Clin. Lab. 2025;71:XXX-XXX
©Copyright

ORIGINAL ARTICLE
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SUMMARY

Background: Candidiasis can be present as a cutaneous, mucosal, or deep-seated organ infection, which is caused
by more than 20 types of Candida spp., with C. albicans being the most common. Hence, this work aimed to esti-
mate some virulence factors, including phospholipase and biofilm formation, in some Candida spp.

Methods: A total of eighty-six specimens were collected from patients with oral and vaginal candidiasis and sub-
jected into different examinations, including cultural characteristic (on Sabouraud Dextrose Agar SDA and chro-
mogenic Candida agar) and microscopic examination and germ tube formation (GT)to isolate Candida spp. In ad-
dition, the egg-yolk agar plate method was used to determine the extracellular phospholipase production, and the
microtiter plate method was used to determine biofilm formation of Candida spp. Vitek Compact equipment was
used to identify the highest phospholipase and biofilm-producers of Candida spp.

Results: As a result of all examinations, 58.1% (n = 50/86) of isolates of Candida spp. were obtained, including
26.7% (n = 23/86) isolates of Candida spp. from oral cavity and 31.3% (n = 27/86) isolates of Candida spp. from
vaginal cavity. These isolates included 58% (n = 29/50) C. albicans, 10% (n = 5/50) C. glabrata, 6% (n = 3/50) C.
parasilosis, 6% (n = 3/50) C. krusei, 6% (n = 3/50) C. lusitaniae, 6% (n = 3/50) C. kefyr, 6% (n = 3/50) C. tropicalis,
and 2% (n = 1/50) C. ciferrii. To quantify extracellular phospholipase production, the egg-yolk agar plate method
was utilized. The results indicated that the majority of isolates (n = 33; 66%) were phospholipase-strong produc-
ers, 18% (n = 9) of isolates were phospholipase-moderate producers, 5% (n = 10) were phospholipase-weak pro-
ducers, and 6% (n = 3) were non-phospholipase producers. Microtiter plate method was utilized to estimate for-
mation of biofilm by Candida spp. obtained from vaginal and oral cavities. The majority of Candida spp. isolates
(n = 32; 64%) were biofilm-strong producers, followed by 30% (n=15) moderate-biofilm producers and 6% (n =
3) weak-biofilm producers. The results of VITEK 2 system indicated that the probability of C. albicans, C. krusei,
C. kefyr, C. tropicalis, C. lusitaniae, C. glabrata, and C. ciferrii was 98, 95, 94, 91, 85, 93, and 85 %, respectively.
Conclusions: Candida albicans was the most frequent isolate among all isolates.
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INTRODUCTION

There are more than 20 different forms of Candida spp.,
with C. albicans being the most prevalent, and they may
all cause candidiasis, which can manifest as a cutane-
ous, mucosal, or deep-seated organ infection. This path-
ogenic yeast is often found in the wholesome microbi-
ome [1]. Candidiasis includes different types, such as
vulvovaginal and oral candidiasis. Congenital candidia-
sis may result from a mother's case of vulvovaginal can-
didiasis (VVC), which is frequent in the latter months
of pregnancy. VVC infections can also lead to miscar-
riage or premature birth [2,3].

Candida spp. vaginal infections, the second most fre-
quent kind of illness, produce severe vulvovaginal can-
didiasis in most women. An overgrowth of the fungus
Candida, most often Candida albicans, causes oral can-
didiasis, a frequent opportunistic infection of the mouth.
The prevalence changes with age and other risk vari-
ables [4]. Candida albicans is the most prevalent spe-
cies in colonization of the oral mucosa in healthy and
immunocompromised individuals. In addition, Candida
albicans was the most frequent fungus isolated from
type 2 diabetes mellitus(T2DM) in Iraqi patients [5].
Nevertheless, C. dubliniensis, C. guilliermondii, C. kru-
sei, C. glabrata, C. tropicalis, and C. parapsilosis have
also been reported [6]. In order to produce disease, Can-
dida spp. need some virulence factors to invade the host
and survive, including biofilm formation and phospholi-
pases [7,8].

