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Purpose: Candida albicans of different genotypes is a common cause of fungal infection in pediatric setting. This cross sectional
study was designed to investigate ABC genotypes and the relationship between virulence factors and fluconazole tolerance among
C. albicans isolates from infected pediatric patients.
Materials and Methods: C. albicans isolates were identified by germ tube test and ABC typing using PCR. Antifungal susceptibility
testing was done according to Clinical Laboratory Standard Institution recommendations. Testing for proteinase and phospholiase
production were done using bovine serum albumin agar and egg yolk agar, respectively. All isolates were tested for biofilm formation.
Fluconazole tolerance was detected by reading the fluconazole susceptibility testing after 48 hours. Candida albicans isoltes were
considered as fluconazole tolerant if they exhibited a susceptible minimum inhibatory concentration (MIC) after 24 hours of incubation
and a resistant MIC following 48 hours of incubation.
Results: A total of 88 C. albicans isolates were collected. Genotype Awas the most prevalent (46 isolates, 52.3%). Biofilm formation,
proteinase and phospholipase enzymes activity were detected in 76.1% 77.3% and 65.9% of the C. albicans isolates, respectively.
Fluconazole resistance was found in 36.4% of the isolated C. albicans. Fluconazole tolerance was detected in 29 isolates (33%).
Fluconazole tolerance has significant positive correlation with proteinase production and biofilm formation.
Conclusion: Genotype A was the most prevalent genotype. Biofilm and hydrolytic enzymes production are important Candida
albicans virulence determinants in pediatric infections. Fluconazole tolerance has significant positive correlation with biofilm
formation and proteinase production in C. albicans. More studies are recommended to investigate the molecular relationship between
fluconazole tolerance and C. albicans virulence determinants. Also, to identify the effect of fluconazole tolerance on the clinical
outcome of virulent Candida albicans infections.
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Introduction
Candida albicans is the most frequently isolated yeast. Candida albicans plays an important role in invasive health care
associated infections among pediatric patients.1 ABC genotyping is a reproducible method for typing for C. albicans. It is
valuable for primary clinical and epidemiological studies.2

The pathogenicity of Candida albicans is produced by group of microbial factors such as biofilm formation and
secretion of hydrolytic enzymes (including phospholipase, proteinase).3 Biofilm formation helps C. albicans through
production of pseudohyphae and in antifungal resistance.4 The hydrolytic enzymes help in invasion of C. albicans
hyphae into the epithelium and hence the dissemination of Candida infections. Phospholipase enzyme causes hydrolysis
of phospholipids in host cell membranes causing the disintegration of the membranes and facilitating penetration,
invasion of the cells.5 Proteinases secreted by C. albicans facilitate invasion of host tissue via breakdown of elastin.6
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Fluconazole represents one of the principle lines for candidiasis prophylaxis and targeted therapy.7 Candida infection
causes high mortality rate in spite of the presence of antifungal treatment. However, the acquisition of resistance does not
explain all treatment failures. Another factor; antifungal tolerance could be considered.8 Antimicrobial tolerance can be
defined as the capacity of organisms to withstand the presence of antimicrobial agent, surviving and resist killing at
concentration higher than the identified minimal inhibitory concentration (MIC).9 Azole tolerance is widely described in
C. albicans species. In susceptibility assays, tolerance is characterized by a phenomenon known as the trailing growth or
residual growth.10 Limited information is available on the correlation between virulence and fluconazole tolerance in
Candida albicans.

The current study was conducted aiming at genotyping of C. albicans causing different types of hospital acquired
pediatric infections in Mansoura University Children hospital (MUCH). Also, to investigate the possible relationship
between fluconazole tolerance and production of biofilm, proteinase and phospholipase virulence determinants in these
C. albicans isolates.

