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ABSTRACT

Introduction: Candida species are normal inhabitants of the skin and mucosa. The importance of epidemiological monitoring of
yeasts involved in pathogenic processes is unquestionable due to the increase of these infections over the last decade; Materials
and Methods: The clinical samples from the respiratory tract (sputum, bronchial wash, tracheal secretions), saliva, blood, urine,
middle ear discharge, vitreous fluid, corneal ulcer, and plastic devices (endotracheal tube, catheter tip, suction tip) were collected
and cultured. The species of Candida isolated were identified. Results: A total of 111 isolates of Candida species were recovered
from 250 diverse clinical sources. C. albicans (39.64%) was the most isolated species, although the Candida non albicans
species with 60.36% showed the major prevalence. In blood cultures, C. krusei (38.23%) and C. albicans (20.58%) were isolated
frequently. C. albicans (63.27%) was the predominant species in mucosal surface. Urinary tract infections caused by yeasts were
more frequent in hospitalized patients, C. krusei (50.0%) being commonly isolated, followed by C. albicans (25.0%). Discussion:
Several virulence factors like, biofilm, proteinase, phospholipase, etc. contribute to the pathogenecity. Early detection of virulence
factors by Candida is useful in clinical decision making. We therefore have aimed at demonstrating the formation of biofilm using
the method proposed by Branchini et al, (1994). The proteinase produced by Candida was estimated as per the method of Staib
et al, (1965). Phospholipase assay was carried out as per the method of Samaranayake et al, (2005). Conclusions: The data
suggests that the capacity of Candida species to produce biofilm may be a reflection of the pathogenic potential of the isolates. C.
krusei and C. tropicalis showed strong slime production. The non-Candida albicans produced more proteinase than C. albicans.
C. albicans produced higher levels of phospholipase than non Candida albicans in this study.
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INTRODUCTION Most pathogens, including Candida species, have developed

an effective battery of putative virulence factors and

( andida species are normal inhabitants of the skin  gpecific strategies to assist in colonization, invasion, and

and mucosa. The importance of epidemiological  pathogenesis. The virulence factors expressed by Candida

monitoring of yeasts involved in pathogenic processes  gpecies, to cause infections may vary depending on the type

is unquestionable due to the increase of these infections of infection, the site and stage of infection, and the nature

over the last decade; so are the changes observed in species
causing candidiasis and empirical antifungal treatment.!"

Although C. albicans is the organism most often associated
with serious fungal infection, other Candida species also have
emerged as clinically important opportunistic pathogens.
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of the host response. The main virulence factors are biofilm
formation, production of acid proteinase, phospholipase,
etc. Once the contact is made, enzymes facilitate adherence
by damaging or degrading cell membranes and extracellular
proteins thus permitting the yeast to enter the host, whereas
phenotypic switching or coating with platelets may be used
to evade the immune system.

Biofilms are the structured microbial communities that are
attached and encased in a matrix of exopolymeric material,”
and are important for the development of clinical infection.
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The most external layers of Candida cells are essential for
the adherence to host surface, thereby playing a pivotal role
in the pathophysiology of candidiasis.” The advantages of
forming a biofilm include protection from the environment,
nutrient availability, metabolic cooperation, and acquisition
of new genetic traits.

Aspartyl proteinases are secreted by pathogenic species of
Candida in vivo duting infection.! The enzymes are secreted
in vitro when the organism is cultured in the presence of
exogenous protein (usually bovine serum albumin) as
the nitrogen source. Proteinase production is believed to
enhance the ability of the organism to colonize and penetrate
host tissues and to evade the host immune system.P!

Phospholipase enzymes are associated with membrane
damage of the host cells, adherence, and penetration.
Invasion of host cells by microbes entails penetration and
damage of the outer cell envelope. Early data suggest that
direct host cell damage and lysis are the main mechanisms
contributing to fungal virulence.

MATERIALS AND METHODS

A total of 250 different clinical samples were collected
from patients being treated in hospitals and nursing homes
in and around Bangalore. The patients had no history of
antifungal drug exposure prior to collection. The samples
collected include 102 from respiratory tract (sputum,
bronchial wash, tracheal secretion) and saliva, 120 from
blood, 12 from urine, 2 from middle ear discharge, 1 from
vitreous fluid, 1 from corneal ulcer, and 9 samples from
plastic devices (endotracheal tube, catheter tip, suction tip).

All the respiratory specimens and exudates were examined
in 10% KOH. In addition, the smears were gram stained and
examined. The samples were inoculated on to Sabouraud’s
dextrose agar as the main isolation medium. For blood
samples, SDA biphasic medium with chloramphenicol and
gentamicin was used. The culture medium was incubated
at 37°C for a week or longer if required.

The identification of the species was conducted by
assessing the germ tube formation, pellicle formation,
assimilation, fermentation of sugars. They were cultured
on cornmeal agar for demonstration of chlamydospores.
Culture on candid chrom agar was used for identification
of the species.

