal infections (Dreizen et al 1986).

The patient is most vulnerable to bacterial, fungal and viral infections beginning about the fifth
day after the start of each course of chemotherapy. Conflicting evidence suggests that certain
forms of chemotherapies, such as cytotoxic and cisplatin compounds have anti-Candida activity
and may act synergistically with antifungal drugs (Chen et al 2011). The prevalence of
candidiasis in patients undergoing chemotherapy varies from 22 to 93% (Ramirez-Amador et al,
1996, Fayle and Curson, 1991). Patients undergoing chemotherapy are also commonly
prescribed anti-emetics. These significantly decrease the salivary flow rate, and increase the

patient’s predisposition towards acquiring oral candidiasis (Wahlin, 1991).



In essence, the occurrence of a candidal infection is dependent on not only the intrinsic virulence
properties of the fungal strain, but also local and systemic metabolic factors and the effects of

antifungal and other chemotherapeutic agents in the pathogen's environment.

1.4 ORAL CANDIDIASIS

Candida infections are clinically important because they have become the fourth leading cause
of nosocomial infections (Naglik et al, 2003). Oral candidiasis commonly occurs in
immunocompromised individuals such as patients undergoing anti-cancer treatment, transplant
patients and HIV positive patients (Akpan and Morgan, 2002) Pre-disposing factors for these
infections apart from cancer include broad spectrum antibiotic therapy, corticosteroid use, use of

indwelling devices and intravenous catheters, diabetes and old age (Ramage et al, 2001).

The pathogenesis of Candida infections is complex and encompasses both fungus and host
factors. Candidal colonization appears to be influenced by adherence mechanisms between fungi
and oral epithelial cells. However, clinical manifestations depend on yeast overgrowth which is
dependent on proteins secreted by Candida and the host cell, extracellular matrix proteins, host
cation influence on adhesion and immune competence (Ramirez-Amador et al, 1997). Clinical
observations indicate that mucocutaneous Candida infections are commonly associated with
defective cell-mediated immune responses. The importance of the innate immune system as a
first-line defense against pathogenic challenge has long been recognized. The innate immune
response primarily consists of phagocytes, including neutrophils and macrophages, and the cells
that line the epithelial mucosa. The mucosal epithelium has great importance in host defense and

immune surveillance, since it is the primary cell layer that initially encounters the majority of
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micro-organisms. A vital function of the immune system is to discriminate between friend and
enemy, which is essential for maintaining immune homeostasis. This specialized interaction will
result in either passive coexistence between microbe and host, as in the case of commensal
microbes, or in a violation of the mucosal barrier and subsequent cell injury, as in the case of

microbial pathogens (Weindl et al, 2010).

Oral candidiasis has been grouped into the following categories: acute pseudomembranous
candidiasis, erythematous candidiasis, chronic atrophic candidiasis, chronic hyperplastic
candidiasis and chronic mucocutaneous candidiasis (Adapted from Neville and Damm 2002, 2"

edition).

Firstly, acute pseudomembranous candidiasis is clinically characterized by white plaques on the
tongue, palate or buccal mucosa, and is associated with a mild burning sensation of that area. It is
commonly called oral thrush. The plagques are made up of tangled masses of hyphae,
desquamated epithelial cells and debris. Diagnosis of this condition is easily accomplished if the

plaque is scraped off and an underlying erythematous mucosa is exposed.

With erythematous candidiasis, patients experience burning sensations in their mouths and the
dorsum of their tongues have a reddened appearance. This form of candidiasis appears after the
patient has taken a course of broad-spectrum antibiotics, and it may also be called acute atrophic
candidiasis. Another type of erythematous candidiasis is central papillary atrophy tongue
(median rhomboid glossitis), which manifests as an erythematous zone in the midline dorsum of

the tongue. It is a ‘condition’ of unknown etiology.

Chronic atrophic candidiasis, also known as denture stomatitis, appears on the denture-bearing

areas of a maxillary removable denture. The tissues appear reddened, and may be accompanied
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by petechial haemorrhages. This condition is rarely symptomatic. With chronic mucocutaneous
candidiasis, patients usually have associated immunologic disorders. The problem is identified in

the first few years of life, where the patient has thick white plaques that typically do not rub off.

The last form to be considered is chronic hyperplastic candidiasis, where white patches on the
anterior buccal mucosa cannot be removed by scraping. This is due to either a candidal organism
producing a hyperkeratotic lesion, or due to candidiasis superimposed on a preexisting
leukoplakic lesion. It is of a chronic nature, and complete resolution of the condition is

accomplished after antifungal therapy.

1.5 Candida albicans

The main causative agent of oral candidiasis is Candida albicans. However, the presence of C.
albicans in the oral cavity does not indicate infection since it is a universally minor component
of the oral flora in many individuals that have no clinical symptoms (Cannon and Chaffin, 1999).
Oral colonization rates of up to 93% and infection rates of up to 30% in cancer patients have
been reported in the literature (Ramirez-Amador et al, 1997). C. albicans is still the predominant
species colonizing these individuals. However, during the course of cancer treatment, there is an

increased prevalence of non-albicans colonization (Jham et al, 2007).

Most of these commensal C. albicans cells proliferate as budding yeasts but hyphae formation is
rare. However, when the epithelium barrier is breached due to trauma or hormonal alterations,
invasion of submucosal tissue can occur and in many instances, there is conversion to hyphal
growth (Nisengard and Newman, 1994). Therefore since C. albicans is an opportunistic

pathogen, in certain parts of the population; it is able to cause superficial infections such as
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thrush and denture stomatitis (Jayatilake et al. 2005). C. albicans amongst Candida species
accounts for the majority of systemic infections with mortality rates ranging between 50-100%
(Tayel et al. 2010). This ability it displays may be attributed to immune deficiencies present in

the host (Samaranyake, 2002).

1.5.1 Virulence of C. albicans

Candida albicans is the most common fungal pathogen of humans. It is an extremely versatile
organism. A crucial component of its versatility is that it is able to survive as a commensal in
several anatomically distinct sites, each having its individual environmental conditions. It is able
to live as this commensal under normal conditions, and cause disease when the opportunity is
provided, and under suitable predisposing conditions (Calderone et al, 2000). Amongst these
predisposing conditions, immunosuppressed individuals may be included, most notably HIV
positive patients and those undergoing treatment for cancer (head and neck radiation and
chemotherapy). Determining exactly how this transformation from commensal to pathogen takes
place and how this transformation may be prevented is a great challenge to the study of
mycology. However, virulence factors such as germ tube formation, production of hydrolytic
enzymes and adhesion to epithelial cells are known to be associated with this transformation.

These will be discussed subsequently.

1.5.1.1 Adherence

In the study of mycology, it has been important to ascertain the virulence factors and specific
strategies that allow C. albicans to colonize host tissue, cause disease and overcome host
defenses. Amongst these virulent attributes, C. albicans has the capacity to attach tenaciously to

the host tissue is the most important factor. It not only adheres to the host cells and tissues but



13

has the ability to form biofilms. Adherence of C. albicans to host cells is a complex,
multifactorial process involving several types of candidal adhesins on a morphogenically
changing cell surface. Adhesins are biomolecules that promote the adherence of C. albicans to
host cells or host cell lingands (Calderone et al, 2000). Binding of the organism to host cells,
host cell proteins or microbial competitors (co-aggregation), reduces the extent of clearance by
the host. There are many Candida proteins that bind to several extracellular matrix proteins of
mammalian cells, such as fibronectin, laminin, fibrinogen and collagen. Another mechanism
through which Candida adherence might be promoted is via the production of proteinases
(Naglik et al, 2003). After adherence, invasion ensues. Invasion into the host cells by C. albicans
relies on two complementary mechanisms: induced endocytosis by adhesins and active
penetration. This leads to biofilm formation, which is a sequential process including adherence
of yeast cells to the substrate, proliferation of these yeast cells, formation of hyphal cells and
accumulation of an extracellular matric. Mature biofilms are much more resistant to

antimicrobial agents and host immune factors than single yeast cells (Mayer et al, 2013).

1.5.1.2 Hyphae formation

A feature of C. albicans, is its ability to grow in two different forms such as budding a yeast-like
forms, and in hyphal form, which can periodically fragment and give rise to new mycelia.
Several environmental conditions such as temperatures above 37°C, pH values of 7.0 or higher,
high exogenous carbon dioxide concentrations of more than 5%, or the presence of serum,
triggers this transition (Liu, 2002). This is also known as morphogenesis, which is the reversible
transition between unicellular yeast cells and filamentous growth forms. There is common
acceptance that the hyphal form is related to the invasive properties of C. albicans. The hyphal

form may be considered a pathogenic determinant in the initial processes of superficial tissue
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invasion, where it promotes the adherence and penetration of C. albicans to host tissue (Molero

et al. 1998).

A germ tube represents hyphae that have originated from a yeast cell. They have parallel walls at
their point of origin. The germ tube test also provides a simple, reliable and economical
procedure for the presumptive identification of C. albicans. In this test C. albicans is exposed to
the horse serum which stimulates the C. albicans to produce germ tube which subsequently

become hyphae.

1.5.1.3 Production of Hydrolytic enzymes

An additional virulent mechanism is the production and secretion of hydrolytic enzymes
(extracellular proteases and phospholipases). The three most significant extracellular hydrolytic
enzymes produced by C. albicans are SAP (secreted aspartyl proteinases), phospholipase B
enzymes and lipases. The two important enzymes that have received the most attention are
proteinases and phospholipases. These enzymes assist C. albicans in obtaining nutrition from the
host, host tissue damage, dissemination within the host, iron acquisition and overcoming the

hosts’ immune system (Karskowa-Kuleta et al. 2009).

Experiments involving the disruption of a gene that encodes for phospholipase showed a
decrease in virulence and a reduced ability of C. albicans to penetrate host cells. This therefore
suggests that phospholipases play a role in causing damage to host cell membranes because these
enzymes degrade the phospholipid constituents present in membranes (Leidich et al, 1998).
Phospholipases are specifically involved in host cell penetration, adhesion to epithelial cells,

invasion of the epithelium, and interaction with host signal transduction pathways. Many lipids
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and lipid-derived products generated by phospholipases present in host cell membranes are
implicated as mediators and second messengers in signal transduction. By products of
phospholipase B degradation are reported to induce the activation of protein kinase c, which
plays a role in the deregulation of cell signaling through local effects. Phospholipase also directly
or indirectly stimulates host cells to produce specific cytokines, and are able to mobilize

arachidonic acid and subsequent prostaglandin synthesis (Ghannoum, 2000)

SAP proteins consists of a family of 10 types, named accordingly. They thrive in different pH
optima, where SAP1-SAP3 have the highest activity at lower pH values and SAP 4-6 have the
highest activity at higher pH values. This versatile property assists C. albicans to exist as an
opportunistic pathogen in a variety of different environments. These SAP proteins also have a
very broad substrate specificity that can degrade/cleave many human proteins including
molecules that protect mucosal surfaces, such as mucin, immunoglobulin A, salivary lactoferrin,
lactoperoxidase, cathepsin D, and complement (Naglik et al. 2003). They may also counteract
the host immune response by resisting phagocytosis and intracellular killing (MacDonald and
Odds, 1983). Experiments in mice have shown that the proteinase-producing strain was more
virulent than the proteinase-deficient strain (MacDonald and Odds, 1983; Kwon-Chung et al,
1985). These researchers postulated that proteinases may act on the epithelial tissues whereby it

may uncover sites on the tissue in order for the fungal cells to adhere and hence penetrate.

