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ABSTRACT

Introduction: The differences in enzymatic activity expressed by
various Candida species determine their virulence and play a pivotal
role in understanding the pathogenesis of candidiasis. Additionally,
this knowledge aids in the development of new antifungal drugs that
target these enzymes, thereby enhancing therapeutic approaches.
Understanding the extracellular enzymatic activity of Candida
species is crucial for the development of new anticandidial drugs
targeting these enzymes.

Aim: To determine the differences in enzymatic activity expressed
by various Candida species isolated from patients with Head
and Neck Cancer (HNC) undergoing Radiation Therapy (RT) and
to correlate these differences with the severity of mucositis.

Materials and Methods: This cross-sectional study evaluated
the enzymatic activity of Candida species, including C. albicans
and Non albicans Candida species (NAC), isolated from HNC
patients undergoing RT at the radiation oncology department,
Amala Institute of Medical Sciences, Thrissur, Kerala, India. A
total of 276 patients were enrolled in the study over a four-year
period (January 2019 to December 2022). Extracellular enzymatic
activities such as proteinase, phospholipase, haemolysin, and
esterase were detected using the plate method, as described
previously. Mucositis was graded according to the Radiation
Therapy Oncology Group (RTOG) criteria. Data were analysed
using Statistical Package for the Social Sciences (SPSS) version
23.0 (IBM, lllinois, US). The Chi-square test was used to analyse

A Cross-sectional Study

the variables, and the unpaired t-test was used to compare
enzymatic activity. Spearman’s rank correlation was used to
identify any correlation between mucositis and extracellular
enzymatic activity.

Results: A total of 97 Candida strains (56 C. albicans and
41 NAC) were isolated. There was no statistically significant
difference between C. albicans and NAC species causing
infections in men and women (p-value=0.390), as well as
in those with diabetes (p-value=0.127) and hypertension
(p-value=0.979). Proteinase, haemolytic activity, and esterase
production were detected in 88 (90.7%), 84 (86.6%), and
67 (69.0%) isolates, respectively, while phospholipase activity
was shown by 18 (18.5%) isolates. There was no statistically
significant difference between C. albicans and NAC species
regarding the mean phospholipase, proteinase, haemolysin,
and esterase activity (p-value >0.05). C. albicans exhibited high
activity for all four enzymes, while a considerable percentage
of NAC showed moderate activity. High phospholipase and
proteinase activity in C. albicans showed a good correlation
(r=0.148 and r=0.186, respectively) with mucositis.

Conclusion: C. albicans showed high activity for all four
enzymes, indicating its virulence. The majority of C. albicans
strains exhibited proteinase activity, which is associated with the
severity of mucosal infections. The phospholipase activity has
the potential to play a role in the emergence of drug resistance
and should be closely monitored.
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INTRODUCTION

Oropharyngeal candidiasis is responsible for considerable morbidity
in patients undergoing RT for HNC. Candida albicans is the
most common species isolated from oral lesions, but recent
epidemiological studies have reported NAC species including
C. tropicalis, C. parapsilosis, C. krusei, and C. glabrata repeatedly
emerging as human pathogens [1-3]. The virulence of the Candida
species is attributed to a wide variety of mechanisms, including
adherence, biofim formation, production of extracellular enzymes
such as proteinases, phospholipases, esterases, and haemolysins.
The expression of virulence factors may vary depending on the
infecting species, geographical origin, type of infection, site and stage
of infection, and host reaction [4]. Therefore, knowledge of these
factors is important to understand the pathogenesis of candidiasis,
which in turn is responsible for the virulence of the strain [4,5].

Among the various extracellular enzymes that act as virulence
factors of Candida, the most important ones are phospholipase
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and proteinase, as they facilitate Candida-host interaction [6,7].
Haemolysin degrades haemoglobin, thereby helping Candida
acquire iron, which further aids in its persistence and survival
[8]. Esterase enzyme degrades ester bonds and assists in tissue
invasion. All these enzymes together contribute to the pathogenicity
of these yeasts by exacerbating the damage to mucosal surfaces
and the immune system, thereby enhancing their dissemination,
virulence, and drug resistance [9,10].

