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Abstract 
The present study was intended to check the candida drug resistance (CDR) gene expression in isolates of Candida albicans (C. albicans) of 
oral thrush, a disease condition that affects inner lining of mouth of immunosuppressed people especially children. From Al-Diwaniya 
hospital/Al-Diwaniyah City/Iraq, 30 isolates were obtained as 3 groups of tens. Depending on the age of the children, the isolates were 
categorized into under one year of age (T1), older than one year of age (T2), and nonpathogenic isolates (C). Using quantitative real-time PCR 
(qPCR), T1 showed significant (p˂0.05) expression of the CDR1 and CDR2 genes and higher than T2 and C groups. On the other hand, T2 
did not reveal any differences (p>0.005) when compared to C group for both genes. The results indicate that the isolates belong to the children 
of less than 1 year of old activated resistance against some known and used anti-thrush drugs. This study alarms medical officials and 
encourages future studies of how to overcome this risky problem. 
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INTRODUCTION 
Oral thrush caused by C. albicans is considered as an important 
disease condition that affects human beings of different ages but 
mostly infants, toddlers, elderly, and immunocompromised people 
[1, 2, 3]. C. albicans is localized normally on the body mucosa in 
low numbers, however these numbers get increased when the 
yeast causes infection [4] . It takes additional factors for the C. 
albicans to initiate infection. Some of these factors are ranged 
from smoking, immunosuppression, pregnancy, age, and diabetes 
mellitus [5,6,7]. The seriousness of the disease is limited, but it 
influences the lifestyle of sick people due to some reasons such as 
the bad odor of an affected mouth [8]. Early-age infections occur 
due to incomplete immune system which leaves babies and 
toddlers prone to C. albicans [9,10]. The treatment of this disease 
is considered as a challenge and this is mainly because the drug 
resistance that is developed by C. albicans [11]. Moreover, 
biofilm produced by C. albicans could protect the yeast from anti-
fungal drugs and also increase the time needed to eliminate the 
infection [12]. The candida drug resistance (CDR) genes are well-
known genetic components for developing resistance against 
some anti-yeast drugs [13]. Some of the famous used anti-fungal 
drugs are fluconazole, ketaconazole, voriconazole, and Nystatin 
[14]. Increasing anti-fungal drug resistance cases led the current 
study to investigate CDR1 and CDR2 gene expression in isolates 
of C. albicans provided by a local hospital in Al-Diwaniyah City, 
Iraq. The detection of this expression was performed using qPCR 
technique, and the results revealed interesting information about 
the presence of antifungal drug resistance in these isolates of C. 
albicans. The results point out some of the major problems of 
treatment failure in fungal diseases in different ages and more 
specifically in children. 

MATERIALS AND METHODS 
Sampling 
In Al-Diwaniyah City/Iraq, Al-Diwaniya hospital had provided 
the isolates of C. albicans that were used in this study. The 
samples were obtained as 3 groups of tens. Depending on the age 
of the children, the isolates were categorized into under one year 
of age (T1), older than one year of age (T2), and nonpathogenic 
isolates (C). 

Total RNA extraction 
Using Accuzol® reagent kit (Bioneer, South Korea) and 
depending on the manufacturer protocol, total RNA was extracted 

from C. albicans isolates. Briefly, the isolates were pre-incubated 
on broth for 4 hrs, and then sterile 1.5ml eppendrof tubes were 
used to place 200µl of the broth growth in each tube. Then the 
extraction processes were initiated. DNase I enzyme kit (Promega 
Company, USA) was used to eliminate any remaining DNA in the 
extracted solutions. Finally, the extracted RNA was stored at -
20 ̊C for later analyses. NanoDrop (THERMO, USA) was 
employed to measure the quality and quantity of the extracted 
RNA. 