1.5.1.4 Phenotypic switching

The last virulent trait to be considered is the ability of C. albicans to exercise phenotypic
switching. This is accompanied by changes in antigen expression, colony morphologies (rough

and smooth colonies) and tissue affinities. The selection of phenotypically altered strains may be
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enhanced in C. albicans by a phenomenon known as high frequency phenotypic switching
especially in response to stress. It has an enhanced ability for chromosomal rearrangement and
genetic reorganization. Switching is pleiotropic in nature, and affects many physiological
parameters and a number of virulence traits. This allows the fungus to be durable and adapt to

different host environments during the course of the infection (Calderone et al, 2000).

These virulent attributes, namely adherence, hyphae formation, the production of hydrolytic
enzymes and phenotypic switching, function in unison to carry out a series of tasks to not only
digest a complex mixture of target proteins but also to provide C. albicans with a biological
advantage to specifically enhance the pathogenic ability of the fungus. According to a review by
Calderone et al. (2000), regarding virulence factors, there is an uncertainty that exists as to
whether the virulence factors that have been described are strictly associated with the pathogenic
state of the organism or if they also influence survival as a commensal. However, Kumar et al.
(2006) measured the enzymatic activity of Candida recovered from the oral cavities of HIV
positive as well as cancer patients on anti-cancer treatment and found that enzymatic activity was
very pronounced for C. albicans with 100% phospholipase and 94.1% Sap activity. Al-Abeid et
al. (2004) also concluded that there was an increased production of extracellular proteinase in
cancer patients undergoing anti-cancer treatment, in comparison to normal, healthy patients. The
evidence thus highlights that the production of phospholipases and proteinases by C. albicans is

irrefutably associated with its virulence and pathogenicity.
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1.6 TREATMENT OF ORAL CANDIDIASIS

The treatment outcome of oral candidiasis has been a major problem because the eukaryotic
yeast cells are very similar to host cells. Therefore differentiation between host and yeast by the
specific antifungal agent has to be taken into consideration. There are a few antifungal agents
that are used clinically. It is limited by drug-safety considerations, their narrow spectrum of
activity, efficacy and resistance (Endo et al, 2010). Decisions on specific antifungal drug use in
cancer patients depends on multiple factors including the risk of infections caused by specific
fungal pathogens, the spectrum of activity of the drug, drug toxicity, the patients’ tolerability to

the drug and treatment-related costs associated with the drug (Yu et al, 2006).

1.6.1 Antifungal drugs

Topical agents are generally considered prior to systemic agents due to lower risk of side-effects
and drug interactions. The Infectious Diseases Society of America (IDSA) guidelines
recommend the use of clotrimazole troches or nystatin suspension or pastilles as first-line
therapy for the management of mild oropharyngeal candidiasis unless severe clinical infection or
high risk immune suppression necessitate systemic therapy (Lalla et al, 2010, Bensadoun et al,
2011). Antifungals for the treatment of oral candidiasis comprise the polyenes, azoles and

antimetabolites groups.

The polyene compounds contain alternating conjugated double bonds that constitute a part of
their macrolide ring structure. The polyene antibiotics are all products of Streptomyces species.

These drugs interact with sterols in cell membranes (ergosterol in fungal cells; cholesterol in
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human cells) to form channels through the membrane, causing the fungal cells to become more
permeable to cellular contents. The polyene antifungal agents include nystatin and amphotericin

B (Dixon and Walsh, 1996).

Amphotericin B has a broad spectrum of activity. It is the drug of choice in treating most
opportunistic mycoses caused by fungi such as Candida species. The drug must be administered
intravenously and is associated with numerous side effects, ranging from phlebitis at the infusion
site and chills to renal toxicity (Tiphine et al, 1999), which may be severe. A major advance in
the use of this agent has resulted from an understanding of the mechanism of its renal toxicity,
which is presumed to involve tubuloglomerular feedback. The suppression of glomerular
filtration can be reduced by administering sodium chloride. Nystatin was the first successful
antifungal antibiotic to be developed, and it is still used. It is a polyene antifungal agent produced
by Streptomyces noursei. The promise of its broad-spectrum antifungal activity is offset by host
toxicity. Therefore, it is limited to topical use, where it has activity against yeasts such as the

Candida species.

The azole antifungal agents have five-membered organic rings that contain either two or three
nitrogen molecules (the imidazoles and the triazoles respectively). The clinically useful
imidazoles are clotrimazole, miconazole, and ketoconazole. Two important triazoles are
itraconazole and fluconazole. In general, the azole antifungal agents are thought to inhibit

cytochrome Py4s0-dependent enzymes involved in the biosynthesis of cell membrane sterols. The
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triazoles (fluconazole, itraconazole) have become the standard for the azoles, and have replaced
amphotericin B for managing certain forms of the systemic mycoses. Fluconazole can be
administered either orally or intravenously. Fluconazole has been well tolerated to date but wider
clinical experience is needed, especially with regard to the occurrence of hepatotoxicity and
exfoliative skin reactions (Grant and Clissold, 1990). Other side effects include nausea and
vomiting. Drug interactions are a potential problem between azoles and other drug classes and
include cyclosporin, certain antihistamines, anticoagulants, antiseizure, oral hypoglycemic and

other medications that are metabolized via similar pathways in the liver.

In contrast to the situation with antibacterial agents, few antimetabolites are available for use
against fungi. The best example is 5-fluorocytosine, a fluorinated analog of cytosine. It inhibits
both DNA and RNA synthesis via intracytoplasmic conversion to 5-fluorouracil. The latter is
converted to two active nucleotides: 5-fluorouridine triphosphate, which inhibits RNA
processing, and 5-fluorodeoxyuridine monophosphate, which inhibits thymidylate synthetase and
hence the formation of the deoxythymidine triphosphate needed for DNA synthesis. As with
other antimetabolites, the emergence of drug resistance is a problem. Therefore, 5-fluorocytosine

is seldom used alone. In combination with amphotericin B it may be used to treat C. albicans.

1.6.2 Cancer and antifungal therapy

Prophylactic and empiric antifungals are prescribed to many patients undergoing cancer therapy,
especially in the cases of advanced cancers (Yu et al, 2006, Hachem et al, 2008). This is in the

hopes of reducing candidal infection rates, or to prevent further dissemination of current
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infection. Advanced cancers are cancers that have spread to other places in the body and usually
cannot be cured or controlled with treatment. The most frequently prescribed antifungal for
prophylaxis is fluconazole. Some reports state that fluconazole therapy is successful in the
treatment of candidal infections (Redding et al, 1999), while others report that fluconazole
prophylaxis is associated with the failure of treatment and an increased resistance (Hachem et al
2008, Yu et al 2006). According to Lopez-Ribot et al. (1999), resistance of C. albicans isolates
to azoles is the most prevalent type of antifungal resistance. Furthermore, fluconazole
prophylaxis is associated with greater rates of non-albicans infections (Hachem et al, 2008).
Non-albicans species (C. glabrata and C. krusei) in patients with advanced cancer have a
reduced susceptibility to fluconazole and itraconazole, and are thus extremely difficult to treat

(Bagg et al, 2003).

Evidence (Ueta et al, 2001) has shown that anticancer drugs and radiation decreased candidal
susceptibility to amphotericin B and miconazole. This subsequently enhanced the risk of
developing oral candidiasis. Karbach et al. (2012) found that amphotericin B was a better
antifungal drug for C. albicans strains isolated from patients undergoing head and neck radiation
compared to fluconazole. Schelenz et al. (2011) also attempted to investigate the effects of anti-
cancer therapy on antifungal resistance or susceptibility. They reported an overall resistance to
azoles at being 28.2% (fluconazole at 4.5%, to itraconazole at 11.7%, to ketoconazole at 11.93%
and to voriconazole at 0.07%). It was also interesting to note in this study that none of the
samples were resistant to amphotericin B and nyastatin. These drugs are part of the polyene

group of antifungal agents and have a different mechanism of action to that of the azole group of
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drugs. Hence it is evident that the polyenes mechanism of action was not affected by anti cancer

therapy.

These points highlight the controversial issue of prescribing prophylactic antifungals to patients
undergoing anticancer therapies. On the one hand, the prophylaxis may reduce the prevalence of
occurrence of oral candidiasis, and subsequent candidemia associated with morbidity and
mortality. On the other, commonly prescribed prophylactic antifungals (such as azoles), may
lead to the emergence of resistant strains of Candida, which are quite difficult to treat. According
to Riddell et al. (2008) the correct initial treatment in patients with candidiasis is a crucial factor
for a successful outcome, and should be based on prior antifungal exposure, the clinical status of
the patient, the epidemiology of candidemia and drug resistance at individual institutions. This
emphasizes the importance of individualizing treatment strategies on the basis of the clinical

situation.

1.7 IMMUNITY IN CANCER PATIENTS

Epidemiological studies suggest that an intact immune system plays a key role in the protection
against opportunistic infections. Some cancers have evolved mechanisms that enable them to
avoid the host system, or to actively disarm, eliminate or exert profound inhibitory effects on
immune cells by various means, including the expression of immunoinhibitory molecules
(Whiteside, 2005). Not all cancers affect the immune system, as malignant transformation and
the development of cancer is owing to genetic and epigenetic alteration in precursor cells. The
role of the immune system in cancer surveillance, prevention or eradication is controversial and

if it exists, it is secondary to the cytogenetic alterations.
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The immune defense against C. albicans depends on proper host recognition followed by the
activation of antifungal mechanisms in effector cells. Epithelial cells at mucosal surfaces are in
the unique position of being in constant contact with C. albicans and thereby constitute the first
line of defence against the fungus. Recognition of fungal pathogens at the mucosal surface
depends on a family of pattern recognition receptors known as toll like receptors. These, in the
context of C. albicans, orchestrate innate immune responses through the induction of
chemokines and inflammatory cytokines, antimicrobial peptides and arachidonic acid
metabolites. These pro-inflammatory cytokines (IL-1a, IL-1B, IL-6, IL-8 and TNF-a) coordinate
the recruitment of polymorphonuclear neutrophils, and the activation of macrophages which in
turn leads to the direct killing of the fungal pathogen. Both toll-like receptors 2 and 4 have been

implicated in the hosts defence against C. albicans (Weindl et al, 2007).

There is also an adaptive arm of the anti-C. albicans response, which is initiated by the
recruitment of dendritic cells to the site of mucosal infection. Dendritic cells will recognize C.
albicans through established pattern recognition receptors, including TLR2/4, mannose
receptors, dectin-1 and dectin-2. These are taken to local lymph nodes, where processed fungal
antigens will be presented to T-cells to initiate adaptive immunity, which can take the form of
Th1/2/17. Th17 cells secrete IL-17A, IL-17F as well as 1L-22, which have been associated with
mucosal defence against oral candidiasis (Naglik et al, 2011). The direct candidacidal host
activity has been demonstrated by four cell types. These are polymorhonuclear neutrophils,
macrophages, non-MHC restricted CD8" T cells and epithelial cells (Villar and Dongari-

Bagtzoglou, 2008).
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Cancer, either by the disease itself, or from its treatment, may hamper the immune system at
multiple levels. During tumor invasion, immunosuppression is induced by activating molecules
such as TGF-B, PGE; and IL-10, amongst others. These induce myeloid-derived suppressor cells
which are implicated in tumor progression by the inhibitory action of CD4" and CD8" cells
respectively. There is also an associated apoptosis of T cells; both circulating and tumor
infiltrating forms. The depleting levels of T cells contribute to the decreased host candidacidal

capacity, as well as the reduced pathogen recognition ability.