Extracellular enzymatic activity is a crucial factor that defines not
only the virulence of the infecting Candida strain but also provides
an indication of the likelihood of rapid resistance development to the
commonly used empirical drug fluconazole. Existing information on
enzyme activity of Candida infecting HNC patients is scarce [11,12].
C. albicans and NAC species are clinically indistinguishable, but they
vary widely in terms of virulence and drug resistance. The role of
various extracellular enzymes in increasing the severity of mucositis
is poorly investigated. Mucositis, a major dose-limiting toxicity that
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occurs in the majority of patients undergoing RT for HNC, becomes
even more complicated with candidiasis, thereby increasing the
cost of treatment [13]. There are various studies assessing the
extracellular enzymatic activities of Candida causing various clinical
infections [14-18], but there are not many studies from India on
Candida causing oropharyngeal infections in HNC patients. The aim
of the present study was to determine the difference in enzymatic
activity expressed by various Candida species isolated from HNC
patients undergoing RT. The primary objective of this study was
to investigate the difference in the extracellular enzymatic activities
of C. albicans and NAC species for the determination of their
pathogenesis and virulence. The secondary objective of the study
sought to establish a correlation between the severity of mucositis
in HNC patients undergoing RT and the extracellular enzymatic
activities of Candida species.

MATERIALS AND METHODS

A cross-sectional study was conducted in the outpatient clinic
of Department of Radiation Oncology, Amala Institute of Medical
Sciences, Thrissur, Kerala, India on HNC patients in whom Candida
was isolated. A total of 276 patients were enrolled in the study over
a period of four years (January 2019 to December 2022). The study
was approved by the institutional research and ethics committee
(Ref No. 30/IEC/19/AIMS-11). According to the ethical principles
involving research in human subjects, all procedures were performed
after obtaining informed and written consent from each subject. Co-
morbidities such as diabetes and hypertension were also noted.

Inclusion criteria: Individuals of both genders, aged 18-85 years,
undergoing cancer treatment (RT or chemotherapy (CT)/RT) for
histologically confirmed carcinoma. All patients who were treated
using Intensity Modulated Radiation Therapy (IMRT) technique with
a dose ranging from 60 to 70 Gy were included in the study.

Exclusion criteria: Patients with a recent history of candidiasis or
currently on antifungals were excluded from the study.

Sample size: Based on previous studies with a prevalence rate
ranging from 25-35% [1,19], an average prevalence of 30% was
used for sample size calculation.

n=(Z1-a/2)?pg/d?

P=Prevalence 30%, d=relative precision 20% P, a=significance level
5%.

The minimum sample size required for the study was 224.

Determination of enzyme activity: Oral swabs were collected
whenever there were clinical signs and symptoms of candidiasis
and processed in the microbiology laboratory according to standard
protocol [20]. Species identification was done based on colour in
HiCromeTM Candida differential agar (HiMedia Laboratories Pvt.,
Limited, Mumbai, India), germ tube test, and chlamydospore
production. The strains were stored in Sabouraud’s Dextrose Agar
(SDA) slants until further testing.