Materials and Methods
Clinical samples including blood, urine and respiratory samples were collected from pediatric patients admitted to
Mansoura University Children hospital in period extending from March 2017 to January 2019 and presented with
manifestations of hospital acquired infections.11 Samples were processed in department of medical microbiology and
immunology, faculty of medicine, Mansoura University. Identification of Candida was based on Gram stained film, and
lactophenol cotton blue stained film. Germ tube test was done to differentiate germ tube positive species; C. albicans and
C. dubliniensis from other Candida species.12

Genotyping of C. albicans
ABC genotyping was done for all germ tube positive Candida isolates. DNA extraction was performed using the Qiagen
DNA extraction kit (Qiagen Crawley, West Sussex, UK) according to the manufacturer’s instructions. The ABC
genotyping was performed according to 25S rDNA type using the following primers: CA–INT–L (5′-ATA AGG GAA
GTC GGC AAA ATA GAT CCG TAA-3′) and CA–INT–R (5′-CCT TGG CTG TGG TTT CGC TAG ATA GTA GAT-3′.
The samples were amplified in a a thermal cycler (MJ Research PTC-100) using protocol described before.13 PCR
products were separated according to the size using agarose gel (2%) electrophoresis. According to size of the amplified
DNA, Candida isolates was classified into group A (450 bp), group B (840 bp), group C (450 and 840 bp), and group
D (1040-bp) DNA band. Group D Isolates were classified as C. dubliniensis and excluded from the study.14,15

Detection of Proteinase and Phospholipase Enzymes Activity
For detection of proteinase activity, bovine serum albumin (BSA) agar assay was performed as previously described.16,17

The composition of BSA agar was 2 grams of BSA, 1.45 grams of yeast nitrogen base 20 grams of glucose and 20 grams
of agar for one liter of distilled water. Ten microliters of 0.5 McFarland turbidity cell suspensions were inoculated on the
surface of BSA medium, followed by incubation at 37°C for six days.

Phospholipase enzymes activity was assessed by egg yolk agar plate method. Phospholipases test medium was
prepared from Sabouraud dextrose agar (SDA) containing 57.3 grams of sodium chloride, 0.55 grams of calcium
chloride. Then the medium was autoclaved, left to cool, and then 100 mL of 50% sterile egg yolk (egg yolk enrichment)
per liter of distilled water was added and the medium was mixed. The test was done by inoculation of 10 μL of cell
suspension (0.5 McFarland turbidity) onto phospholipase agar. Inoculated plates were incubated for 7 days at 37°C.18

Proteinase and Phospholipase enzymes activity of the strain were assessed by determination of precipitation zone (Pz) in
the form of ratio between colony diameter and the colony diameter plus the halo zone as described before. When Pz = 1, no
enzyme activity was detected in the strain. Thus, low Pz means high production of the enzyme.16–18 All reagents were
supplied from (Sigma, USA).
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Candida albicans Biofilm Assay
For each C. albicans strain, a suspension in RPMI 1640 with a final concentration of 106 /mL was prepared. One hundred
microliter of the suspension was transferred into a sterile 96-well microtiter plate. The plates were incubated at 37°C for
48 hours. Negative control wells containing RPMI 1640 without C. albicans were included for each isolate.
Subsequently, the suspension was removed. To remove non adherent cells, each well was then washed with 200 μL
phosphate buffer saline (PBS; pH 7.2) and left to air dry. Each well was stained by adding 110 μL of 0.4% aqueous
crystal violet solution and left for 45 min. After that, washing was done four times for every well using 350 μL sterile
distilled water. De-staining was done with by pipetting of 200 μL of 95% ethanol in each well and left for 45 min. The
amount of biofilm was measured using microtiter plate reader at 595 nm. The absorbance values for the controls were
subtracted from the values for the test wells to minimize background interference.19

Fluconazole Susceptibility Assay
Fluconazole susceptibility testing was performed using broth microdilution method according to revised Clinical and
Laboratory Standards Institute (CLSI) guidelines for antifungal susceptibility.20 All reagents and drug powder were
supplied from (Sigma, USA). Reading of minimal inhibitory concentration (MIC) was reported after 24 hours.20

Fluconazole Tolerance Assay
A second MIC reading after 48 hours of incubation was used to detect fluconazole tolerant growth; the difference
between MIC at 24 h and 48 h. The examined yeasts were considered as having fluconazole tolerance if they exhibited
a susceptible MIC after 24 hours of incubation and a resistant MIC following 48 hours of incubation. For each isolate, the
degree of residual growth in the form of turbidity was examined in each well starting from the first well containing a two-
fold concentration above the MIC and finishing with the well containing 64 μg/mL of fluconazole.