Myelosuppression in the cancer patient is a common complication of cytotoxic chemotherapy. Its
consequences are profound in already debilitated cancer patients. It is associated with dwindling
numbers of polymorphonuclear neutrophils, dendritic cells, monocytes and macrophages, which
further reduces the host’s ability to recognize the fungal pathogen and to further modulate the
necessary inflammatory response. Structural mucosal cells are also important during the
protection against C. albicans infections. They act as physical barriers and possess direct
antimicrobial functions (Villar and Dongari-Bagtzoglou, 2008). During radiation therapy for
head and neck cancers, these epithelial cells are damaged, rendering them ineffective as the first

line of defense against the fungal pathogens.

Cancer patients receiving chemotherapy and/or radiation therapy are prone to all of the
aforementioned predisposing factors and are therefore considered to be at higher risk for oral
fungal infection than the general population (Lalla et al, 2010). In debilitated,
immunocompromised cancer patients, the course of infection is unpredictable, and in some

instances can be life threatening. There is also a trend of growing resistance to antifungal drugs.
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The status of virulence of C. albicans isolated from the oral cavities of patients undergoing

cancer therapies is also largely unknown.

Therefore, the current study was undertaken, to investigate and determine the virulence and
antifungal susceptibilities of C. albicans isolates from patients undergoing cancer therapy in a

South African tertiary hospital.

1.8 AIM AND STUDY OBJECTIVES

The aim of this study was to establish the virulence and antifungal sensitivities of Candida

albicans isolates from the oral cavities of cancer patients undergoing treatment.

1.8.1 Study Objectives

e Toisolate and identify C. albicans from the oral cavities of cancer patients undergoing
anti-cancer treatment.

e To study the virulence of C. albicans strains isolated from patients undergoing
radiotherapy, undergoing chemotherapy and normal healthy individuals by measuring
germ tube formation and, proteinase and phospholipase production.

e To investigate the antifungal sensitivities of C. albicans strains isolated from the oral

cavities of cancer patients undergoing anti-cancer treatment.
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2. MATERIALS AND METHOD

2.1 Study population

Patients who were diagnosed with any type of cancer and were scheduled for either radiation
therapy or chemotherapy at Charlotte Maxeke Johannesburg Academic Hospital were
approached and asked to volunteer for the study. Exclusion criteria included HIV positive
patients, diabetic patients, and patients already taking antifungal drug therapy. Patients who just
began anticancer therapy were not eligible to participate. The procedure was explained to the

selected patients and written consent was obtained (Appendix 6.1).

These eligible patients were asked to rinse their oral cavities with 10 ml of sterile distilled water
which was collected back into a sputum jar. Demographic data and clinical parameters such as,
type of cancer, type of treatment and length of treatment were recorded. Approximately 50-60
patients in each group were screened for Candida carriage in order to obtain the required yeast
isolates. Samples were processed in the oral microbiology laboratory. Twenty C. albicans
isolates from patients undergoing radiotherapy and 29 isolates from patients undergoing
chemotherapy were selected and utilized in the study. Twenty C. albicans strains that were
isolated from healthy individuals were also provided by oral microbiology laboratory. These

served as the control group.
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2.2 Ethics

Ethical clearance for the study was obtained from The Committee for Research on Human
Subjects (Medical), University of the Witwatersrand, Johannesburg. Patients that were identified
as being Candida carriers were reported to the respective oncologists/medical doctors in charge
of their treatment. Their oncologists treated them for oral candidiasis according to their own

departmental protocols.

2.3 Microbiological analysis

One hundred microlitres of oral cavity rinse was cultured onto ChromAgar plates (Figure 2.1a,
Figure 2.1b). Agar plates were incubated for 48 hours at 37°C. Thereafter, the green colonies
were counted. Colonies of other colours were duly noted and counted. Isolated colonies were
randomly selected and plated out onto Sabouraud agar plates (SAB), and incubated for another

48 hours at 37°C (Figure 2.1c).

Figure 2.1 Candida cultures a: C. albicans colonies on ChromAgar plate b: Mixed cultures

of Candida on ChromAgar plate c: C. albicans colonies on Sabouraud agar plate.
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Cultures were then identified using APl 20C AUX (bioMérieux) system. The AP1 20C AUX
system was used for the precise identification of C. albicans and other yeasts that were
encountered. The API 20C AUX strip consists of 20 cupules (Table 2.1), containing dehydrated
substrates which enable the performance of 19 assimilation tests. The cupules were inoculated
with a semi-solid minimal medium. The yeasts grew only if they were capable of utilizing each
substrate as their sole carbon source. The reactions were read by comparing them to growth
controls. Identification was obtained by referring to the analytical profile index or using the
identification software. Twenty strains of C. albicans isolates from radiotherapy patients, 29
strains from chemotherapy patients and 21 strains from normal individuals (total 70 strains) were

selected for further studies.
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Table 2.1 Contents of the cupules of the API tray

Tests Active Ingredients Quantity(mg/cup)
0 None -
GLU D-GLUcose 1.2
GLY GLYcerol 1.2
2KG Calcium 2-Keto-Gluconate 1.2
ARA L-ARADbinose 1.2
XYL D-XYLose 1.2
ADO ADOnitol 1.2
XLT XyLiTol 1.2
GAL D-GALactose 1.9

INO INOsitol 2.36
SOR D-SORDbitol 1.2
MDG Methyl-aD-Glucopyranoside 1.2
NAG N-Acetyl-Glucosamine 1.2
CEL D-CELIlobiose 1.2
LAC D-LACtose (bovine origin) 1.2
MAL D-MALtose 1.2
SAC D-SACcharose (sucrose) 1.2
TRE D-TREhalose 1.2
MLZ D-MeLeZitose 1.2
RAF D-RAFfinose 1.9
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2.4 Germ Tube Test

The germ tube formation was studied using a technique described by Mackenzie (1962). Using a
sterile loop, a small portion of a pure colony of C. albicans was inoculated into a sterile test tube
containing 0.5 ml of sterile horse serum. Controls were set up using a known C. albicans as
positive control and C. parapsilosis as negative control. The mixture was incubated for 2%
hours, aerobically at 37°C. A drop of suspension was placed on a clean microscopic slide using
capillary tube, covered with a coverslip, examined microscopically using the X10 and X40
objective lenses for the production of germ tubes (Figure 2.2). Cells were considered germinated
if they had a germ tube at least twice the length of the cell. Fifty yeast cells were examined for

germ tube formation and the percentage of germ tube were calculated.

Figure 2.2 Candida albicans with germ tubes after two and half hours incubation at 37°C.
X600 magnification
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2.5  Detection of Phospholipase

The phospholipase test, as described by Patel et al. (2009) was employed to measure
phospholipase production. A suspension of fresh C. albicans culture (approximatley10’ cfu/ml)
was prepared. Four blank paper discs were placed onto the surface of the egg york media. They
were evenly spaced. Ten microlitres of the culture solution was carefully dispensed onto the
discs. Agar plates were allowed to get dry by placing them in the incubator half open for 5-7
minutes. The plates were then closed and placed into a plastic bag and incubated for 4 days at
37°C. The opaque zone diameter and the diameter of the colony were measured and an average
of the four readings was calculated (Figure 2.3). Thereafter, phospholipase activity (Pz) was
calculated by dividing colony diameter with opaque precipitation diameter. Pz represents the

phospholipase activity measurement.

Figure 2.3  Phospholipase activity

Blank paper disc

Yeast growth

Precipitation
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2.6 Detection of Proteinase

Proteinase produced by C. albicans was detected as described by Ruchel et al. (1982) with
modification. A suspension of a fresh culture containing approximately 10’ cfu/ml of C. albicans
was prepared using sterile distilled water. Four blank paper discs were placed onto the surface of
the Bovine serum albumin (BSA) agar. They were evenly spaced, not too close to the periphery
of the plate, and not too close to each other. Twenty microlitres of the test suspension was then
carefully placed onto the discs. This suspension was allowed to dry by putting them in the
incubator half open for five minutes. The plates were inverted, placed into a plastic bag and into

an incubator at 37°C for one week.

Figure 2.4 Proteinase activity

Stained BSA agar Plate

Proteinase production

After one week, the plates were examined. If there was growth present, the diameter of the
colony was measured. The plates were then stained by flooding it with coomasie blue staining
solution. This was kept at room temperature for 20 minutes. Thereafter, the staining solution was
drained. Destaining was achieved by flooding the plate with destaining solution three times.

Each time, the plates were allowed to stand for 20 minutes. The light coloured zone that
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developed around the growth after the stipulated period was then measured. The diameter of the
colony was divided by the light coloured zone diameter to determine proteinase activity (Figure
2.4). An average of the four readings was taken. This provided the proteinase activity

measurement (Pr).

2.7 Antifungal sensitivity

Antifungal sensitivity tests were performed using a Broth Microdilution minimum inhibitory
concentration system described by Clinical Laboratory Standards Institute (CLSI). Sensititre
YeastOne microdilution colorometric microtitre plates (Figure 2.5) containing twofold diluted
and dehydrated 9 antifungal agents were obtained (Separation Scientific Pty Ltd). The antifungal
agents were Anidulafungin, Micagungin, Caspofungin, 5-Flucytosine, Poziconazole,
Voriconazole, latraconazole, Fluconazole, Amphotericin B. It also contains AlamarBlue®, a
proven cell viability indicator that uses the natural reducing power of living cells to convert
resazurin to the fluorescent molecule, resorufin. The active ingredient of AlamarBlue®
(resazurin) is a nontoxic, cell permeable compound that is blue in color and virtually
nonfluorescent. Upon entering cells, resazurin is reduced to resorufin, which produces very
bright red fluorescence. Yeast suspensions containing approximately 10° cells/ml were prepared
in RPMI (Roswell Park Memorial Institute) medium and 100ul were dispensed into each of the
wells of Yeastone panel. Plates were incubated at 37°C for 24 hours. The colorimetric MIC
(minimum inhibitory concentrate) end points (colour change from purple-blue to pink and the
presence of growth) were read using a reading mirror. During the interpretation phase, the
highest dilution of the antimicrobial that completely inhibited visible growth represented the
minimum inhibitory concentration. Results obtained were reported as the actual MIC or

categorically as Susceptible (S), Intermediate (I), or Resistant (R) as information obtained from
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the website www.trekds.com/techinfo. In addition MICsg and MICgy were determined, which

were the MIC obtained by 50% and 90% of the test strains respectively.

Figure 2.5 Sensititre YeastOne microdilution colorometric microtitre plate

MIC
concentrations

2.8 Statistical analysis of the data

To assess the difference in the prevalence of Candida and C. albicans between the study groups,

the data was analysed using a chi square test.

To assess the difference in the Candida counts between the study groups, the data was analysed

using a Scheffe test for pairwise comparison and a chi square test.

To assess the difference in the virulence factors such as germ tube formation, proteinase and
phospholipase production between the groups, the data was analysed using a Scheffe test for

pairwise comparison and a chi square test. P-values of < 0.05% were considered significant.


http://www.trekds.com/techinfo
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3. RESULTS

3.1 Types of cancers encountered and clinical examination

Oral rinse samples were obtained from 109 patients undergoing cancer therapies. 50 patients
were from radiation oncology and all had head and neck cancers, mainly of squamous cell
carcinoma origin. Fifty-nine patients were on chemotherapy of which 6 (10.16%) had cancers of
haematological origin. The remainder (53 or 89.8%) of the patients had solid tumors, mainly of

the breast, colon and lungs.

Upon intraoral clinical examinations, many observations were made and recorded. Patients
undergoing radiotherapy were either edentulous or partially edentulous. As a result, these
patients had difficulty in masticating normally and this had an impact on their appetites and
nutritional intakes. Upon examination, many patients presented with mucositis and complained
of a raw, tender and very painful feeling intra-orally. This also contributed to their inability to eat
sufficiently. Some patients had visibly thickened-viscous saliva and experienced xerostomia.
Other complaints were dysphagia, loss of appetite, and general oral burning sensations. In terms
of oral candidiasis, some patients presented with white pseudomembranous plaques. These were
mainly located on the dorsum of the tongue. The suspected clinical diagnosis of candidiasis
could only be confirmed after laboratory proof was obtained. From the 17 patients that had oral

symptoms, 8 were confirmed to be harbouring C. albicans species in laboratory tests.
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In patients undergoing chemotherapy, intra-oral findings and concerns were slightly different.