Determination of phospholipase activity: The method described
by Price MF et al., was used with minor modifications. Egg yolk
agar medium was used for culture [21]. Basal media was SDA
with NaCl and CaCl to which 10% sterile egg yolk emulsion
was added. Candida isolates were freshly subcultured on SDA
for 24 hours, and a 10 pL suspension of 107 yeast cells/mL in
Phosphate Buffered Saline (PBS) was plated on the surface of egg
yolk medium and left to dry at room temperature. The plates were
then incubated at 37°C for 72 hours. The phospholipase activity of
the isolates was interpreted as positive when a precipitation zone
was visible around the growth. The value of phospholipase activity
(P2) is determined by the ratio of the diameter of the colony plus
the precipitation zone to the diameter of the colony. A Pz value of
1 means the test strain is negative, and a value of 0.69 or lower
indicates very high phospholipase production [21]. Each Candida
isolate was tested twice.
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Determination of proteinase activity: Bovine Serum Albumin (BSA)
media was used following the method described by Richel R et al.,
[22]. A solution containing 0.04 g MgS0,.7H,0, 0.5g K,HPO,, 1 g
NaCl, 0.2 g yeast extract, and 4 g glucose was prepared. The pH
was adjusted to 3.5. The solution was sterilised by filtration and then
mixed with 140 mL of melted agar and poured into petri dishes. The
formation of a transparent halo around the yeast colonies indicated
the production of proteinase. Candida strains were inoculated in
triplicate, and the plates were incubated at 37°C for seven days.
Proteinase activity (Prz) was measured and calculated according to
the method described by Price MF et al., in terms of the ratio of the
diameter of the colony to that of the colony plus the precipitation
zone [21].

Determination of haemolytic activity: The method by Luo G et
al., was followed for haemolysin detection, and the haemolytic index
was calculated [23]. SDA with 3% glucose and 7% fresh blood was
used as the medium. Candida isolates were freshly subcultured
on SDA for 24 hours, and a cell suspension of 108 cells/mL was
prepared. A 10 pL aliquot was taken from this suspension, and a
5 mm inoculum was made on the surface of the agar plate. The
plates were then incubated at 37°C in 5% CO, for 48 hours. The
presence of a distinct translucent halo and/or a greenish-black ring
around the inoculum site indicated positive haemolytic activity when
viewed with transmitted light. Haemolysis tests were repeated three
times, and the results represent mean+SD values.

The diameters of the zone of haemolysis and the colony were
measured to evaluate the intensity of haemolys in production exhibited
by different Candida strains. The diameter of the translucent radial
zone of haemolysis was divided by the diameter of the colony size,
and this ratio was used as the haemolytic index [23].

Determination of esterase activity: Tween 80 opacity medium was
used for the assay according to the previously described method
[24]. The medium was prepared with 10 g peptone, 5 g NaCl, 0.1 g
CaCl,, 15 g agar, and 1000 mL distilled water, with the pH adjusted
t0 6.8. It was autoclaved at 121°C for 15 minutes, allowed to cool to
about 50°C, mixed with 5 mL of preautoclaved and cooled Tween
80, and dispensed into sterile petri dishes. An overnight culture of
each Candida isolate grown on SDA was transferred to the Tween
80 opacity medium and spread over a circular inoculation site of
approximately 10 mm diameter. The inoculated agar plates were
incubated aerobically at 35°C and examined daily for upto 10 days.
All strains were assayed in duplicate. Esterase activity on the test
plates was detected by observing halos of precipitation around the
inoculum under transmitted light.

Grading of mucositis was performed by an oncologist based on
RTOG [25] as Grade-1 (mild), Grade-2 (moderate), Grade-3 (severe),
and Grade-4 (life-threatening).

STATISTICAL ANALYSIS

The data were analysed using SPSS (v23, IBM, lllinois, US). The
demographic variables of patients with C. albicans and NAC were
analysed using the Chi-square test. Unpaired t-test was used to
analyse the difference in mean enzyme activity between the two
groups. The correlation between mucositis and extracellular enzyme
activity was analysed using Spearman rank correlation.

RESULTS

Candidiasis was confirmed in 97 (35.1%) out of 276 patients who
were undergoing RT for HNC. The mean age of the patients was
65+11 years. Out of the 97 (35.1%) Candida species isolated,
C. albicans was the predominant one, with 56 (57.7%) cases, and
NAC species accounted for 41 (42.3%) cases. Among a total of
79 (81.4%) men with Candida infection, C. albicans was isolated
from 44 (55.6%) and NAC species from 35 (44.4%). In women with
oropharyngeal candidiasis, C. albicans was isolated from 12 (66.7 %)
cases and NAC from 6 (83.3%) cases, out of a total of 18 (18.6%)
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women. There was no statistically significant difference between the
two groups causing infections in men and women (p-value=0.390),
as well as those with diabetes (p-value=0.127) and hypertension
(p-value=0.979) [Table/Fig-1].