CDNA synthesis 
AccuPower® RocktScript RT PreMix kit (Bioneer Company, 
South Korea) was utilized to synthetize cDNA from the RNA 
extracts and the manufacturer protocol was followed. Then the 
pre-RT mix was generated using 10µl RNA (100ng/ul), 1µl 
random hexamer primer (10pmol), and 9µl DEPC water. The mix 
was added the kit tubes that contain reverse transcriptase followed 
by vortexing and spinning down. The thermocycler conditions 
used to synthetize cDNA are 1 hour at 50 °C of cDNA synthesis 
(RT step) and 5 min at 95 °C of heat inactivation. 

Quantitative real-time PCR (qPCR) 
The CDR1 and CDR2 gene expression of the C. albicans isolates 
was evaluated using qPCR technique and following 2-∆∆CT-
Livak method [15]. A real-time PCR system (BioRad, USA) was 
employed to perform the qPCR process. To detect the 
amplification of the target genes plus actin which worked as a 
housekeeping gene for normalization purposes, SYBER Green 
dye qPCR mastermix was utilized.  The Primer 3 Plus was used to 
design the primers for the qPCR process. These primers are F: 
AGGTGCTGCCATGTTCTTTG and R:
TCGACAATTGGTCTGGCTTC to amplify a 90bp-sized piece of 
the CDR1 gene, F: ATGTGATTCCCGGGTTTTGG and R: 
GGTGCACAAGTGACTTTTGC to amplify a 109bp-sized piece 
of the CDR2 gene, and F: ATGGACGGTGAAGAAGTTGC and 
R: TGGTCTACCAACAAGAGATGGG to amplify a 117bp-sized 
piece of the actin gene. These primers were deposited in the 
GeneBank Database under the numbers XM_718116.2, 
XM_718076.2, and XM_019475182.1 respectively. 
AccuPowerTM 2XGreen Star qPCR master mix kit (Bioneer, 
South Korea) was used to prepare the mastermix for the qPCR 
assay, and the company protocol was followed. The mastermix 
was then placed in Miniopticon Real-Time PCR system (BioRad, 
USA). Here, the conditions of the thermocycler used are 1 cycle 
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of initial denaturation for 1 hr at 50 °C, 40 cycles of denaturation 
and annealing/extension (detection scan) for 20 sec at 95 °C and 
30 sec at 60 °C respectively, and finally 1 cycle of melting for 0.5 
sec at 60-95°C.   
 
Statistical analysis 
One-way ANOVA was used to analyze and interpret the results of 
the current study. Data showed elsewhere are represented by 
Mean ± Standard Error (Mean±SE) unless otherwise mentioned. 
When the resulted probability was p˂0.05, rejection of the null 
hypothesis was decided. Graphs were drawn using Microsoft 
Office Excel Worksheet 2007.  
 

 

RESULTS 
The present study results have shown the expression of CDR1 and 
CDR2 in the isolates of the C. albicans that was provided by the 
healthcare provider in the city of Al-Diwaniyah. Interestingly, T1 
showed significant (p=0.000) expression of the CDR1 gene and 
higher than T2 and C groups. Moreover, T1 declared significant 
(p=0.002) and (p=0.000) expression of the CDR2 gene when 
compared to T2 and C groups respectively. On the other hand, T2 
did not reveal any differences (p>0.005) when compared to C 
group for both genes. For the illustration of the purposes, figure 1 
and figure 2 show the appreciated results of the fold changes 
regarding the gene expression of the CDR1 and CDR2 genes 
respectively. 
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DISCUSSION 
The issue of antifungal drug resistance is an escalating problem in 
many diseases and more specifically in fungal and yeasted 
infections [16]. Especially in immunecompromised people and 
children, yeast infections in presence of anti-fungal drug 
resistance may worsen the infection situation and lead to endanger 
the life of patients [17]. The current study was aimed to explore 
some of the antifungal drug resistance reasons that are 
represented, here, by expression of genes responsible for this 
problem. CDR1 and CDR2 play important roles in developing this 
dilemma in C. albicans [18]. The results appeared in the present 
study assure that the emerging resistance by C. albicans against 
antifungal drugs in the city children was as a result to the 
activation of the CDR1 and CDR2 genes. Amazingly, children of 
under or more than 1 year of old showed significant expression of 
these genes in their C. albicans isolates. In recent published 
articles, [19] have inferred that these genes might place valuable 
impact on the development of the antifungal drug resistance 
especially against fluconazole. The authors, [20], have realized 
that antifungal drug resistant cases of C. glabrata were mainly 
produced by CDR1 and CDR2 genes, and this agrees with the 
current study results of the expression of these genes in the C. 
albicans of children. The CDR1 gene was found to be the main 
reason of developing drug resistance in C. albicans and thus 
complies with the present study findings [21]. Frighteningly, the 
isolates of the C. albicans from the children of less than one year 
of old gave expression of the CDR1 and CDR2 genes higher than 
those from children of older than one year of age and that is when 
compared to the gene expression of the nonpathogenic isolates of 
the investigated yeast. These variations could be reasoned to some 
factors but mainly to low immunity that infants characterized by, 
biofilm formation, and virulence of the yeast strains [22]. In 
conclusion, the current study results are important and provide 
deep knowledge about the problem of Candida albicans infections 
in mouths of children. This also alarms medical officials and 
researchers to take actions to fight this condition.    