Not as many patients as those in the radiotherapy group experienced intraoral mucositis. Many of

them did however complain about having an altered, metallic- like taste when eating. They also

experienced nausea and vomiting, especially just after chemotherapy. Only 3 out of all the

patients examined experienced significant oral pain.

Table 3.1 Candida carriage in Normal healthy individuals

No. | Subject no. | Age/gender | Count cfu/ml | APl Code | % similarity | Identification
1 N1 56/M 0
2 N2 24/F 20 1546134 | 97 C. albicans
3 N3 35/F 30 2552174 | 97.4 C. albicans
4 N4 30/M 0
5 N5 36/F 0
6 N6 25/F 0
7 N7 38/F 0
8 N8 51/M 945 2546134 | 81.8 C. albicans
9 N9 25/F 20 2566174 | 99.2 C. albicans
10 N10 30/M 0
11 N11 24/M 80 2576174 | 97.4 C. albicans
12 N12 28/M 0
13 N13 30/M 10 2576174 97.4 C. albicans
14 N14 28/F 0
15 N15 24/M 1058 6576174 | 98.2 C. albicans
16 N16 27/F 60 2576174 | 97.4 C. albicans
17 N17 28/F 0
18 N18 29/F 0
19 N19 29/F 0
20 N20 35/M 0
21 N21 26/F 0
22 N22 26/F 2146 2576174 97.2 C. albicans
23 N23 25/F 0
24 N24 25/F 0
25 N25 21/F 550 2576174 | 97.2 C. albicans
26 N26 23/F 0
27 N27 23/F 0




36

NO. | Subject no. | Age/gender | Count cfu/ml | API Code | % similarity | Identification

28 N28 28/F 0

29 N29 25/F 0

30 N30 39/F 240 2577174 96.5 C. albicans
31 N31 38/F 70 2576174 97.2 C. albicans
32 N32 41/F 0

33 N33 34/F 80 2576174 | 97.2 C. albicans
34 | N34 25/F 0

35 N35 35/F 10 2576174 97.4 C. albicans
36 N36 29/F 0

37 | N37 29/F 0

38 N38 23/F 0

39 | N39 30/F 0

40 N40 55/F 150 2576174 97.4 C. albicans
41 | N41 46/F 20 2166374 |52.8 C. albicans
42 N42 40/F 0

43 N43 58/F 60 2576174 | 97.4 C. albicans
44 N44 58/F 1108 6576174 | 99.2 C. albicans
45 N45 40/F 100 2566174 98.2 C. albicans
46 | N46 35/F 0

47 N47 25/F 0

48 N48 60/F 40 6576174 98.2 C. albicans
49 N49 70/F 50 2576174 97.2 C. albicans

Mean count
Mean age 34 | 326 cfu/ml/
M9+ F40 colonizer
(min;max) | (21;70) (0;2146) 21 - C. albicans

3.2  Candida carriage in normal healthy individuals

Table 3.1 represents Candida carriage amongst normal individuals. The mean age of this group

was 34 years old. All the colonizers were colonized with only C. albicans (100%). The mean C.

albicans count in colonizers was 326 cfu/ml.
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Table 3.2 Candida carriage in patients with Head and Neck cancers on radiation treatment

No. | Subject no. | Age/gender | Count cfu/ml | Code % Identification

1 S1 M/69 10 2572170 93.9 C. albicans

2 S2 M/63 1860 2562130 94.3 C. albicans

3 S3 F/46 610 6576170 77.8 C. albicans

4 S4 F/28 0

5 S5 M/62 20 2576170 97.2 C. albicans

6 S6 M/67 160 2576130 99 C. albicans

7 S7 F/unknown 2980 2676170 79.2 C. albicans

8 S8 M/64 140 6546174 67.5 C. albicans
660 2000040 99.3 C. glabrata

9 S9 M/unknown |0

10 | S10 M/57 0

11 | S11 F/46 210 2572170 93.9 C. albicans
10 2000040 99.3 C. glabrata

12 | S12 F/46 1480 2542130 96.8 C. albicans
170 2000040 99.3 C. glabrata

13 | S13 M/48 0

14 | S14 F/48 30 2576170 97.2 C. albicans

15 | S15 M/67 0

16 | S16 M/unknown |0

17 | S17 M/64 1730 2176170 98 C. albicans
30 2000040 99.3 C. glabrata

18 | S18 F/40 0

19 | S19 M/ unknown | 510 2040422 99.8 C. kefyr

20 |S21 M/55 0

21 | S22 F/35 0

22 | S23 M/35 0

23 | S24 M/62 0

24 | S25 M/57 0

25 | S26 M/53 0

26 | S27 M/ unknown |0

27 | S28 M/ unknown | O

28 | S29 M/59 0

29 |S30 M/63 0

30 | S31 F/51 70 2376174 99.2 C. albicans

31 | S32 M/68 890 2576170 97.2 C. albicans

32 |S33 M/64 TNTC 2000040 99.3 C. glabrata

33 [ S34 F/49 20 2140174 57.3 C. albicans
30 6656131 99 C. parapsilosis
420 6426233 98.4 C. pelliculosa

34 | S35 M/68 110 2572134 95.3 C. albicans

35 | S36 M/48 0

36 | S37 F/68 1520 2576170 97.2 C. albicans
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No. | Subject no. | Age/gender | Count cfu/ml | Code % Identification
38 | S38 M/68 0
38 | S39 F/55 0
39 | S40 F/51 0
40 | S41 F/51 0
41 | S42 M/62 0
42 | S45 M/40 10 2566170 99.1 C .albicans
43 | S46 F/52 650 2576170 97.2 C. albicans
44 | SAT F/40 1500 2560170 81.6 C .albicans
45 | S48 M/70 0
46 | S49 M/60 0
47 | S50 F/55 0
48 | Sb1 F/52 320 2566170 99.1 C. albicans
49 | Sh2 M/53 0
50 | S53 M/68 0
Mean+SD 55.1+10.59 716+846.91
Age unknown 6
32M,18F
(min;max) (28;70) (0;TNTC)
11F &9M (C. albicans only) 20 C. albicans
Where TNTC is too humerous to count
3.3  Candida carriage in cancer patients undergoing radiotherapy

Table 3.2 represents Candida carriage in patients undergoing radiotherapy. The main colonizers

in this group were C. albicans. However, C. glabrata, C. kefyr, C. pelliculosa and C.

parapsilosis were also isolated from a minority of individuals. Samples from 32 males, and 18

females were taken. Amongst these, 11 females had C. albicans colonization, as opposed to 9

males. The average colony count of C. albicans in the colonized group was 716 cfu/ml.
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Table 3.3 Candida carriage in patients with cancers on chemotherapy

No. Subject no. | Age/gender | Count cfu/ml | Code % Identification

1 R1 F/58 0

2 R2 F/52 0

3 R3 F/59 0

4 R4 F/45 0

5 R5 F/65 0

6 R6 F/ unknown |0

7 R7 F/68 0

8 R8 F/50 1750 2576170 | 97.2 | C. albicans

9 R11 F/ unknown 0

10 R12 M/67 900 2576170 | 97.2 | C. albicans
490 2000040 |99.3 | C.glabrata

11 R13 F/66 0

12 R14 F/ unknown 60 2576174 | 97.4 C. albicans

13 R15 F/36 210 2576170 | 97.2 | C. albicans

14 R16 M/50 500 2172130 |91.9 | C. dubliniensis
270 2000040 |99.3 | C.glabrata

15 R17 M/ unknown | 30 2576170 | 97.2 C. albicans

16 R18 F/52 190 2566170 | 99.1 C. albicans
340 2000040 |99.3 | C.glabrata
340 2556171 | 70.2 | C. tropicalis

17 R19 F/36 0

18 R20 F/62 30 2276170 | 97.2 | C. albicans

19 R21 F/ unknown 0

20 R22 M/79 2360 2566170 |99.1 | C. albicans

21 R23 F/49 0

22 R24 M/69 0

23 R25 M/60 0

24 R26 M/61 0

25 R27 F/57 0

26 R28 F/48 590 6172174 | 60.5 | C. albicans

27 R29 F/39 80 2576170 | 97.2 | C. albicans

28 R30 Frr7 190 2546170 | 59.3 C. albicans

29 R31 F/56 0

30 R32 FI72 0

31 R33 F/55 0

32 R34 F/71 60 2546174 | 69.9 | C. albicans

33 R35 F/a4 0

34 R36 F/67 0

35 R37 F/45 0

36 R38 F/29 0

37 R39 F/62 130 2173174 92.2 C. albicans
830 2000040 |99.3 | C.glabrata
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No. Subject no. | Age/gender | Count cfu/ml | Code % Identification
160 6556171 | 64.3 | C. lusitaniae
38 R40 F/51 240 2576170 | 97.2 | C. albicans
39 R41 F/58 1150 2564170 | 99.7 | C. albicans
40 R42 F/52 190 2576170 | 97.2 | C. albicans
41 R 45 F/38 50 2546174 | 69.9 | C. albicans
42 R47 F/66 10 2576170 | 97.2 | C. albicans
43 R48 M/41 70 2576170 | 97.2 | C. albicans
44 R49 F/82 530 2566170 |99.1 | C. albicans
45 R51 M/62 0
46 R52 F/36 10 2566170 |99.1 | C. albicans
47 R53 M/53 0
48 R54 F/32 320 2566170 |99.1 | C. albicans
49 R55 M/56 290 2572170 |93.9 | C. albicans
50 R56 F/34 0
51 R57 M/54 660 2546174 | 69.9 | C. albicans
52 R58 F/21 0
53 R59 M/61 370 2577174 | 96.5 | C. albicans
54 R60 F/40 3000 2576170 | 97.2 | C. albicans
55 R61 F/58 20 2576170 | 97.2 | C. albicans
56 R62 Fl47 0
57 R63 F/45 400 2576170 | 97.2 | C. albicans
58 R64 F/43 0
59 R65 F[72 4520 2576170 | 97.2 | C. albicans
Mean+SD 53.85+13.39 634.82+1040.36
Age unknown 5
46F, 13M
(min;max) (21;82) (0,4520)

22F T™M C. albicans only 29 C. albicans

3.4  Candida carriage in cancer patients undergoing chemotherapy

Table 3.3 represents Candida carriage in patients undergoing chemotherapy. The predominant
organism that was found was C. albicans. The presence of C. glabrata, C. tropicalis and C.
lusitanae was also found in the minority of samples. Samples were taken from 46 female and 13
males. Amongst these, 22 samples from females and 7 obtained from males were positive for C.

albicans growth. The results showed that an average count of C. albicans in the colonizers was

634 cfu/ml.
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Table 3.4 Prevalence of Candida albicans in the three groups

Study Group No. of patients No. of patients with | Prevalence
screened C. albicans %

Normal healthy 49 21 42.8%, **

Individual

Patients on 50 20 40*, 8

radiotherapy

Patients on 59 29 49.15** s

chemotherapy

Where *: p=0.5, **: 0.8, §: p=0.4

3.5 Prevalence of C. albicans in the study groups

Table 3.4 indicates the percentage prevalence of C. albicans from all the patients screened.
Normal individuals had 42.8% prevalence, while the prevalence in radiotherapy and
chemotherapy patients was 40% and 49.15% respectively. Comparison of prevalence between
the three groups showed that there was no significant difference in the prevalence of C. albicans

between the groups.