Non albicans Candida

Characteristics C. albicans (NAC) species p-value
Gender
Women 12 (66.7%) 6 (33.3%)

0.390
Men 44 (55.6%) 35 (44.4%)
Diabetic
Yes 20 (48.8%) 21 (51.2%)

0.127
No 36 (64.3%) 20 (35.7%)
Hypertension
Yes 22 (57.9%) 16 (42.1%)

0.979
No 34 (57.6%) 25 (42.4%)

[Table/Fig-1]: Demography of Head and Neck Cancer (HNC) patients with candidiasis.

p-value >0.05=Not significant (Chi-square test)

Extracellular enzymes, including phospholipase, proteinase, esterase,
and haemolytic activity, were shown by most of the Candida
species isolated [Table/Fig-2]. However, phospholipase activity was
exhibited by only a few strains. Proteinase and haemolytic activity
were detected in 88 (90.7%) and 84 (86.6%) isolates, respectively,
while phospholipase activity was shown by only 18 (18.5%) isolates
[Table/Fig-3].

e
—

[Table/Fig-2]: Photographs of extracellular enzyme activity of Candida species
isolated: (a) Phospholipase; (b) Proteinase; (c) Haemolysin; and (d) Esterase.
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Out of the total 88 Candida strains that were proteinase producers,
the majority (50, 56.8%) were C. albicans, with a mean Prz of
0.87+0.05. The NAC strains (38, 43.1%) showed a slightly higher
mean Prz value (0.88+0.04), but there was no statistical significance
(p-value=0.346). The same was the case with haemolysin and
esterase production, with 52/84 (61.9%) and 42/67 (62.6%)
strains isolated being C. albicans. The mean haemolytic activity of
C. albicans and NAC were 0.82+0.06 and 0.83+0.07, respectively.
Phospholipase production was detected in very few strains (18,
18.5%), of which the majority were C. albicans (11, 61.1%) with
a mean Pz value of 0.82+0.09. The mean Pz of NAC (0.85+0.09,
n=7, 38.9%) was slightly higher than that of the C. albicans strains,
but without statistical significance (p-value=0.465) [Table/Fig-3]. A
higher degree of enzyme activity (4+ and 3+) was shown by a greater
number of C. albicans strains than NAC. However, there was no
statistically significant difference between the organisms with respect
to the mean phospholipase, proteinase, haemolysin, and esterase
activity (p-value >0.05). The results are shown in [Table/Fig-3-5].

Grade-2 mucositis was recorded in 36 (37.1%) of the patients with
candidiasis, and 39 (40.2%) showed Grade-3 mucositis. 22 (22.7 %)
patients developed grade 1 mucositis and grade 4 mucositis was
not reported in any of the patients. Spearman’s rank correlation test
was done to assess the correlation. A weak positive correlation
was noted between mucositis and extracellular enzymes, such as
phospholipase and proteinase, in C. albicans, which was not shown
by NAC [Table/Fig-6].

DISCUSSION

The probable diagnosis of oropharyngeal candidias is based
solely on signs and symptoms which can be misleading, as
these yeasts are found in the oral cavity of the majority of HNC
patients undergoing RT. In this study, the overall prevalence of
oropharyngeal candidiasis, both clinically and microbiologically
confirmed, was 97 (35.1%). Such a prevalence rate was consistent
with previous reports [1,26,27]. Clinical as well as microbiological
correlation is essential in the diagnosis of candidiasis, as it is difficult
to differentiate it from mucositis in HNC patients. This will also help
in the early detection and treatment to avoid premature termination
of RT. The main aim of the present study was to determine the
difference in enzymatic activity expressed by C. albicans and NAC
species. Various extracellular enzymes are secreted by Candida,
which act as potential virulence factors. The study results show that
C. albicans (56, 57.7%) was the most frequently isolated Candida
species with a high degree (4+, 3+, and 2+) of enzymatic activity,
which accounts for its virulence. Similar results were also reported

[Table/Fig-3]: Enzyme production.