REFERENCES 
1. Akpan, A., & Morgan, R. 2002. Oral candidiasis. Postgraduate Medical

Journal, 78(922): 455–9. https://doi.org/10.1136/PMJ.78.922.455 
2. Singh, A., Verma, R., Murari, A., & Agrawal, A. 2014. Oral candidiasis: An 

overview. Journal of Oral and Maxillofacial Pathology : JOMFP, 18(Suppl 
1): S81-5. https://doi.org/10.4103/0973-029X.141325 

3. Timme, R. E., Pettengill, J. B., Allard, M. W., Strain, E., Barrangou, R., 
Wehnes, C., … Brown, E. W. 2013. Phylogenetic diversity of the enteric
pathogen Salmonella enterica subsp. enterica inferred from genome-wide 
reference-free SNP characters. Genome Biology and Evolution, 5(11): 2109–
23. https://doi.org/10.1093/gbe/evt159 

4. Patil, S., Rao, R. S., Majumdar, B., & Anil, S. 2015. Clinical Appearance of
Oral Candida Infection and Therapeutic Strategies. Frontiers in Microbiology, 
6: 1391. https://doi.org/10.3389/fmicb.2015.01391 

5. Dou, N., Li, W., Zhao, E., Wang, C., Xiao, Z., & Zhou, H. 2014. Risk factors
for candida infection of the genital tract in the tropics. African Health

Sciences, 14(4): 835–9. https://doi.org/10.4314/ahs.v14i4.10 
6. Martins, N., Ferreira, I. C. F. R., Barros, L., Silva, S., & Henriques, M. 2014. 

Candidiasis: Predisposing Factors, Prevention, Diagnosis and Alternative
Treatment. Mycopathologia, 177(5–6): 223–240. 
https://doi.org/10.1007/s11046-014-9749-1 

7. Yapar, N. 2014. Epidemiology and risk factors for invasive candidiasis.
Therapeutics and Clinical Risk Management, 10: 95–105. 
https://doi.org/10.2147/TCRM.S40160 

8. Koga, C., Yoneda, M., Nakayama, K., Yokoue, S., Haraga, M., Oie, T., …
Hirofuji, T. 2014. The detection of Candida species in patients with halitosis. 
International Journal of Dentistry, 2014, 857647.
https://doi.org/10.1155/2014/857647 

9. Richardson, J. P., & Moyes, D. L. 2015. Adaptive immune responses to
Candida albicans infection. Virulence, 6(4): 327–37. 
https://doi.org/10.1080/21505594.2015.1004977 