Table 3.5 Candida albicans counts in the three study groups (Overall p=0.01)
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Study Group | No. of C. C. albicans No. of patients with categorized C. albicans
albicans count (cfu/ml) | counts
isolated Mean+SD 1-100 100-1000 >1000
Normal 21 263.57£378*,** | 14 (66.7%) 7 (33.3%) 0
healthy
individuals
Patients on 20 716+846.91*5 | 6 (30%) 8 (40%) 6 (30%)
radiotherapy
Patients on 29 634.82+1040.36 | 10 (34.48%) | 14 (48.28%) |5 (17.24%)
chemotherapy **,8
Where *: p=0.3, **: p=0.4, §: p=0.9

3.6 Level of C. albicans carriage in the study groups

In table 3.5, the results showed that saliva samples from patients undergoing radiotherapy had

the greatest mean count of C. albicans per ml (716 cfu/ml). This was followed by samples

obtained from chemotherapy patients, while normal individuals had the lowest count of C.

albicans per ml of oral cavity rinse. However, when the groups were compared individually to

one another, the difference in the C. albicans count was not significant. This non-significance

could be due to the wider standard deviation in the results.
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Table 3.6 Number of Candida spp. isolated from the three study groups

Candida species

Normal healthy
individuals
n-49 (% of isolates)

Patients on radiotherapy
n=50 (% of isolates)

Patients on chemotherapy
n=59 (% of isolates)

C. albicans 21 (100%) 20 (71.43%) 29 (82.86%)
C. glabrata 0 5 (17.8%) 4 (11.43%)
C. tropicalis 0 0 1 (2.86%)
C. parapsilosis 0 1 (3.57%) 0

C. guilliermondii | 0 0 0

C, famata 0 0 0

C. dubliniensis 0 0 1 (2.86%)
C. kefyr 0 1 (3.57%) 0

C. pelliculosa 0 1 (3.57%) 0

3.7 Isolation of Candida species (C. albicans and non-C. albicans)

Table 3.6 represents the type of Candida and the frequency of isolation from the samples. C.

albicans was most frequently encountered in all three groups. From normal individuals only C.

albicans was isolated. C. glabrata was the next most frequent organism that was isolated, from

the cancer patients on any treatment.
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Table 3.7 Number of patients with multiple Candida spp. in the three study groups

Study groups No. of patients with multiple Candida isolates (%)

No Candida | 1 species of 2 species of 3 species of

Candida Candida Candida

Normal healthy 28 21 (100)
individuals (n=49)
Patients on 30 17 (77.27) 4 (18.18) 1 (4.55)
radiotherapy (n=50)
Patients on 29 26 (86.67) 2 (6.67) 2 (6.66)

chemotherapy (n=59)

3.8  Number of patients with multiple Candida spp. in the three study groups

Multiple species of Candida were isolated from the cancer patients (Table 3.7). Twenty three

percent of the patients who were on radiotherapy carried more than one Candida species in their

oral cavity. However, only 13% of the patients who were on chemotherapy carried more than

one Candida species in their oral cavity. The control group carried only one type of Candida

species in their oral cavities.

3.9  Germ tube formation, phospholipase and proteinase production by C. albicans

isolated from study groups

Results of germ tube formation, phospholipase and proteinase production are depicted in Tables

3.8, 3.9 and 3.10. Germ tubes were produced by all the strains (100%) isolated from all the

study groups (Table 3.11). However, the percentage of C. albicans cells with germ tube varied

(41, 37 and 37% in the isolates from normal individuals, patients on radiotherapy and

chemotherapy respectively). When the results of germ tube formation were compared between

the study groups including control group, no significant difference was found (Figure 3.1). These
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results suggest that cancer or cancer treatment had no effect on the germ tube formation by C.

albicans.

Phospholipase was produced by 25%, 85% and 69% of the C. albicans isolated from normal
individuals, patients on radiotherapy and chemotherapy respectively (Table 3.11). The
comparison of these results using chi square test showed that a significantly high number (69-
85%) of isolates from cancer patients on either treatment produced phospholipase compared to
the isolates from normal individuals (Table 3.11). Average phospholipase production by isolates
from normal individuals, patients on radiotherapy and chemotherapy was 0.85, 0.67 and 0.78
respectively (Figure 3.2). When the quantities of phospholipase production was compared,
significantly high amounts were produced by isolates from cancer patients (p=<0.01) on either
treatment compared to the isolates from normal individuals (Table 3.11 and figure 3.2). There
was no difference between the production of phospholipase by C. albicans isolated from cancer

patients on radiotherapy and chemotherapy.

Proteinase was produced by 60%, 95% and 76% of the C. albicans isolated from normal
individuals; patients on radiotherapy and chemotherapy respectively (Table 3.11 and figure 3.3).
The comparison of these results using chi square test showed significantly (p=<0.01) high
number of strains isolated from cancer patients on radiotherapy (95%) produced proteinase
compared to the number of strains isolated from normal individual (60%). However, there was
no difference in the number of isolates from patients on chemotherapy that produced proteinase
compared to the isolates from normal individuals and between radiotherapy and chemotherapy.
Average proteinase production by isolates from normal individuals, patients on radiotherapy and
chemotherapy was 0.91, 0.91 and 0.76 respectively (Table 3.11 and Figure 3.3). No significant

difference was found in the proteinase production between the three study groups.



Table 3.8 Germ tube formation, phospholipase and proteinase production by C. albicans
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isolated from Normal healthy individuals

Sample Study Germ tube Phospholipase Proteinase
no. Number | formation production production
(% yeast cells) | Pz Pr

1 N2 18 1 0.84

2 N3 12 1 0.87

3 N8 24 1 0.9

4 N9 30 1 0.93

5 N11 66 0.97 0.93

6 N13 68 1 1

7 N15 78 1 1

8 N16 40 0.88 1

9 N22 12 1 0.93

10 N25 40 1 0.89

11 N30 20 1 1

12 N31 42 1 0.87

13 N33 40 1 0.95

14 N35 34 1 1

15 N40 52 0.68 0.69

16 N41 12 1 1

17 N43 62 0.83 0.83

18 N44 58 1 1

19 N47 36 1 1

20 N48 80 0.69 0.68
Mean+SD | 41.2+21.85 0.85+0.1 0.91+0.098

Where: 1 = no proteinase and phospholipase production

less than 1: proteinase and phospholipase production




Table 3.9 Germ tube formation, phospholipase and proteinase production by C. albicans
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isolated from cancer patients on radiation treatment

Sample Study Germ tube Phospholipase Proteinase
no. Number | formation production production
(% yeast cells) | Pz Pr

1 S1 16 0.45 0.74

2 S2 54 0.70 0.79

3 S3 40 0.41 0.62

4 S5 30 1 0.98

5 S6 52 1 0.96

6 S7 54 0.48 0.85

7 S8 32 0.65 0.89

8 S11 32 0.88 1

9 S12 52 0.43 0.91

10 S14 66 0.58 0.92

11 S17 26 0.43 0.97

12 S31 8 1 0.94

13 S32 28 0.46 0.98

14 S34 12 0.48 0.96

15 S35 10 1 0.93

16 S37 66 0.45 0.96

17 S45 48 0.61 0.99

18 S46 34 0.71 0.95

19 S47 46 0.71 0.89

20 S51 30 0.91 0.93
Mean£SD | 36.8+17.64 0.67+0.22 0.91+0.09

Where: 1 = no proteinase and phospholipase production

less than 1: proteinase and phospholipase production




Table 3.10 Germ tube formation, phospholipase and proteinase production by C. albicans
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isolated from cancer patients on chemotherapy treatment

Sample Study Germ tube Phospholipase Proteinase
no. Number | formation production production
(% yeast cells) Pz Pr
1 R8 20 0.78 1
2 R12 40 1 0.99
3 R14 42 0.65 0.96
4 R15 6 0.76 0.98
5 R17 38 0.74 0.92
6 R18 8 0.45 0.89
7 R20 14 0.74 1
8 R22 72 0.79 1
9 R28 46 1 0.91
10 R29 48 0.63 0.96
11 R30 54 0.78 0.98
12 R34 44 0.66 1
13 R39 48 0.80 0.76
14 R40 50 1 1
15 R41 38 0.69 0.95
16 R42 54 0.58 0.96
17 R45 60 1 1
18 R47 28 0.95 0.97
19 R48 44 0.66 0.94
20 R49 52 1 0.97
21 R52 24 1 0.97
22 R54 22 0.73 1
23 R55 12 1 0.95
24 R57 36 1 0.95
25 R59 28 1 0.95
26 R60 48 0.78 0.95
27 R61 34 0.64 0.99
28 R63 26 0.57 0.96
29 R65 32 0.48 0.94
Mean£SD | 36.82+16.10 0.78+0.17 0.96+0.05
Where: 1=no proteinase and phospholipase production

less than 1: proteinase and phospholipase production
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Table 3.11 Germ tube formation, production of phospholipase and proteinase by C.

albicans.

Study groups

Mean + SD

Production by no. of isolates from patients (%)

Germ tube formation

(% yeast cells)

Phospholipase

production (Pz)

Proteinase

production (Pr)

Normal healthy 41.2421.85 " 0.85+0.1% % 0.91+0.098% ©®
individuals (n=20) 20 (100) 5 (25)% % 12 (60)®@
Patients on 36.8+17.64 0.67+0.22° 0.91+0.09°
radiotherapy (n=20) 20 (100) 17 (85)* 19 (95) @
Patients on 36.82+16.10" 0.78+0.17%® 0.96+0.05°°
chemotherapy (n=29) | 29 (100) 20 (68.97) %® 22 (75.86)

Where * & ** ©&°®: p=>0.05, % %% & @-p=<0.01
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Figure 3.1 Germ tube formation by C. albicans isolated from the three study groups
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Figure 3.2 Phospholipase production by C. albicans isolated from the three study groups
(Where lower Pz values are indicative of higher phospholipase production and 1 represents no
production). Pz is inversely proportional to phospholipase production. Greater phospholipase
production correlates with smaller Pz values, as Pz equals opaque precipitation diameter divided
by colony diameter, where opaque precipitation diameter is the denominator.

*, *¥*:p=<0.01

Phospholipase Production

.

Phospholipase activity (Pz)

Healthy Individuals Cancer patients on Cancer Patients on
radiotherapy chemotherapy
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Figure 3.3 Proteinase production by C. albicans isolated from the three study groups
(Where lower Pr values are indicative of higher proteinase production and 1 represents no
production). Pr is inversely proportional to proteinase production. Greater proteinase production
correlates with smaller Pr values.
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3.10 Antifungal sensitivity

The antifungal sensitivity results are shown in table 3.12, 3.13 and 3.14. The actual MIC values
are depicted in table 3.12. The ranges of MIC, MICs, and MICg are shown in table 3.13 which
describes MIC range for all the test strains, 50% of the strains and 90% of the strains
respectively. Table 3.14 shows the interpretation of the results or the actual susceptibility and
resistance of strains to the antifungal agents. Only 4 strains of C. albicans were resistant to
flucytosine and 2 strains to posaconazole. All the other strains were sensitive to all the test

compounds.

Table 3.12 Minimum Inhibitory Concentrations (MIC) of antifungal agents

Strain MIC (pg/ml)
No.