Phospholipase Proteinase Haemolytic activity
n*(%) n*(%) n*(%)
Isolate 18 (18.5%) Mean+SD p-value 88 (90.7%) Mean+=SD p-value 84 (86.6%) Mean+SD p-value
C. albicans 11 (61.1%) 0.82+0.09 50 (56.8%) 0.87+0.05 52 (61.9%) 0.82+0.06
0.465 0.346 0.478
NACT 7 (38.9%) 0.85+0.09 38 (43.1%) 0.88+0.04 32 (38.1%) 0.83+0.07

n*=No: of isolates; TNAC: Non albicans candida; species. p-value >0.05=Not significant. (Student t-test);

Pz*/Przt Non albicans Candida
value Degree C. albicans (NAC) species
Phospholipase | Proteinase | Phospholipase | Proteinase
<0.69 +H++ 1(9.1%) 3 (6%) 1(14.3%) 1(2.6%)
0.70-0.79 +++ 4 (36.4%) 1(2%) 0 1(2.6%)
0.80-0.89 ++ 4 (36.4%) 28 (56%) 4 (57.1%) 16 (42.1%)
0.90-0.99 + 2(18.1%) 18 (36%) 2 (28.6%) 20 (52.6%)
1.00 - 0 0 0 0
Total 11 50 7 38

[Table/Fig-4]: Distribution of Phospholipase/Proteinase activity values among

C. albicans and Non Albicans Candida (NAC) species.
Pz*-Phospholipase activity; Prz'-Proteinase activity
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Non-albicans Candida (NAC)
Esterase activity C. albicans species p-value
Positive 67 (69.1%) 42 (62.6%) 25 (37.3%)
0.141
Negative 30 (30.9%) 16 (63.3%) 14 (46.7%)

[Table/Fig-5]: Esterase activity of C. albicans and Non-albicans Candida (NAC)

species.
p-value=0.141=Not significant. (Student t-test)

by Maheronnaghsh M et al., and Tsang CS et al., [28,29]. In their
studies, high enzymatic activity was shown by the strains isolated
from patients compared to those from control groups, indicating a
significant association between the degree of enzyme production
and strain virulence.
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C. albicans Non albicans Candida (NAC) species

Correlation between mucositis and | Spearman’s rank correlation 95% CI* p value Spearman’s rank correlation 95% CI* p-value
Phospholipase 0.148 0.101-0.248 0.306 -0.292 -0.210-0.320 0.099
Proteinase 0.186 0.146-0.210 0.346 -0.169 -0.134-0.189 0.348
Haemolytic activity -0.159 -0.113-0.69 0.270 -0.196 -0.116-0.210 0.275

[Table/Fig-6]: Correlation between mucositis and enzyme activity of C. albicans and Non albicans Candida (NAC) species.