Biofilm formation

Biofilm formation was determined for all the isolates

and the standard strains by using a method proposed
by Branchini e a/!! A loopful of organisms from the
SDA plate was inoculated into a tube containing 10 ml
sabouraud’s liquid medium supplemented with glucose
(final concentration of 8%). The tubes were incubated at
37°C for 24 h after which the broth was aspirated out and
the walls of the tubes were stained with safranin. Biofilm
formation was scored as negative (0+), weak positive (1+),
moderate positive (2+), or strong positive (3+).

Proteinase detection

The Candida proteinase was detected by the slightly
modified Staib ¢ a/, method!” using Bovine serum albumin
medium (dextrose 2%, KH, PO, 0.1%, MgSO, 0.05%,
agar 2% mixed after cooling to 50°C with 1% bovine
serum albumin solution). Proteinase activity was detected
by inoculating 10 ul aliquots of the yeast suspension
(approximately 10%yeast cells /ml) into the wells punched
onto the surface of the medium. The plates were
incubated at 37°C for 2 days. After incubation, the plates
were fixed with 20% trichloracetic acid and stained with
1.25% amidoblack. Decolourisation was performed with
15% acetic acid. Opaqueness of the agar, corresponding
to a zone of proteolysis around the wells that could not
be stained with amidoblack indicated degradation of the
protein. The diameter of unstained zones around the well
was considered as a measure of proteinase production.
The proteinase activity (Pz) was determined in terms of
the ratio of the diameter of the well to the diameter of the
proteolytic unstained zone. When Pz = 1, no proteinase
activity was detected in the strain. Thus, low Pz means
high production of the enzyme.

Phospholipase estimation

Slightly modified method of Samaranayake 7 /" was used
to estimate phospholipase. The egg yolk medium used
consisted of 13.0 g sabouraud dextrose agar (SDA), 11.7 ¢
NaCl, 0.111 g CaCl, and 10% sterile egg yolk. The egg yolk
was centrifuged at 500 g for 10 min at room temperature,
and 20 ml of the supernatant was added to the sterilized
medium. Extracellular phospholipase activity was detected
by inoculating 10 ul aliquots of the yeast suspension
(approximately 10° yeast cells /ml) into the wells punched
onto the surface of the egg yolk medium. The diameter of
the precipitation zone around the well was measured after
incubation at 37°C for 48 h. Phospholipase activity (Pz
value) was determined. When Pz = 1, no phospholipase
activity was detected in the strain. Thus, Low Pz means
high production of the enzyme.
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Table 1: Candida species isolated from different clinical samples

Source of clinical isolates Respiratory tract Blood Urine Plastic devices Eye Middle ear discharge Pus Total
Positive isolates 49 34 12 9 2 2 3 111
C. albicans 31 7 3 3 o o o 4t
C. krusei 11 13 6 3 1 o 1 35
C. tropicalis 4 2 1 1 [) o 1 9
C. parapsilosis ¢} 4 1 o (¢] ¢} o 5
C. guilliermondii 1 2 o o o 1 o 4
C. pseudotropicalis o 2 o o o o o 2
C. glabrata o 4 1 o 1 1 o 7
C. stellatoidea 2 o o 2 o o 1 5

Respiratory tract - Sputum, saliva, bronchial washing, tracheal secretion; Plastic devices -Endotracheal tube, suction tip, catheter tip; Eye -Vitreous fluid, corneal ulcer

RESULTS

The species spectrum of the isolate was as follows, of
the 111 isolates 49 were C. albicans, 7 C. glabrata, 4 C.
guilliermonds, 2 C. kefyr, 35 C. krusei, 5 C. parapsilosis, and 9 C.
tropicalis. Candida species distributions in different clinical
samples are shown in Table 1.

A total of 81 (73%) out of 111 Candida species isolates
obtained from the clinical isolates produced biofilm. Only
51% (25 of 49) of C. albicans isolates produced biofilm,
which was significantly lower than the percentage of all non
albicans Candida species isolates producing slime (90.32%,
56 of 62; P<0.0001). Strong biofilm production was seen
in C. krusei and C. tropicalis. Weak biofilm production was
seen in C. albicans.

Proteinase activity was detected in 89 (80.18%) isolates.
Highest proteinase producers were C. &efyr (Pz 0.16), C.
guilliermondii (Pz 0.17), followed by C. albicans (Pz 0.18),
whereas the least producer in the group was C. glabrata
Pz 0.29).

Phospholipase activity was detected in 49 (44.14%) isolates.
Highest phospholipase producer is C. guilliermondii (Pz
0.07), followed by C. parapsilosis (Pz 0.08). Least producer
is C. tropicalis (Pz 0.27).

Biofilm, proteinase, and phospholipase production by
Candida species isolated from clinical specimen are shown
in the Figure 1.