A B C D E F G H I

N2 0.03 0.008 |0.06 |0.06 |0.06 0.015 | 0.06 0.5 0.12

N3 <0.015 | <0.008 | 0.03 |0.06 |0.015 |<0.008 |0.03 012 |0.12

N8 0.03 0.015 |[0.06 |0.12 |0.008 |<0.008 |0.015 |0.12 |0.25

N9 <0.015 | <0.008 | 0.03 |0.06 |0.015 |0.008 |0.03 025 |0.25

N11 0.03 <0.008 | 0.03 |<0.06 |0.015 | <0.008 |0.03 025 |0.12

N13 0.03 <0.008 | 0.06 | <0.06 | 0.03 0.008 | 0.06 0.5 0.12

N15 0.03 <0.008 | 0.03 |0.06 |0.015 |0.015 |0.03 0.5 0.25

N16 0.015 |0.008 |0.03 1 0.015 | <0.008 | 0.03 012 |0.25

N22 0.03 0.008 |0.06 |0.06 |0.008 |<0.008 |0.03 025 |0.25

N25 0.03 0.008 |0.03 |<0.06 |0.015 |0.015 |O0.06 05 0.25

N30 0.015 |0.015 |0.03 |<0.06 |0.015 |<0.008 |0.03 012 |0.12

N31 <0.015 | <0.008 | 0.03 | 0.06 |0.03 0.015 | 0.06 1 0.12

N33 0.03 <0.008 | 0.03 |0.06 | 0.008 <0.008 | 0.03 0.12 |0.25
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Strain MIC (pg/ml)
No.

N35 0.03 0.008 0.06 0.06 | 0.008 <0.008 | 0.015 0.12 |0.12
N40 0.015 | <0.008 | 0.03 0.06 | 0.008 <0.008 | 0.015 012 |0.12
N41 <0.015 | <0.008 | 0.015 | >64 0.008 <0.008 | 0.03 0.12 |0.25
N43 0.03 0.015 0.03 >64 0.015 | 0.008 0.03 025 |0.25
N44 0.06 0.008 0.06 0.25 | 0.008 <0.008 | 0.03 025 |0.25
N47 0.03 <0.008 | 0.015 | 0.06 0.015 <0.008 | 0.03 0.25 0.12
N48 0.03 0.008 0.06 0.06 | 0.015 <0.008 | 0.03 025 |0.25
S1 0.03 0.015 0.03 0.25 | 0.015 <0.008 | 0.015 0.12 |0.25
S2 0.03 0.008 0.03 <0.06 | 0.008 <0.008 | 0.015 0.12 0.25
S3 0.015 | <0.008 | 0.03 0.06 |0.015 |0.015 |O0.06 0.12 |0.25
S5 0.03 0.015 0.03 0.06 0.008 <0.008 | 0.03 0.12 0.25
S6 0.03 <0.008 | 0.03 0.06 0.008 <0.008 | 0.03 0.25 0.12
S7 0.03 0.015 0.03 1 0.015 |0.015 | 0.06 0.5 0.12
S8 0.03 0.008 0.015 | 0.12 0.03 <0.008 | 0.06 0.5 0.25
S11 0.015 | <0.008 | 0.015 | 0.06 0.015 <0.008 | 0.03 0.5 0.25
S12 0.015 | <0.008 | 0.06 0.12 0.015 <0.008 | 0.03 0.12 0.25
S14 0.015 | 0.008 0.03 0.06 0.015 <0.008 | 0.06 0.25 0.25
S17 <0.015 | 0.008 0.03 0.5 0.015 <0.008 | 0.03 0.12 |0.12
S31 0.03 0.015 0.03 <0.06 | 0.015 <0.008 | 0.015 0.12 |0.12
S32 0.015 | <0.008 | 0.03 1 0.015 <0.008 | 0.03 0.12 0.12
S34 0.015 | <0.008 | 0.03 1 0.015 <0.008 | 0.03 0.12 0.25
S35 0.06 0.015 0.06 <0.06 | 0.025 <0.008 | 0.015 <0.12 | 0.12
S37 0.03 <0.008 | 0.03 0.06 0.015 <0.008 | 0.03 0.12 0.12
S45 0.03 0.008 0.03 0.06 | 0.015 <0.008 | 0.03 025 |0.12
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Strain MIC (pg/ml)
No.

S46 0.03 0.008 0.06 0.06 | 0.008 <0.008 | 0.03 0.12 |0.12
S47 0.03 <0.008 | 0.015 | 0.12 0.015 <0.008 | 0.03 0.12 0.12
S51 0.06 <0.008 | 0.03 0.06 | 0.008 <0.008 | 0.03 0.12 |0.12
R8 0.03 0.008 0.06 0.12 | 0.015 <0.008 | 0.03 <0.12 | 0.12
R12 0.06 <0.008 | 0.03 <0.06 | 0.015 <0.008 | 0.03 0.5 0.12
R14 0.03 0.008 0.06 0.12 0.03 <0.008 | 0.03 0.25 0.12
R15 0.03 0.008 0.06 1 0.015 <0.008 | 0.015 <0.12 | 0.12
R17 0.03 0.008 0.03 0.06 | 0.015 <0.008 | 0.03 025 |0.25
R18 0.015 | <0.008 | 0.06 0.06 0.06 0.008 0.06 1 0.25
R20 0.03 <0.008 | 0.03 <0.06 | 0.015 <0.008 | 0.03 025 |0.25
R22 0.06 <0.008 | 0.03 <0.06 | 0.03 <0.008 | 0.03 0.25 0.25
R28 0.06 0.015 0.06 <0.06 | 0.015 <0.008 | 0.03 0.12 0.12
R29 0.03 0.008 0.06 0.25 | 0.015 <0.008 | 0.03 0.12 |0.25
R30 0.03 <0.008 | 0.03 0.06 0.03 0.008 0.03 0.12 0.25
R34 0.03 <0.008 | 0.03 0.12 0.008 <0.008 | 0.03 0.12 0.12
R39 0.06 0.008 0.03 <0.06 | <0.008 | <0.008 | <0.015 | <0.12 | <0.12
R40 0.06 0.015 0.06 <0.06 | <0.008 | <0.008 | <0.015 | 0.12 0.12
R41 0.015 | <0.008 | 0.03 0.06 | 0.015 <0.008 | 0.03 025 |0.25
R42 <0.015 | 0.008 0.06 >64 0.015 | 0.008 0.06 025 |0.25
R45 0.015 | <0.008 | 0.06 0.06 0.008 <0.008 | 0.03 0.12 0.25
R47 0.03 <0.008 | 0.03 0.06 | 0.008 <0.008 | 0.015 0.12 |0.25
R48 0.015 | 0.008 0.06 0.06 |0.03 <0.008 | 0.06 0.25 |0.12
R49 0.03 0.008 0.06 0.06 0.015 <0.008 | 0.03 0.25 0.12
R52 0.03 <0.008 | 0.03 0.06 | 0.008 <0.008 | 0.03 0.12 |0.25
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Strain MIC (pg/ml)
No.

R54 0.015 | <0.008 | 0.03 0.06 0.015 <0.008 | 0.03 0.12 0.25
R55 0.03 <0.008 | 0.06 0.12 0.008 <0.008 | 0.03 0.25 0.12
R57 0.03 <0.008 | 0.03 0.12 0.015 0.015 0.03 0.25 0.12
R59 0.03 <0.008 | 0.03 0.06 0.015 0.008 0.06 0.25 0.25
R60 0.03 <0.008 | 0.03 0.06 0.008 <0.008 | 0.015 0.12 0.12
R61 0.015 | <0.008 | 0.03 0.06 <0.008 | <0.008 | 0.015 0.12 0.12
R63 0.03 <0.008 | 0.03 1 0.015 <0.008 | 0.03 0.12 0.25
R65 0.06 <0.008 | 0.03 0.12 0.03 0.03 0.06 0.25 0.25
Where A: Anidulafungin B: Micafungin C: Caspofungin D: 5-Flucytosine

E: Poziconazole F: Voriconazole G: latraconazole H: Fluconazole

I: Amphotericin B

Table 3.13  MIC results by category
Antifungal MIC (ug/ml)

agents MIC range MICsg MICgq
Anidulafungin <0.015- 0.06 0.03 <0.015 - 0.06
Micagungin <0.008 - 0.015 <0.08 | <0.008-0.015
Caspofungin 0.015 - 0.06 0.03 0.015 - 0.06
5-Flucytosine <0.06 - > 64 0.06 <0.06-1
Posaconazole <0.008 - 0.06 0.015 <0.008 - 0.03
Voriconazole <0.008 - 0.03 <0.008 | <0.008-0.008
Itraconazole <0.015-0.06 0.03 0.015-0.06
Fluconazole <0.12-1| <0.12-0.12 <0.12-0.5
Amphotericin B <0.12-0.25 0.25 <0.12 - 0.25

MICsq is the MIC in 50% of the test strains.
MICgq is the MIC in 90% of the test strains
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Table 3.14  Interpretation of MIC results

No. of strains (CLSI method)
Antifungal S-
agents Susceptible | DD | Intermediate | Resistant
Anidulafungin 69
Micafungin 69
Caspofungin 69
Flucytosine 65 4
Posaconazole 67 2
\oriconazole 69
Itraconazole 69
Fluconazole 69
Amphotericin B 69

Where S-DD: dose dependent susceptibility

Table 3.15 Number of Weeks of Radiation therapy and comparative oral C. albicans

occurrence in patients undergoing radiotherapy only

Number of Weeks of 1 2 3 4 5 6 7 8 unknown
treatment

Total number of patients 17 11 7 5 3 0 3 3 3

Number of patients positive | 7 3 4 2 0 0 2 1 1
for C. albicans

Percentage(%o) of patients | 41.1 27.3 |57.1 |40 0 0 67 |33.3|33.3
positive for C. albicans

3.11 Length of cancer therapy (radiation) and occurrence of C. albicans colonization

The results are shown in Table 3.15. Zero to 67% of the patients undergoing radiotherapy carried
Candida in their oral cavity during 1 to 8 weeks of radiotherapy. The influence of length of
treatment could not be seen. One of the reasons could be the initial small sample size which was

further divided into nine groups of duration of treatment.
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4. DISCUSSION

4.1 Prevalence of C. albicans

Oral candidiasis is a common infection which affects patients receiving radio and chemo
therapies. The aetiology of its development is complex and multifactorial. Cytotoxic
chemotherapy, radiation or malignancies itself are known to compromise the cell mediated host
immunity which plays an important role in the control of fungal infections. Both radiotherapy
and chemotherapy are able to induce inflammation and damage to the oral mucosa (mucositis),
as well as hyposalivation and xerostomia with an increase in oral yeast proliferation, colonization

and infection (Schelenz et al, 2011).

In this study, C. albicans carriage was found to be 40% amongst patients undergoing
radiotherapy and 49.15% amongst patients undergoing chemotherapy which is similar to
previously reported research studies (Manas et al, 2012, Redding et al, 1999, Davies et al, 2002,
Al-Abeid, et al 2004, Schelenz et al, 2011). The prevalence of C. albicans carriage was slightly
higher in normal individuals (42.8%) when compared to the prevalence in normal individuals
(33.8%) in Jordan (Al-Abeid et al, 2004). This may be attributed to the basis that in South Africa
C. albicans prevalence and colonization amongst normal HIV negative individuals is known to
be higher compared to elsewhere (Patel et al, 2006). Patients treated with chemotherapy were
noted to have an overall greater prevalence of C. albicans colonization, compared to patients
undergoing radiotherapy and healthy individuals, which was however not statistically significant.

This may be due to the cytotoxic nature of chemotherapy treatments. The chemotherapy causes
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necrosis of rapidly dividing mucosal cells, causing mucositis and subsequent colonization of C.

albicans in the oral cavity.

4.2 C. albicans counts

A colony forming unit is a measure of viable fungal numbers on an agar plate. The number of
CFU is a reflection of an individual’s Candida carriage. There is no definite cut off colony count
that has been established that allows for the differentiation between commensalism and disease
(Suryawanshi et al, 2012, Ramirez-Amador et al, 1997). However, the higher counts may predict

the possibility of the development of infection.