*Confidence Interval; p-value >0.05=Not significant

More than 90% of the strains isolated in the present study were
proteinase producers, with 50 (56.8%) being C. albicans. Although
the mean proteinase activity of NAC species was slightly higher
than that of C. albicans, the majority of them had low degrees
of activity. A study by Nawaz A et al., showed that NAC species,
particularly C. tropicalis, exhibited high proteolytic activity [30].
[t has been proven that C. albicans proteinases play a role in
augmenting pathogenesis. The breakdown of humoral host defense
mechanisms caused by the action of C. albicans proteinases may
render hosts more vulnerable to microbial infections and aggravate
infectious diseases in compromised hosts. Studies have described
that Secreted Aspartyl Proteinases (SAP) damage surface proteins
and degrade locally protective IgA and C3 components, thus
facilitating tissue invasion [17,31,32]. In this study, a high number
of C. albicans strains were proteinase producers and showed high
activity. A positive correlation was observed between mucositis
and proteinase production in the present study. llikhanizadeh-Qomi
M et al., in a similar study on oral cancer patients, showed that
C. albicans strains were more potent producers of proteinase and
phospholipase with a high level of gene expression [32]. The SAP
highly contributes to the damage to mucosal surfaces, as shown by
the high level of expression of the Sap genes in their study, which
clearly indicates the relationship between virulence and enzymatic
activity. Jahanshiri Z et al., also demonstrated a high level of Sap
gene expression in HNC patients, which again indicates its role
in increasing the severity of mucositis in these patients [17]. The
initiation of mucositis occurs concurrently with the administration
of RT. Aimost 90% of HNC patients develop mucositis, which may
affect their quality of life, treatment costs, and prognosis if treatment
breaks occur [1,2,19]. Extracellular phospholipase lyses host cells
to facilitate adhesion and penetration. The phospholipase enzyme
breaks down the phospholipids of the cell membrane, causing cell
lysis. Direct host cell damage and lysis have been proposed as
major mechanisms contributing to microbial virulence. In the present
study, C. albicans was found to be the most frequent phospholipase
producer. This finding was similar to that reported earlier by
llkhanizadeh-Qomi M et al., [32]. Only 4 (12.5%) C. albicans isolates
in their study lacked phospholipase activity, while in this study, only
11 (19.6%) of the C. albicans strains showed phospholipase activity.
Pandey N et al., reported a decrease in phospholipase activity
compared to other enzymes in their study on Candida isolates from
the blood of intensive care patients [18]. The strains in their study
showed 84.72%, 55.69%, and 37.97% proteinase, phospholipase,
and esterase activities, respectively. NAC species were the most
prevalent in their study, but there was no significant difference in
enzyme production compared to C. albicans, which was consistent
with the findings of the present study. Erum R et al., in their study
on Candida infections in surgical sites and Jahanshiri Z et al., in a
study on C. tropicalis from oral cancer patients showed that a high
level of enzymatic activity is directly associated with the severity of
infection and azole resistance [33,34].

In this study, 52/56 (92.8%) of the C. albicans strains showed
haemolytic activity, while with NAC species, it was 32/41 (78%).
The mean haemolytic activity of NAC species was slightly higher
than that of C. albicans, but a high degree of haemolytic activity
was shown by C. albicans. Similar results of high haemolysin
production were reported by Pandey N et al., in their study [18].
Duval C et al., demonstrated in their study that haemolysin enzymes

in C. albicans could cause iron release from red blood cells, and
these enzymes can cause sustained adhesion of the yeast cell to
the host, ultimately leading to infection [35]. They showed that the
pathogenicity of Candida species is directly dependent on the activity
level of the enzyme. Nouraei H et al., in their study on candidemia
patients, reported a significant difference in the enzymatic activity of
C. albicans and NAC species [36]. Furthermore, very high levels of
phospholipase, proteinase, and haemolytic activity were shown by
C. albicans, which was similar to the present study. The strength
of this study lies in the uniform patient selection, with all patients
receiving RT using the IMRT technique in the head and neck region.

Limitation(s)

The major limitation of this study was the lack of comparison
regarding the enzymatic activity of Candida isolates from the oral
cavity of non immunocompromised individuals. Further molecular
studies are needed to assess the expression level of these genes
and compare it with the pathogenicity and virulence of these
Candida strains.

CONCLUSION(S)

Although all the strains were pathogenic, the enzyme activity
shown by them varied. C. albicans was the predominant Candida
species isolated from HNC patients undergoing RT. Majority of the
C. albicans strains isolated from these patients showed proteinase
activity, haemolytic activity, and esterase activity. They also showed a
high degree of all four enzymatic activities, indicating their virulence.
Phospholipase activity, which has a potential role in the emergence
of drug resistance, was detected in very few strains and needs
to be closely monitored. The majority of the C. albicans strains
were proteinase producers, highlighting their role in increasing the
severity of mucosal infections in HNC patients. A positive correlation
was observed between mucositis and proteinase as well as
phospholipase activity with C. albicans.
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