The fluconazole tolerant isolates were classified as moderate tolerant and heavy tolerant according to the degree of
growth (turbidity) compared to the drug free wells. The moderate tolerant isolates had residual growth ≥50% but less
than 80%, and heavy tolerant had residual growth ≥80% after 48 h incubation.21

The study was approved by the Institutional Review Board at faculty of medicine Mansoura University, approval
number (R.21.10.1491) and was conducted in accordance with the Declaration of Helsinki. Informed consent was
obtained from parents of all children included in the study. The ethics committee approved this consent process, and
did not require written informed consent.

Statistical Analysis
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) version 22 (SPSS Inc., Chicago,
IL, USA). Normality of the variables was tested using the Kolmogorov–Smirnov test. Chi-squared test was used to
compare the proportion of each variable between the groups. Testing of correlation between extracellular enzymes
activity, biofilm production and fluconazole tolerance was done using Pearson’s correlation coefficient. In all these tests,
P-value < 0.05 was considered statistically significant.

Results
Demographic Data of Patients Included in the Study
A total of 88 Candida albicans isolates were recovered during the period of the study from pediatric patients admitted to
Mansoura University Children hospital and developed signs and symptoms of infection.11 Included patients were 40
males (45.5%) and 48 females (54.5%) with age ranged from 6 month to 12 years (mean: 2.5 and SD: 2.3) Table 1.
C. albicans were isolated from urine, blood, and respiratory samples. Most of C. albicans were isolated from urine
samples (45 iolates), followed by, respiratory samples (24 isolates) then blood (19 isolates). About eighty percent of
patients had risk factors for developing infections as (presence of comorbidities, central venous line or urinary catheter
insertion, and prolonged use of antibiotics). Comorbidities including immunodeficiency, end organ failure, neutropenic
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and diabetic patients, were found in 57% of the patients. Critical illness was recorded in 37% of cases as shown in
Table 1.

Genotyping of C. albicans and Virulence Determinants
ABC genotyping revealed that genotype Awas the most common genotype (46 isolates) representing 52.3% followed by
genotype B (28 isolates; 31.8%) and the least prevalent was genotype C (14 isolates; 15.9%). Proteinase activity was
detected in 68 isolates (77.3%) (Pz range; 0.25–0.81). Fifty-eight C. albicans isolates (65.9%) were producers of
phospholipase (Pz range, 0.2 to 0.9). Biofilm formation was detected in 67 (76.1%) C. albicans isolates. The highest
prevalence of biofilm and hydrolytic enzymes producers was from isolates causing urinary tract infections and from
genotype A. No significant difference in virulence factors production regarding the type of clinical samples or
C. albicans genotype Table 2.

Fluconazole Susceptibility
Forty-one isolates (46.6%) were susceptible to fluconazole. Resistance and susceptible dose dependent were detected in
32 (36.4%), 15 (17%), isolates respectively. Fluconazole MIC was ranged from 0.125 to 64 µg/mL (mean±SD: 8.6±15).
The MIC 50 and MIC90 were 4 and 16 µg/mL, respectively.

Fluconazole Tolerance
Fluconazole tolerance was detected in 29 isolates of C. albicans (33%). The tolerance was more prevalent among isolates
from bloodstream infection (10/19; 52.6%) and genotype A isolates (12/46; 26.1%), but this difference was not
statistically significant. Concerning virulence factors, biofilm formation was statistically significant different between
fluconazole tolerant and non tolerant C. albicans isolates (P: 0.001) Table 3. Regarding fluconazole tolerance degree, 17
isolates (58.6%) were strong tolerant and 12 isolates (41.4%) had moderate degree of tolerance. The most prevalent
virulence factor among moderate tolerant isolates was biofilm production (12/12). Biofilm and proteinase production

Table 1 Demographic and Clinical Data of Patients
Enrolled in the Study

Sex
Male 40 (45.5%)

Female 48 (54.5%)