Biofilms are populations of microorganisms that are
commonly connected to a surface and wrapped in an ex-
tracellular polysaccharide matrix created by the bac-
teria. The four secreted phospholipases A through D
(PLA, PLB, PLC, and PLD) hydrolyze one or more
ester bonds of glycerophospholipids on the host cell
membrane and are hence crucial players in tissue in-
vasion. These enzymes are responsible for the break-
down of cell membranes and may break down a broad
range of host cell proteins such as cytokines, comple-
ments, collagen, keratin, antibodies, and mucus [9].

The objectives of the present study were to investigate
biofilm formation and phospholipase production from
some isolates of Candida spp. obtained from Iraqi pa-
tients with vaginal and oral candidiasis.

MATERIALS AND METHODS

Isolation of Candida isolates

Eighty-six specimens were collected from patients with
oral and vaginal candidiasis who attended the AL-Bala-
di Teaching Hospital during the period from November
2022 to May 2023. These specimens included forty-
eight vaginal and forty oral swabs. All specimens, in-

cluding 40 oral cavity swabs and 46 vaginal cavity
swabs, were collected and transported under aseptic
conditions to the laboratory. Then, all specimens were
cultured on chloramphenicol (250 mg/L) enriched-Sa-
bouraud dextrose agar (SDA) (Himedia/India) and in-
cubated for 48 hours at 37°C under aerobic conditions.

Identification of Candida isolates

Cultural examination

Using SDA, the cultural characteristics, including size,
texture, color, shape, opacity, and margin of colonies,
were investigated. Then, the Candida spp. isolates were
recultured on selective and differential medium, called
chromogenic Candida agar (Himedia/India), for 48
hours at 37°C. After incubation, the color of colonies
was utilized as indicator for identification of yeast.
CHROMagar Candida is a ready-to-use chromogenic
medium that distinguishes C. krusei, C. tropicalis, and
C. albicans based on colony color and shape. C. albi-
cans colonies are light to medium green, C. tropicalis
colonies appear dark blue to metallic blue, and C. krusei
and C. lusitaniae colonies are pink with a white border.
Other yeasts, such as C. glabrata, can generate either
light to dark mauve or cream hues on isolation media.
Colonies of C. ciferrii develop well, are regular spheri-
cal with a blue center and white edge, and become
rough with gyrus-like grooves and uneven edges [6,10].

Microscopic examination

The isolates were also stained with Gram stain after
being placed on a clean slide with a drop of physiologi-
cal saline and were examined under microscope [10].
Furthermore, a section of the colony was checked with a
sterile stick and deposited on a clean slide, which was
then mixed with a drop of lactophenol cotton blue,
coated with a cover slip, and tested under a light micro-
scope [10].

Germ tube formation (GT)

Germ tube formation by Candida spp. isolates was
studied by transferring a small portion of colonies using
a sterile stick, mixing with 0.5 mL of human serum, and
incubating the mixture at 37°C for 2.5 hours. Other
yeast species tend to form germ tubes during incuba-
tion, therefore keeping the incubation time under 3
hours is essential. Drops of the cultured serum were
placed on microscope slides using a pasteur pipette, and
any germ tubes that formed were counted. The human
serum was prepared based on the method described by
Yin et al. [11]. The detection and distinction of Candida
spp. was performed after 48 hours of incubation at
45°C.

Detection of some virulence factors of Candida spp.
Extracellular phospholipase production

To quantify extracellular phospholipase production, the
egqg yolk agar plate method was utilized. Ten microliters
of fresh inoculum of Candida (containing 24-hour-old
colonies re-suspended in five milliliters of sterile nor-
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mal saline with 1.5 x 108 CFU/mL) was added into egg
yolk agar medium. The plates were placed into an incu-
bator for 48 hours at 37°C. The opacity zone's diameter
and the colonies' diameters were estimated to calculate
the value of phospholipase (Pz) with the following
equation [12]:

Thecolonydiameter (a)
Pz

- Thediameterofcolony + Precipitationzone (b)
The results are illustrated in Table 1.