DISCUSSION

Candida 1s an asexual, diploid, dimorphic fungus that
is present on humans and in their environment. A
relatively small number of Candida species are pathogenic
for humans. These organisms are capable of causing a
variety of superficial and deep-seated mycoses such as
cutaneous, mucocutaneous, subcutaneous, or Systemic
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Figure 1: Number of Candida species producing proteinase,
phospholipase, and biofilm

candidiasis. Candida organisms are commensals; and to
act as pathogens, interruption of normal host defenses
is necessary. Therefore, general risk factors for Candida
infections include immunocompromised states, diabetes
mellitus, and iatrogenic factors like antibiotic use, indwelling
devices, intravenous drug use, and hyperalimentation fluids.
Candidiasis has emerged as an alarming opportunistic
disease as there is an increase in number of patients who
are immunocompromised, aged, receiving prolonged
antibacterial and aggressive cancer chemotherapy or
undergoing invasive surgical procedures and organ
transplantation.

The present study showed the distribution of Candida
species in different clinical samples and the predominance
of non-Candida albicans, as was also shown by Mujika e7 a/."
The most common isolate from all samples was C. &ruse:.
C. albicans (41.37%) was the predominant species recovered
from respiratory tract samples. The patients aged above 60
years of age and had productive cough; they probably had
secondary infection due to Candida. A total of 120 blood
samples were collected from the ICUs and dialysis units.
The predominant species isolated from the blood samples
were non-Candida albicans. The most common isolate was
C. krusei. Most catheter-related septicemias are caused by
microorganisms that invade the intracutaneous wound
during catheter insertion or thereafter.”'!! The proportion
of such infection due to non-Candida albicans species is
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petsistently rising."*'" The saliva samples were collected
from 84 diabetic individuals aged above 60 years. Saliva
samples from 31 patients yielded C. albicans 23 (74.19%)
and non-Candida albicans 8 (25.8%). Urine samples yielded
C. krusei 6 (50.0%); followed by C. albicans 3 (25.0%) and
these patients had symptoms of urinary tract infection.
The isolates from pus, middle ear discharge, and eye were
predominantly non Candida albicans species. Plastic devices
like endotracheal tube, suction tip, and catheter tip were
collected from patients. These cultures yielded C. albicans
and C. grusei predominantly.

A biofilm is a community of microorganisms and their
extra cellular polymers that are attached to a surface."
Biofilms atre a collection of microorganisms surrounded
by the slime they secrete. The ability to form biofilms
is associated with the pathogenecity and as such should
be considered as an important virulence determinant
during candidiasis. Biofilms may help maintain the role
of fungi as commensal and pathogen, by evading host
immune mechanisms, resisting antifungal treatment,
and withstanding the competitive pressure from other
organisms. Consequently, biofilm related infections
are difficult to treat.'"” The biofilm production is also
associated with high level of antimicrobial resistance of the
associated organisms.!'"” Biofilm positivity occurred most
frequently in isolates of C. krusei followed by C. tropicalis,
C. kepyr, C. guilliermondii, C. parapsilosis, C. glabrata, and C.
albicans. In contrast, Hawser and Douglas!" reported that
isolates of C. parapsilosis and C. glabrata were significantly
less likely to produce biofilms than the more pathogenic C.
albicans. Biofilm production in this study was more related
to the species of Candida than to the site of infection.
There were no significant differences in biofilm production
when grouping the strains according to the patients’ age,
and site of infection.

Aspartyl proteinases are secreted by pathogenic species
of Candida in vivo during infection. Secreted aspartic
proteinases (Saps) are responsible for the adhesion,
tissue damage, and invasion of host immune responses.
Proteinases fulfill a number of specialized functions during
the infective process, they include digesting molecules
for nutrient acquisition, digesting or distorting host cell
membranes to facilitate adhesion and tissue invasion, and
digesting cells and molecules of the host immune system
to avoid or resist antimicrobial attack by the host. The
proteinase-producing capacity of Candida non albicans
56 (50.45%) was less than that of C. albicans 33 (67.34%)
in this study. The interspecies vatiation in the amount of
proteinase produced varied significantly (P<0.05).

The term "phospholipases” refers to a heterogeneous
group of enzymes that share the ability to hydrolyze
one or more ester linkage in glycerophospholipids. Since
phospholipase targets membrane phospholipids and digests
these components, leading to cell lysis;™ direct host cell
damage and lysis has been proposed as a major mechanism
contributing to microbial virulence. A total of 23 (46.93%)
of C. albicans isolates and 26 (42%) of non-Candida albicans
isolates produced phospholipase. The result in this study
agrees with the reports of Ibrahim ef 2" in proving that
C. albicans isolated from the blood samples showed greater
extracellular phospholipase activity.

CONCLUSION

The present study showed predominance of non-Candida
albicans in different clinical samples. The number of non
Candida albicans producing proteinase, phospholipase and
biofilm are more than the number of C. albicans producing
these virulence factors. This result suggests that the biofilm
production is more important for non-Candida albicans strains
and Candida albicans possess mechanisms other than biofilm
production to establish infections. Our study showed that
the percentage of non-Candida albicans producing proteinase
is higher than C. albicans, whereas C. albicans are higher
producers of phospholipase than non-Candida albicans.
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