10. Simon, A. K., Hollander, G. A., & McMichael, A. 2015. Evolution of the
immune system in humans from infancy to old age. Proceedings. Biological 
Sciences, 282(1821):  20143085. https://doi.org/10.1098/rspb.2014.3085 

11. Garcia-Cuesta, C., Sarrion-Pérez, M.-G., & Bagán, J. V. 2014. Current
treatment of oral candidiasis: A literature review. Journal of Clinical and
Experimental Dentistry, 6(5): e576-82. https://doi.org/10.4317/jced.51798 

12. Williams, D., & Lewis, M. 2011. Pathogenesis and treatment of oral
candidosis. Journal of Oral Microbiology, 3. 
https://doi.org/10.3402/jom.v3i0.5771 

13. Spampinato, C., & Leonardi, D. 2013. Candida infections, causes, targets, and 
resistance mechanisms: traditional and alternative antifungal agents. BioMed 
Research International, 2013, 204237. https://doi.org/10.1155/2013/204237 

14. Srinivasan, A., Lopez-Ribot, J. L., & Ramasubramanian, A. K. 2014. 
Overcoming antifungal resistance. Drug Discovery Today. Technologies, 11: 
65–71. https://doi.org/10.1016/j.ddtec.2014.02.005 

15. Livak, K. J., & Schmittgen, T. D. 2001. Analysis of relative gene expression 
data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. 
Methods (San Diego, Calif.), 25(4): 402–8. 
https://doi.org/10.1006/meth.2001.1262 

16. Pfaller, M. A. 2012. Antifungal Drug Resistance: Mechanisms, Epidemiology, 
and Consequences for Treatment. The American Journal of Medicine, 125(1): 
S3–S13. https://doi.org/10.1016/j.amjmed.2011.11.001 

17. Perlin, D. S., Shor, E., & Zhao, Y. 2015. Update on Antifungal Drug
Resistance. Current Clinical Microbiology Reports, 2(2): 84–95. 
https://doi.org/10.1007/s40588-015-0015-1 

18. Jia, X.-M., Ma, Z.-P., Jia, Y., Gao, P.-H., Zhang, J.-D., Wang, Y., … Jiang, 
Y.-Y. 2008. RTA2, a novel gene involved in azole resistance in Candida
albicans. Biochemical and Biophysical Research Communications, 373(4): 
631–6. https://doi.org/10.1016/j.bbrc.2008.06.093 

19. Pourakbari, B., Teymuri, M., Mahmoudi, S., Valian, S. K., Movahedi, Z., 
Eshaghi, H., & Mamishi, S. 2017. Expression of Major Efflux Pumps in
Fluconazole-Resistant Candida albicans. Infectious Disorders - Drug Targets, 
17(3): 178–184. https://doi.org/10.2174/1871526517666170531114335 

20. Shahrokhi, S., Noorbakhsh, F., & Rezaie, S. 2017. Quantification of CDR1
Gene Expression in Fluconazole Resistant Candida Glabrata Strains Using 
Real-time PCR. Iranian Journal of Public Health, 46(8): 1118–1122. 
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/28894714 

21. Mane, A., Vidhate, P., Kusro, C., Waman, V., Saxena, V., Kulkarni-Kale, U., 
& Risbud, A. 2016. Molecular mechanisms associated with Fluconazole
resistance in clinical Candida albicans isolates from India. Mycoses, 59(2): 
93–100. https://doi.org/10.1111/myc.12439 

22. Monroy-Pérez, E., Paniagua-Contreras, G. L., Rodríguez-Purata, P., Vaca-
Paniagua, F., Vázquez-Villaseñor, M., Díaz-Velásquez, C., … Vaca, S. 2016. 
High Virulence and Antifungal Resistance in Clinical Strains of Candida 
albicans. Canadian Journal of Infectious Diseases and Medical Microbiology, 
2016: 1–7. https://doi.org/10.1155/2016/5930489 

Akmam Ali Habeeb et al /J. Pharm. Sci. & Res. Vol. 10(3), 2018, 594-596

596