Table 1. The ranges used to evaluate phospholipase activi-
ty.

Value of Pz Phospholipase activity
1 Negative
0.80 - 0.89 Weak
0.70-0.79 Moderate
<0.70 Strong

Biofilm formation

The formation of biofilm was estimated using polysty-
rene 96-well microplates. Two milliliters of broth of
yeast peptone dextrose (YPD) were utilized to culturing
Candida spp. for 24 hours at 37°C. Serial dilution was
performed to obtain 1:20 Candida-cultured broth of
YPD as a final solution. Each well plate was filled with
two hundred microliters of Candida-cultured YPD
broth, except for the control wells, which filled with
200 pL of fresh YPD. A lid was used to seal the plate.
The plate was placed into an incubator for 24 hours at
37°C. Then, the media in the wells was discarded and
the plate was cleaned twice using sterile phosphate buf-
fer saline (PBS) to eliminate any unbonded cells. The
plate was left for fifteen minutes at room temperature.
Then, 200 pL of crystal violet were filled into each
well, and the plate was left to stand for twenty minutes.
The content of the wells was discarded by using PBS
three times in order to eliminate unattached stain, and
the plate was left to dry at room temperature. Two mi-
croliters of solution (20:80 v/v; acetone:ethanol) were
filled in each well. ELISA reader was utilized to read
the OD at 450nm. The results were determined as de-
scribed by Tartor et al., 2022 [13], as shown in Table 2.

Table 2. The values used to evaluate biofilm formation.

Value of OD Formation of biofilm
>0.320 Strong

0.120 - 0.320 Moderate
<0.120 Weak
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VITEK 2 system identification of Candida spp.

The Vitek Compact equipment, manufactured by bio-
Merieux Inc. in Durham, NC 27712, USA, was used to
identify Candida spp. in accordance with the manufac-
turer's protocol. To meet the standards set out in 21
CFR sections 11, which deal with electronic records and
signatures, these protocols incorporate the Vitek Com-
pact instrument. Each of the reagent cards has 64 wells,
and those wells are specifically made to hold a specific
kind of test substrate. Acidification, alkalinization, en-
zyme hydrolysis, and compound formation are just a
few of the many metabolic activities that may be quanti-
fied using substrates in the presence of inhibitory sub-
stances. An optically clear covering coats both sides of
the card, which together form a sealed vessel that pre-
vents oxygen delivery from interacting with the sub-
strate admixtures of the organism. Inserting the card in-
to the device reveals information about the product's
category, lot number, expiration date, and sample's
unique identification through the bar codes on the out-
side.

RESULTS

Figure 1 shows the color of the colonies; each colored
colony indicated presence of specific species of Can-
dida. Colonies of C. albicans appeared as light green
colonies, while the fuzzy, purple colonies indicated
presence of C. krusei.

As a result of all examinations, 58.1% (n = 50/86) of
isolates of Candida spp. were obtained, including
26.7% (n = 23/86) isolates of Candida spp. from oral
cavity and 31.3% (n = 27/86) isolates of Candida spp.
from vaginal cavity. These isolates include 58% (n =
29/50) C. albicans, 10% (n = 5/50) C. glabrata, 6% (n
3/50) C. parasilosis, 6% (n = 3/50) C. krusei, 6% (n
3/50) C. lusitaniae, 6% (n = 3/50) C. kefyr, 6% (n
3/50) C. tropicalis, and 2% (n = 1/50) C. ciferrii, as
shown in Figure 2.