From the results of this study, it can be seen that cancer patients on either treatment had higher
counts of C. albicans. C. albicans are known to have increased proliferation when exposed to
radiation or chemotherapy drugs in vitro. The radiation and anti-cancer drugs potentiate the
virulence of Candida cells (Ueta et al, 2001). The present study has shown that the cancer
treatment has an in vivo effect on the proliferation of C. albicans. In addition, in the radiotherapy
group, 30% of the individuals had C. albicans counts greater than 1000 CFU’s. This was greater
than both the other groups. This is attributed to the detrimental effects that irradiation has on the
oral cavity, which provides for a more favourable environment for the growth of fungi. The
therapy causes radiotherapy-induced epithelial atrophy. The occurrence of oral candidiasis in
patients undergoing radiotherapy is mainly due to quantitative and qualitative changes in the
salivary glands after radiotherapy. Saliva has a multitude of functions that prevents candidal
growth. It facilitates mechanical cleansing of the oral cavity which deters C. albicans adherence

to the host tissue. Multiple proteins in saliva also have inhibitory activities against the adhesion
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and multiplication of Candida. These include secretory immunoglobulin A, lactoferrin, histatins
and defensins. Hence after radiotherapy exposure, salivary output, as well as saliva quality is
impaired substantially, and the protective effects of saliva are affected. Previous commensals

now flourish in their opportunistic form in this altered environment (Suryawanshi et al, 2012).

4.3 Non-Albicans Species

Although the predominant species of Candida isolated was C. albicans, the results of the study
indicate that Candida species other than C. albicans also colonized the oral cavities of
individuals undergoing cancer therapies. Amongst the non-albicans spp., C. glabrata was the
most frequent, followed by C. tropicalis, C. parapsilosis, C. dubliniensis, C. kefyr and C.

pelliculosa.

This finding has major clinical implications, given the greater number of complications and
mortality rates associated with non- albicans Candida spp. The infections are more complex to
treat and they have a greater chance of dissemination through the blood system. By comparison,
C. albicans in mucosal cultures is a poor predictor of subsequent systemic dissemination (Lalla

et al, 2010).

It is also interesting to note that non-albicans species were only derived from cancer patients
undergoing anti-cancer treatment and not from normal individuals. This finding may be due to
the immunosuppressed nature of the cancer patients on anti-cancer therapy, and their reduced
ability to prevent colonization of non-albicans species. It is likely that there are multiple factors,
including geographical differences, age, previous antifungal exposure and underlying disease
state that are important in the observed increase of colonization and infections with non-albicans

species (Riddell and Kaufmann, 2008).
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C. glabrata being the second most frequently found Candida species in cancer patients is
consistent with other reports (Schelenz et al, 2011, Safdar et al, 2001, Al-Abeid et al, 2004). The
importance of finding C. glabrata in patients undergoing cancer therapy needs to be highlighted.
The emergence of C. glabrata as the principal non C. albicans species in these
immunocompromised patients was not surprising, given its ability to develop resistance to azole-
based drugs (Safdar et al, 2001). In addition to the resistance to azoles, reports have confirmed
the broad emergence of coresistance to echinocandins as well (Pfaller et al, 2012). This is an
issue of concern as the echinocandin class of antifungal agents is considered to be the first-line

treatment of bloodstream infections due to C. glabrata.

It has been reported that there have been increases in the rates of candidemia caused by non-
albicans spp, predominantly C. glabrata and C. krusei, especially in critically ill and
immunocompromised patients with malignancies. This is due to the rapid acquisition of
resistance traits in colonizing strains due to the haploid nature of the organism and its ability to

mutate rapidly (Hachem et al, 2008).

In addition to the isolation of rarer Candida species, there were also many oral samples
containing mixtures of two or more different yeasts. Twenty three percent of patients receiving
radiotherapy and 13% of patients undergoing chemotherapy that were positive for candidal
growth, fall into this category. This observation confirms similar findings described by others
that found two or more different species in up to 26% of clinical oral samples (Davies et al,

2006). The presence of mixed yeast species becomes an important issue for the management of
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oral candidiasis, as not all yeasts are susceptible to commonly prescribed antifungal agents. In
some instances, the antifungal agents may remove one type of Candida species. However, other
resistant species may persist in the oral cavity for a longer period, and prove to be difficult to

eradicate. This renders the antifungal therapy ineffective in removing the candidal infection.

Another challenge is that antifungal resistance varies significantly in non-albicans species in
contrast to C. albicans. Some non-albicans Candida spp are inherently or secondarily resistant to
fluconazole for example, 75% of C. krusei, 35% of C. glabrata and 10% - 25% of C. tropicalis
isolates (Krcmery and Barnes, 2002). Therefore, in vitro susceptibility testing should be
performed for most non-albicans Candida spp. and ‘species-directed’ therapy should be

administered for fungal infections according to the species identified.

4.4 Virulence Traits

The virulence factors expressed or required by C. albicans to cause infections may vary with the
type of infection (mucosal or systemic), the site and stage of the infection and the nature of the
host’s response. There are numerous virulent attributes involved in the infective process and
although there has been extensive research on virulence factors, not one has been linked
unequivocally with pathogenicity and not all may be necessary for a particular stage of infection
(Naglik et al, 2003). However, adherence ability, hyphae formation, genotypic changes and the

production of hydrolytic enzymes are the most important and well researched.
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4.4.1 Germ Tube formation

The production of germ tubes and filaments by C. albicans in serum permits the presumptive
identification of the organism within 2-3 hours. The germ tubes emphasize close morphological
similarities to the initial hyphae of true filamentous fungi (Mackenzie, 1962). Although current
studies still fall short of verifying the status of yeast-hypha dimorphism as a virulence factor,
they suggest that the cell biology of germ tube growth of C. albicans is well suited for the

invasive growth of the fungus in vivo (Gow, 1997, Mayer et al, 2013).

In our study, C. albicans from patients undergoing either of the cancer treatments had a similar
result, in respect of the germ tube production and they were comparable to the results of healthy
individuals. These outcomes suggest that the C. albicans isolated from patients undergoing
cancer therapies were not more virulent than those obtained from normal individuals. It also
suggests that in a commensal state germ tube is not a good indicator of virulence status of C.

albicans.

The germ tube test is an important and rapid test as identification of C. albicans may be obtained
within 2-3 hours. However, they have to be cultured from the pathological material for 48 hours
before subjected to a germ tube test which makes it a longer test. Treatment time is valuable,
especially when dealing with invasive candidal infections where time is of the essence for
diagnosis amongst patients at high risk, such as those undergoing chemotherapy, cancer
therapies, ICU patients and organ transplantation. Invasive candidiasis is not associated with

clinical oral candidiasis infection. Recently, a quicker method of identifying invasive candidiasis
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has been developed. This method is a commercialized C. albicans immunofluorescence assay
that is used to detect C. albicans germ tube antibodies (CAGTA). The presence of these germ
tube antibodies in the body is indicative of an invasive candidal infection. When CAGTA titres
increase in critically ill cancer patients, then antifungal therapy should begin immediately. Thus,
this test is a rapid and simple diagnostic tool for invasive candidiasis in critically ill patients
(Peman et al, 2011). This is enriching information for future studies that may deal with germ

tube antibodies detection and will improve patient care.

4.4.2 Phospholipase production (Pz)

The elaboration of hydrolytic enzymes forms part of the virulent mechanisms of C. albicans. The
data obtained from the study reveals that high number of isolates and a significantly greater
amount of phospholipase production was detected from samples obtained from patients
undergoing radiotherapy and chemotherapy in comparison to those from the normal group. Only
67-85% of strains isolated from cancer patients produced phospholipase compared to the study
reported (100%) by Al-Abeid et al, (2004). It should be noted that lower Pz values are indicative
of higher phospholipase production, as Pz was calculated by dividing the colony diameter by the
opaque precipitation diameter, where the opaque precipitation diameter is the denominator. The
importance of phospholipase production cannot be undermined, as it seems imperative in the
infection process. The term phospholipases refers to a heterogenous group of enzymes that share
the ability to hydrolyze one or more ester linkage in glycerophospholipids. Phospholipids and
proteins represent the major chemical constituents of the host cell envelope. Phospholipase
targets these membrane phospholipids and digests these components leading to cell lysis and

direct host cell damage (Ghannoum et al, 2001).
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According to Ghannoum et al, 2000, the egg yolk plate method that was utilized in the study
should actually be a screening method for the phospholipase activity of C. albicans, as it is non-
specific to phospholipase detection. The egg yolk that was used contains substrates for both
phospholipases in the form of phospholipids and lipases in the form of triglycerides. In future
studies, the confirmation of specific phospholipase activity needs to be accomplished by using

specific radiometric or colometric assays.

4.4.3 Proteinase Production (Pr)

A smaller Pr value implies greater production of proteinase. Data from the results illustrated that
the number of proteinase-producing C. albicans strains from patients undergoing radiotherapy
(95%) was higher than the number of proteinase-producing strains from normal individuals
(60%). The amount of proteinase produced was not different in these two groups (0.91 in both).
The production of proteinase is quite an important virulent trait. C. albicans isolated during
infection are known to produce high amount of proteinase (Kuriyama et al, 2003). In the same
light as phospholipase, proteinase contributes to host tissue invasion by digesting or destroying
cell membranes and by degrading host surface molecules. There is also some evidence that
hydrolytic enzymes are able to attack cells and molecules of the host immune system to avoid or
resist antimicrobial activity (Mohandas and Ballal, 2011). Although 94% to 100% of the isolates
from cancer patients (Al-Abeid et al, 2004, Kumar et al, 2006, Kuriyama et al, 2003) produced
proteinase, which was also shown in the present study, during commensal state, the role of
proteinase is not known. It is possible that the altered environment and host immunity induces
and enhance the production of hydrolytic enzymes. A study has shown that drugs used in the
chemotherapy (such as 5-fluorouracil and peplomycin) and radiation doses used in the cancer

treatment increases the proteinase production by C. albicans in vitro (Ueta et al, 2001).
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However, the present study has shown that in vivo there was no difference in the amount of
proteinase produced by the strains isolated from normal individuals and from patients on either
cancer therapy. This suggests that in the oral cavity many other factors influence the virulence

properties of C. albicans.

45  Antifungal sensitivity

Drug resistance can be defined in distinct ways from clinical and laboratory perspectives. From a
clinical perspective, drug resistance is the persistence or progression of an infection despite
appropriate drug therapy. In a laboratory setting, as was used in this study, drug resistance was
quantified by using an MIC assay, in which the growth of the pathogen was measured with a
series of drug concentrations over time. Although MIC assays provide a measure of how the
pathogen will respond to the drug treatment, they are not always accurate predictors of the
response in vivo or even of how the resistant pathogen will compete against a drug sensitive
counterpart in vitro. This is a major limitation in the clinical setting. MIC assays do not account
for how pharmacokinetics, host-pathogen interactions, microbial interactions and environmental
factors affect drug resistance and clinical outcomes (Shapiro et al, 2011). These factors,
especially in immunocompromised cancer patients, should be taken into account prior to

implementation of antifungal therapy.