Age (years)
Mean ±Sd 2.5±2.3

(min-max) 6 month-12 years

Clinical data
1)Type of infection
UTI 45 (51.1%)

Blood stream infection 19 (21.6%)

Respiratory tract infections 24 (27.3%)
2)Presence of comorbidity
Present 50 (57%)

Absent 38 (43%)
3)Presence of risk factor
Present 70 (80%)

Absent 18 (20%)
4)Severity of illness
Critical 33 (37%)

Not critical 55 (63%)
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Table 2 Distribution of Candida albicans Producing Virulence Factors among Different Clinical Samples and Genotypes

Virulence
Factor

Clinical Sample Genotype Total

Blood Urine Respiratory
samples

P* value A B C P*
value

NO
(%)

Pz
Min-Max
Mean±Sd

NO
(%)

Pz
Mean±Sd

NO
(%)

Pz
Mean±Sd

NO
(%)

Pz
Mean±Sd

NO
(%)

Pz
Mean
±Sd

NO
(%)

Pz

Mean
±Sd

NO
(%)

Pz

Mean
±Sd

Proteinase 18

(26.5)

0.65±0.18 31

(45.6)

0.73±0.22 19

(27.9)

0.71±0.26 0.1 34

(50)

0.72

±0.23

24

(35.3)

0.65

±0.21

10

(14.7)

0.78

±0.22

0.4 68

(77.3)

0.25–0.81

0.38±0.12

Phospholipase 12

(20.7)

0.78±0.19 29

(50)

0.79±0.18 17

(29.3)

0.77±0.19 0.9 32

(55.2)

0.76

±0.19

20

(34.5)

0.78

±0.17

6

(10.3)

0.85

±0.2

0.2 58

(65.9)

0.2–0.9

0.51±0.21

Biofilm 14

(20.9)

- 32

(47.8)

- 21

(31.3)

- 0.5 35

(52.3)

- 24

(35.8)

- 8

(11.9)

- 0.1 67

(76.1)

-

Note: *Chi square test was used.
Abbreviations: Pz, precipitation zone; SD, standard deviation.
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were widely detected among strong tolerant isolates (16/17 each). The degree of fluconazole tolerance had significant
positive correlation with proteinase activity, and biofilm formation Table 4.

Discussion
Candida infections have dramatically increased worldwide. The most important causative species is C. albicans.1 The
present study aimed at exploration of genotypes of C. albicans isolated from infected pediatric patients in MUCH. Also,
to evaluate the possible relationship between fluconazole tolerance and virulence profiles of these Candida isolates.

The current study revealed that genotype A had the highest prevalence among the isolated C. albicans (52.3%),
followed by genotype B (31.8%) and the least was genotype C (15.9%). Several studies have reported similar results
like Takakura et al22 and Da Matta et al23 However, Sardi et al24 found the most prevalent genotype was B and did
not report any isolates of genotype C. The second prevalent genotype after A was C in study conducted by Rosca
et al.25

Table 3 Prevalence of Fluconazole Tolerant Candida albicans among Different Clinical Samples, Genotypes and Virulence Factors
Producers

Fluconazole Tolerant Fluconazole Non Tolerant P* value

Clinical sample 0.06

Blood (N, %) (19) 10 (52.6) 9 (47.4)

Urine (N, %) (45) 10 (22.2) 35 (77.8)

Respiratory samples (N, %) (24) 9 (37.5) 15 (62.5)

Genotype 0.8

A (N, %) (46) 12 (26.1) 34 (73.9)

B (N, %) (28) 12 (42.9) 16 (57.1)

C ((N, %) (14) 5 (35.7) 9 (64.3)

Virulence factors

Proteinase production (N, %) (68) 23 (33.8) 45 (66.2) 0.7

Phospholipase production (N, %) (58) 17 (29.3) 41 (70.7) 0.5

Biofilm formation (N, %) (67) 28 (41.8) 39 (58.2) 0.001

Note: *Chi square test was used.