Production of phospholipase enzyme was estimated
among isolates of Candida spp. by using egg yolk agar
plate method, whereas the results indicated that the ma-
jority of isolates (n = 33; 66%) were phospholipase-
strong producers, 18% (n = 9) of isolates were phospho-
lipase-moderate producers, 5% (n = 10) were phospho-
lipase-weak producers, and 6% (n = 3) were non-phos-
pholipase producers, as mentioned in Tables 3 and 4.
Microtiter plate method was utilized to estimate forma-
tion of biofilm by Candida spp. obtained from vaginal
and oral cavities. Based on the Tables 5 and 6, the ma-
jority of isolates (n = 32; 64%) were biofilm-strong pro-
ducers, followed by 30% (n = 15) moderate-biofilm
producers and 6% (n = 3) weak-biofilm producers.

VITEK 2 system identification of Candida spp.

According to the manufacturer's protocol, Vitek Com-
pact equipment was used to identify Candida spp., as
represented in Figures3 A, B, C, D, E, F, and G. The re-
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Table 3. Phospholipase values of vaginal and oral Candida spp.

Candida spp. (CV) Pz value Candida spp. (CO) Pz value
C. albicans CV1 0.52 C. albicansC0O28 0.41
C. albicans CV2 0.57 C. albicansC0O29 0.75
C. albicans CV3 0.77 C. albicansCO30 0.82
C. albicans CV4 0.48 C. albicansCO31 0.55
C. albicans CV5 0.46 C. albicansC0O32 0.64
C. albicans CV6 0.35 C. albicansCO33 0.52
C. albicans CV7 0.49 C. glabrataCO34 0.32
C. albicans CV8 0.76 C. glabrataC0O35 -
C. albicans CV9 0.55 C. glabrataCO36 0.81
C. albicans CV10 0.82 C. glabrataCO37 0.54
C. albicans CV11 0.56 C. glabrataCO38 0.36
C. albicans CV12 0.85 C. kruseiCO39 0.32
C. albicans CV13 0.33 C. kruseiCO40 0.71
C. albicans CV14 0.49 C. kruseiCO41 0.46
C. albicans CV15 0.54 C. lusitaniaeCO42 0.73
C. albicans CV16 0.50 C. lusitaniaeCO43 0.72
C. albicans CV17 0.72 C. kefyrCO44 -
C. albicans CV18 0.62 C. kefyrC0O45 0.35
C. albicans CV19 0.44 C. kefyrCO46 0.86
C. albicans CV21 0.54 C. tropicalisCO48 0.74
C. albicans CVV20 0.63 C.tropicalisCO47 0.73
C. albicans CV22 0.35 C. tropicalisCO49 0.46
C. albicans CV23 0.42 C. ciferriiCO50 0.43

C. parasilosis CV24 -

C. parasilosis CV25 0.43

C. parasilosis CV26 0.49

C. lusitaniae CV27 0.54

* CV - Candida species isolated from vagina, CO - Candida species isolated from oral cavity.

Table 4. The degree of phospholipase production in vaginal and oral Candida spp.

Phospholipase production
Isolate source Total
negative weak moderate strong
Oral isolates 2 (4%) 3 (6%0) 6 (12%) 12 (24%) 23 (46%)
Vaginal isolates 1 (2%0) 2 (4%) 3 (6%) 21 (42%) 27 (54%)
Total 3 (6%) 5 (10%) 9 (18%0) 33 (66%0) 50 (100%0)
sults indicated that the probability of C. albicans, C. DISCUSSION

krusei, C. kefyr, C. tropicalis, C. lusitaniae, C. glabrata,
and C. ciferrii was 98, 95, 94, 91, 85, 93, and 85%, re-
spectively.

The size, texture, color, shape, opacity, and margin col-
onies were estimated on SDA. The results revealed that
some colonies appeared as yeast-like, smooth with
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Table 5. The biofilm OD of vaginal and oral Candida spp.

rs in Candida spp.