Data from the study indicates that 100% of isolates from all groups were susceptible to
anidulafungin, micafungin, caspofungin, voriconazole, itraconazole , fluconazole and
amphotericin B. These results are in agreement with studies that reported susceptibilities of all C.

albicans isolates to amphotericin B, ketoconazole (Al-Abeid et al, 2004) and fluconazole
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(Redding et al, 2009 and Al-Abeid et al, 2004). These results are positive, and in theory, the
elimination of all the strains would be accomplished by using the respective antifungal agents.
An important factor to consider is that, to the best of our knowledge, none of the patients or
individuals from the control group were exposed to any kind of antifungal drug prior to the time
that the respective samples were obtained. In addition, the prophylactic prescription of antifungal
agents for patients undergoing either radiation therapy or chemotherapy was not practiced in
either of the oncology departments. Hence prior exposure to antifungal agents in the groups was
rather low. This may be an explanation for the favorable susceptibility trends that the previously

listed antifungal drugs displayed.

The MIC laboratory testing also revealed a 5.8% (4/69) of resistance in the isolates to flucytosine
and 2.9% (2/69) of the samples were resistant to posaconazole. The occurrence of resistance with
the use of flucytosine has been widely described (Vermes et al, 2000). Monotherapy of
flucytosine as a single agent is limited because of the prevalence of intrinsically resistant strains
(about 10% of C. albicans isolates) and the frequent development of resistance during treatment.
It is therefore now used in combination with a number of azole antifungal agents to eliminate

Candida species (Vermes et al, 2000).

In addition, literature (Pujol et al, 2004) has revealed that C. albicans can be separated into five
major clades. C. albicans of the clade I type has a very high intrinsic resistance to flucytosine.
None of the other clades exhibit this trait. Perhaps the isolates that were resistant to flucytosine

in the laboratory were of the clade I type which could be confirmed by genotyping the isolates.
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In this study, non-C. albicans species as well as a number of oral samples containing mixtures of
two or more different yeasts were encountered. Susceptibility testing was not performed on these
isolates. Resistance to commonly prescribed antifungal drugs has been reported in these non-
albicans species. Candida glabrata and C. tropicalis, has been reported to have reduced
susceptibility to triazole antifungals and C. krusei to be intrinsically resistant to fluconazole and
itraconazole. A growing association has been proposed between prior exposure to triazole-based
antifungal drugs and development of resistance (Safdar et al, 2001). Hence, antifungal
susceptibility trends of these non-albicans species should also be taken into account. The
presence of mixed yeasts or yeast other than C. albicans thus becomes an important issue in the

management of oral candidiasis in these patients.

4.6  Length of cancer therapy (radiation) and occurrence of C. albicans colonization

Major salivary glands are situated in the lateral facial and submandibular regions where they are
commonly included in or close to the target volume, when head and neck cancer patients are
exposed to radiation therapy (Shiboski et al, 2007). Damage to these salivary glands causes a
qualitative and quantitative decrease in salivary output. In humans, there is a rapid decrease of
salivary flow rates during the first week of radiation therapy, after which there is a gradual
decrease to less than 10% of the initial flow rate (Vissink et al, 2010). The hyposalivation is
associated with an increased candidal colonization rate (Ramirez et al, 1997) and an increase in

the number of candidal CFU counts (Suryawanshi et al, 2012).

From the results of the study, there is no trend which indicates that progressive radiation

treatment (in weeks) also increases candidal colonization rates. According to Shiboski et al,
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(2007) clinically fractionated doses of 50-70 Gy are prescribed over 6-8 weeks (i.e. 2 Gy per day
for five successive days per week). Vissink et al, (2010) points out that at lower doses (less than
30 Gy in 2 Gy fraction), salivary gland damage is reversible, but with accumulative doses,
(greater than 75 Gy) extensive and irreversible damage is noted. Hence, one would expect
patients in the latter weeks of radiation treatment to have significantly higher candidal
colonization percentages, as head and neck radiation is cumulative. This was, however, not
found in this study. One of the reasons that there is no definite result is that the duration of
cancer treatment is not the only factor that predisposes to C. albicans colonization. Other factors
to be taken under consideration are the volume of the salivary glands included in the radiation
field, the total dose and fraction size each patient is exposed to, the radiation tolerance of salivary
glands, and patient to patient variations of threshold levels (Ramirez-Amador et al, 2007). In
addition, the sample size was also small which was further divided into 9 weeks. Perhaps a future
study design that includes all these factors and a larger study population may prove to yield more

accurate and meaningful results.

4.7 Immunity in cancer patients

In this study the results showed that cancer patients on any kind of therapy carry high burden of
C. albicans which could be attributed to the defective immune system of these patients.
However, the development of candidiasis could be due to the actual high number of organisms
rather than the virulence because the virulence of these organisms was not altered significantly in
the isolates from these patients. The intact immune system which plays a key role in the
protection against C. albicans is altered during cancer initiation and progression.
Polymorhonuclear neutrophils, dendritic cells, monocytes, macrophages, B cells, T cells,

endothelial and epithelial cells all recognize the C. albicans pathogen and modulate protective
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inflammatory responses. These responses are the activation of antimicrobial mechanisms,
expression of co-stimulatory molecules, the release of pro-inflammatory cytokines and the
modulation of acquired immunity. Myelosuppression in the cancer patient is a common
complication of cytotoxic chemotherapy. It is associated with dwindling numbers of
polymorphonuclear neutrophils, dendritic cells, monocytes and macrophages, which further
reduces the host’s ability to recognize and reduce the fungal pathogen. Due to this reason, C.

albicans counts in cancer patients may have been high.

Structural mucosal cells are also important during the protection against C. albicans infections.
They act as physical barriers and possess direct antimicrobial functions (Villar and Dongari-
Bagtzoglou, 2008). During radiation therapy for head and neck cancers, these epithelial cells are
damaged, rendering them ineffective as the first line of defense against the fungal pathogens.
According to the results presented here, this immune response only modulates the number of

causative organism and does not initially stimulate the organism’s virulence mechanism.

4.8 Limitations

Although the BSA method was used in this study to detect proteinase, according to Naglik et al.
(2003), the BSA agar method is less sensitive, as it is unlikely to detect very low levels of
proteinase activity. A better system that they recommend to circumvent this disadvantage is the
solution based BSA hydrolysis assay. Therefore low concentrations of proteinase production

may have been missed.
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One of the limitations of the study was that the length of therapy could not be accurately taken
from patients undergoing chemotherapy, as information was derived from these patients first
hand and access to their patient files was limited. The necessary information from patients
undergoing radiotherapy was much easier to obtain and it was discussed. Another limitation is
that different clinical types of oral candidiasis were not systematically recorded. Due to time and
financial constraints a small sample size was selected for the study. A bigger sample size may

have shown more conclusive results.

5. CONCLUSIONS

This study has shown that although the prevalence of C. albicans in cancer patients is similar to
the normal healthy individuals, many cancer patients carried high number of C. albicans. In
addition, many cancer patients carried multiple Candida species in their oral cavity. C. glabrata
was the second most prevalent species carried by cancer patients. However, many cancer patients
carried C. albicans that were capable of producing high quantity of phospholipase enzymes.
Cancer therapy had no effect on germ tube formation and proteinase production. All the C.
albicans were sensitive to all the antifungal agents that are commonly used. Radiotherapy and
chemotherapy had similar effects on the C. albicans. The frequent development of Candida
infection in cancer patients on radio- and chemotherapy can be attributed to high quantity of

virulent C. albicans and the role of non-albicans Candida cannot be ruled out.
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6. APPENDIX

6.1 Patient Consent Form
Good Day, How are you?

| am Dr Shilpa Ramla from Oral Microbiology. My colleague and | are doing a study on germs that are

found in our mouths and may cause sicknesses.

These germs cause sores in our mouth, particularly in cancer patients who are undergoing treatment.
Sometimes they have to take tablets to cure it. Fluconazole and Nystatin are often used for our mouth.
We would like to study the presence of these germs. The study can show us how powerful they are in

causing sores and whether the treatment will work or not.

In order to help our study, we would like to collect a sample of oral rinse from your mouth. This will not
cause any discomfort. All you have to do is take this clean sterile water, put it in your mouth, rinse and
collect it back into the jar given to you. It will not cause any harm. The sample will be processed in a
laboratory. | may not be present at the time of collection of sample, but my colleagues will read this

consent and explain the procedure to you.

Whether you decide on participating or not, is entirely up to you. Your decision will not affect your
treatment. If you agree to participate, you may withdraw from the study at any time without affecting
your treatment. The sample will be collected once only during your normal visit. If we find germs that
cause sores in your mouth, your doctor will be notified. He/She will advice you on how to look after your
mouth so that you don’t get sores. We will also know if we have developed resistance to the drugs used

for the sores in South Africa or not and everybody will benefit from the knowledge.

Your sample will be given a number and will be processed under a number.Your name will not appear
anywhere on the results or on any publications. This study has been through University ethics
committee. Should you have any problems please contact Prof P. Cleaton-Jones at 011 717-1234

Patient’s name: Investigator’s name:
Date: Date:
Signature: Signature:

Tel. No: 011 717 2110
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6.2 Media and reagents
Chromagar Plates

15.09/L Chromagar™Agar
10.2g/L Peptone

0.5g/L  Chloramphenicol
22.0g/L  Chromogenic mix

Weigh 47.7g of Chromagar™ Candida. Dissolve this into one litre of sterile distilled water. Boil
the media, with the temperature not being greater than 100°C. Cool the media until it reaches
about 45°C-50°C.

Saboraud Agar
65g  Sabouraud agar
1 litre Distilled water

Suspend Saboraud agar in distilled water. Heat half the water to boiling point. Dissolve the
powder in water and add to the boiling water. Add the rest of the water and heat to boiling point.
Pour into large bottles and sterilize at 15Ib, 121°C for 15 minutes in an autoclave. Cool at 45°C
and pour plates.

Phosphate Buffered Saline (PBS)
4.2g  Sodium chloride

0.078g Sodium dihydrogen phosphate
0.64g Sodium hydrogen phosphate
500ml Distilled water

Suspend the solids and then autoclave at 151b, 121°C for 15 minutes and dispense.
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Bovine Serum Albumin (BSA) agar (for Proteinase test)
0.04g MgSO..7H,0

059 K,HPO,

1.0g NaCl

0.2g  Yeast Extract

4.09 Glucose

0.5 BSA

140ml Sterile Columbia agar

Dissolve the dry ingredients into 60ml distilled water. Adjust the pH to 3.5. Thereafter, filter
sterilize. Add this mixture to 140ml of sterile Columbia agar medium cooled to 45°C. Pour the
plates.

Proteinase staining solution (coomasie blue)
0.5g Coomasie Blue

10ml  Acetic Acid

45ml  Ethanol

45ml  Distilled water

Destaining solution for proteinase

45ml  Ethanol

10ml  Acetic Acid

45ml  Distilled water

Egg York Media (For phospholipase test)
Preparation of Egg York emulsion

Centrifuge 20ml egg York emulsion at 500 rpm for ten minutes at room temperature. Use
supernatant for the plates.

13g  Sabouraud Agar

11.7g Sodium Chloride
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0.11g Calcium Chloride
20ml  Egg York Emulsion
184ml Distilled Water

Dissolve Sabouraud agar, sodium chloride and calcium chloride into the distilled water, and
autoclave. Cool to 45°C. At this temperature, add the egg York emulsion, mix gently and then
pour the plates.

API C Medium Constituency:

5¢ Ammonium sulphate
0.31g  Monopotassium phosphate
0.45g Dipotassium phosphate
0.92g Disodium Phosphate

0.1g Sodium Chloride

0.05g  Calcium chloride

0.29 Magnesium sulphate
0.005g L-Histidine

0.02g  L-Tryptophan

0.02g  L-Methionine

0.5g Gelling agent

Iml Vitamin solution

10ml  Trace elements

To make 1000ml demineralized water
Final pH: 6.4-6.8 (at 20-25°C)
Sensititre YeastOne® Broth constituency
10g RPMI Medium 1640

359 MOPS

139 Supplement Yeast One

1L Water
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