Table 4 Correlation Between Candida albicans Virulence Factors and Degree of Fluconazole
Tolerance

Degree of Tolerance Proteinase Phospholipase Biofilm

Moderate
≥50% residual growth <80% 7 7 12

Strong
Residual growth ≥80% 16 10 16

Correlation P= 0.01
r= −0.4

P= 0.79
r= −0.15

P= 0.03
r= −0.15

Notes: The moderate tolerant isolates had residual growth ≥50% but less than 80%, and heavy tolerant had residual growth
≥80% after 48 h incubation compared to the drug free wells. r: Pearson’s correlation coefficient.
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Several virulence factors help C. albicans in tissue destruction and invasion. These virulence factors include
hydrolytic enzymes as phospholipase, proteinase, and biofilm production.4 In our study, 77.3% and 65.9% of isolated
C. albicans had proteinase and phospholipase activity, respectively. No significant difference was detected in production
of these virulence factors regarding type of infection or C. albicans genotype. This result matches with previous result of
Tay et al26 who detected phospholipase activity in 73.3% of isolated C. albicans. Similarly, Mohammadi et al27 found
phospholipase and proteinase activity in 61.42% and 72.85% of isolated C. albicans, respectively. However, different
results were obtained by other studies; for proteinase 40%,28 97% for phospholipase,29 and 100% for both phospholipase
and proteinase activity.30

The current study detected biofilm formation in 67 isolates (76.1%). In line with our result, high percentage of biofilm
producing C. albicans isolates (65.39%) was detected by Moron et al.31 However, lower result was obtained by
Majumdar et al (45%).32 The expression of different virulence determinants and their amount depend on several factors
as the types of infection and patient’s immunity.33

In our study, resistance to fluconazole was 36.4% and 17% were SDD. Fluconazole MIC90 was 16 μg/mL. Lower
fluconazole resistance rates were reported before by Won et al, 201534 (2.6%) and by Pfaller et al (0.5%).35 Also, lower
values of fluconazole MIC 90 (2 μg/mL) was determined before.36 This high rate of resistance and high MIC90 can be
explained by the fact that fluconazole is the most widely used antifungal drug both in therapy and prophylaxis against
fungal infections in all Mansoura University hospitals which may favor the emergence of resistance.

The ability of fungi to survive in fluconazole concentrations higher than its MIC or fluconazole tolerance is a well
known phenomenon in C. albicans.8,10 Limited information is available about the relationship between fluconazole
tolerance and virulence determinant of C. albicans.

In the current study, about thirty percente of C. albicans isolates (33%) were tolerant to fluconazole with a significant
positive correlation of fluconazole tolerance with proteinase enzyme activity (P value: 0.01). Additionally, significant
correlation was detected between fluconazole tolerance and C. albicans biofilm formation (P value: 0.03).

Our result agreed with previous studies that illustrated the important role played by biofilm in C. albicans tolerance to
antifungal agents particularly fluconazole.37 The correlation of proteinase with fluconazole tolerance may be due to the
involvement of pathways like calcineurin pathway in expression of Candida albicans virulence and also in fluconazole
tolerance.38 In C. albicans, reports revealed the involvement of calcineurin in antifungal tolerance, cell morphogenesis
and virulence. Calcineurin is required for the survival of C. albicans in the presence of antifungal agents, particularly
fluconazole.39 Calcium-activated-calcineurin reduces the effect of fluconazole on C. albicans by targeting Rta2p and the
transcriptional factor Crz1.40

Accordingly, targeting calcineurin signaling may be a possible option for improving the effectiveness of fluconazole
therapy in sever virulent C. albicans infections and hence decreasing morbidity and mortality. More studies are
recommended for molecular mechanisms that regulate C. albicans virulence, infection severity and fluconazole
tolerance.

Conclusion
In conclusion, Genotype A was the most common genotype among Candida albicans causing pediatric infections.
Biofilm formation, proteinase and phospholipase enzyme production are widely expressed virulence factors in
C. albicans. The rising rates of fluconazole resistance in C. albicans represents an alert. Fluconazole tolerance is
a problem in C. albicans and has significant positive correlation with biofilm formation and proteinase production.
More studies are recommended to investigate the molecular relation between fluconazole tolerance and C. albicans
virulence, and the effect of fluconazole tolerance on the clinical outcome of infections caused by virulent Candida
albicans.
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