Candida spp. (CV) OD value Candida spp. (CO) OD value
C. albicans CV1 1.041 C. albicansC0O28 0.904
C. albicans CV2 0.123 C. albicansC0O29 0.524
C. albicans CV3 0.121 C. albicansCO30 0.233
C. albicans CV4 0.832 C. albicansCO31 0.420
C. albicans CV5 1.152 C. albicansC0O32 1.395
C. albicans CV6 1.342 C. albicansCO33 0.780
C. albicans CV7 0.451 C. glabrata CO34 1.125
C. albicans CV8 0.823 C. glabrata CO35 0.90
C. albicans CV9 0.071 C. glabrata CO36 0.240
C. albicans CV10 0.301 C. glabrata CO37 0.493
C. albicans CV11 0.081 C. glabrataCO38 1.230
C. albicans CV21 0.093 C. kruseiCO39 0.561
C. albicans CV13 0.395 C. kruseiCO40 0.311
C. albicans CV14 0.672 C. kruseiCO41 1.831
C. albicans CV15 0.525 C. lusitaniaeCO42 0.192
C. albicans CV16 0.185 C. lusitaniaeCO43 0.816
C. albicans CV17 0.875 C. kefyrCO44 0.190
C. albicans CV18 0.380 C. kefyrC0O45 0.730
C. albicans CV19 0.141 C. kefyrCO46 0.267
C. albicans CVV20 0.183 C. tropicalisCO47 0.584
C. albicans CVv21 0.530 C. tropicalisCO48 0.344
C. albicans CV22 0.301 C. tropicalisCO49 1.141
C. albicans CV23 0.966 C. ciferriiCO50 1.240

C. parasilosis CV24 0.251

C. parasilosis CV25 0.175

C. parasilosis CV26 1.131

C. lusitaniae CV27 0.820

* CV - Candida species isolated from vagina, CO - Candida species isolated from oral cavity, Pz - Phospholipase.

Table 6. Distribution of Candida biofilm formation according to infection site.

Biofilm formation
Isolate source Total
weak moderate strong
Oral isolates 0 (0%) 6 (12%) 17 (34%) 23 (46%0)
Vaginal isolates 3 (6%) 9 (18%) 15 (30%) 27 (54%)
Total 3 (6%) 15 (30%) 32 (64%) 50 (100%0)

white color, which expected to be colonies of C. albi-
cans, while some colonies observed as smooth, shiny,
and creamy with white color, which expected to be
colonies of C. parapsilosis. Also, colonies of C. gla-
brata, C. kefyr, C. ciferii, and C. tropicalis appeared as
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smooth, glossy, and cream-colored, while C. krusei
shows rough colonies on this medium; these results
correspond with a previous study conducted by Al-
Dabbagh et al., 2023 [10].
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Figure 1. Candida spp. growth on CHROMagar Candida (CaC) (24 hours/37°C).

a) C. albicans; b) C. krusei; c) C. glabrata; d) C. kefyr; e) C. tropicalis; f) C. parasilosis, and j) C.ciferrii.

C. ciferrii
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Figure 2. The distribution of Candida spp. among the samples.

The colony morphology of Candida species can be used
to distinguish them from other organisms when using
chromogenic Candida agar, which is a differential and
selective medium that facilitates the quick separation of
Candida from mixed culture. Candida spp., specifically
C. albicans and C. glabrata, produce specific enzymes

that react only with the chromogenic Candida agar's re-
active substrate [14].

According to Figure 1, each colored colony indicated
the presence of specific species of Candida. Colonies of
C. albicans appeared as light green colonies, while the
fuzzy and purple colonies indicated the presence of C.
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Figure 3. Results of Candida spp. identification using VITEK 2 system.

A) C. albicans, B) C. krusei, C) C. kefyr, D) C. tropicalis, E) C. lusitaniae, G) C. glabrata, and F) C. ciferrii.
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krusei. Also, pink colonies indicated C. glabrata, cream
to white colonies with slight pink center indicated C.
kefyr, blue to purple colonies indicated C. tropicalis,
creamy to slight purple colonies indicated C. parasilo-
sis, and white to creamy colonies indicated C. ciferii
and C. lusitaniae. A different study, conducted by Bay-
ona et al., 2020 [15], is in agreement with these results.
Under microscopy, the size and shape of cells of Candi-
da spp. were identified. The results indicated that cells
of Candida were spherical or of an oval shape with
budding like a yeast, which is in agreement with Al-
Dabbagh et al., 2023 [10] and Bayona et al., 2020 [15].
In a study conducted by Ajah et al., 2020 [16], 41.98%
of the cases (n = 56 out of 111 cases) showed positive
results for Candida spp., including 56 Candida isolates
from vaginal swabs, whereas the majority of isolates
was C. albicans (n = 41; 73%), which is in agreement
with findings of this study, followed by C. glabrata 5
(9%), krusei 2 (3.5%), and other spp. Also, there were
55 different Candida spp. isolates from oral swabs, in-
cluding C. tropicalis 1(1.8%), C. krusei 2 (3.6%), and
glabrata 7 (13%), while 36 (65%) were C. albicans.

In addition, it has been reported that C. famata, C. gla-
brata, and C. albicans were the most common species
of yeast obtained from vaginal infection, with percent-
ages 14.8%, 44.5%, and 45%, respectively [17].

The findings showed that C. albicans isolates produce
germ tubes, which are lengthy, tube-like extensions
from yeast cells, and the results indicated that the other
non-C. albicans species showed to be negative, which is
in agreement with Al-Dabbagh et al., 2023 [10]. After
being incubated with human serum, the germ tubes pro-
duced for just two hours. After being incubated with hu-
man serum, the germ tubes produce in just two hours.
All C. albicans isolates in this study had the ability to
generate germ tubes when analyzed in a colony setting,
which is consistent with the findings conducted by Ma-
tare et al., 2017 [18]. C. albicans can be detected rap-
idly to the development of germ tubes in human serum.
C. albicans produce germ tubes in human serum, which
causes the fungus to transform from yeast to a fila-
mentous or mycelial growth. Fungi often respond to
changing environmental conditions by undergoing mor-
phological changes, which may help the fungus to ac-
commodate to new biological elements. Candida albi-
cans and C. dubliniensis are the only organisms known
to have successfully formatted a germ tube [18,19].

In a study conducted by Mohammedet al., 2017 [17], it
has been reported that 7 isolates were non-phospholi-
pase producers, 2 of the isolates were strong-phospholi-
pase producers, and 2 of the isolates were moderate-
phospholipase producers. Also, 87.3% (n = 48) out of
55 isolates revealed activity of phospholipase and 7
(12.7%) had no activity of phospholipase in the study
conducted by Ajah et al., 2020 [16]. Released phospho-
rlipases are extracellular hydrolytic enzymes. According
to the study conducted by Larkin et al., 2017 [20], syn-
thesis phospholipase is dependent on the strain of pro-
ducer. De Paula et al., 2016[21], reported that activity

of phospholipase was detected in 99% of C. albicans
isolates [21]. Phospholipases are enzymes that cause the
breakdown of cell membranes by hydrolyzing the ester
linkages in glycerophospholipids, this means phospholi-
pases can either bind to the outside of cells or be dis-
charged into the surrounding environment [22].

The outcomes demonstrated that biofilm development
varied between strains. Biofilm production was shown
to be prevalent among Candida spp. In agreement with
this study, it has been reported that the majority (n = 10)
of Candida species were moderate- and strong-biofilm
producers [14]. Antifungal resistance in Candida is
mainly caused by the development of biofilms. The ca-
pacity to form biofilms on abiotic and biotic surfaces
has been linked to the pathogenic potential of Candida

spp. [23].

CONCLUSION

The findings of this study suggested that the majority of
Candida spp., especially C. albicans, poses a risk to hu-
man health, which may be attributed to their ability to
secrete phospholipase and form biofilm.
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