
Abstract

Objective: This research aims to evaluate the role of virulence factors of Candida species in vul-
vovaginal candidiasis (VVC).

Methods: In this research, Candida isolates obtained from physiological menopausal (n=30) and 
hysterectomized (n=30) women who were prediagnosed with VVC were collected for two years 
and identified according to conventional methods and API ID 32C assimilation profiles. The study 
examined the secreted acid proteinase (SAP) and phospholipase activities, slime production and 
phenotypic switching properties of these strains. In addition, the associations between these fac-
tors and possible resistance against fluconazole were investigated.

Results: The most commonly observed phenotypic switching pattern of strains was the “dwarf 
smooth” (DO) phenotype. Six strains (20%) in the physiological menopausal group and 13 in the 
hysterectomized group (43.3%) formed DO colonies. SAP activities, slime production of Candida 
isolates and phenotypic switching did not show statistically significant differences (p>0.05). The 
relationship between the number and production levels of phospholipase-producing strains and 
the phenotypic switching frequency was significant in the hysterectomized group compared to 
the physiological menopause group (p<0.05). All five strains with DO-forming ratios of ≤90% 
expressed at least one of the other virulence factors, whereas half of the 14 strains forming DO 
colonies at high ratios (91-100%) produced none of the other virulence factors. With an increase 
in the DO phenotypic switching ratio, the fluconazole MIC values (≥4 µg/mL) were also increased 
(p<0.001).

Conclusion: The phenotypic switching ability of Candida sp. may be an important factor in the 
pathogenesis of VVC and may lead to unresponsiveness to treatment.
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INTRODUCTION

Vulvovaginal candidiasis (VVC) is one of the most common clinical manifestations among female genital infections. 
Among women, 2/3 experience VVC at least once, and approximately 50% experience it more than once in their 
lifetime. Due to the reduction in estrogen levels in the postmenopausal period, even though the frequency of 
VVC is reduced compared to the fertility period, it is still identified in 1/3 of this group of patients. Previous studies 
have also reported that VVC is more common in menopausal women undergoing hormone therapy (1-3). The 
high recurrence rates of VVC in hysterectomized patients are explained as causative isolates being more resistant 
to treatment compared to the strains obtained from the physiological menopausal group. Although there are 
published data demonstrating the association between hysterectomy and the development of VVC, there is no 
study evaluating the role of virulence factors of causative yeasts in pathogenesis (4). Phospholipases, secreted 
acid proteinases and some other hydrolytic enzymes play a major role in the pathogenesis of Candida species. 
Degradation of extracellular hemoglobin, collagen, albumin, casein, some immunoglobulins and phospholipids 
of the host cell by these enzymes causes resistance to phagocytic killing mechanisms and may lead to more 
invasive infections (5). Candida strains exhibit spontaneous phenotypic switching at a frequency of 10-4. This 
frequency may increase to 10-3-10-1 depending on the conditions and the virulence of the strain. This change can 
be monitored in colonies, and it is known that a strain with a smooth-circular phenotype may switch to irregular-
mycelial or white-opaque phenotypes (5).

The purpose of this study is to examine acid proteinase, phospholipase, slime production and 
phenotypic switching features of Candida strains isolated from VVC in physiological menopausal and 
hysterectomized women. Furthermore, it aims to determine interactions of these factors with each 
other and to investigate the association of fluconazole sensitivity of isolates with virulence factors in 
such groups.

MATERIALS AND METHODS

Candida isolates were obtained from physiologically menopausal women (n=30) and hysterectomized women 
(n=30) admitted to İstanbul Lütfi Kırdar Kartal Training and Research Hospital, Gynecology and Obstetrics 
Department over a two-year period. These women presented with at least two complaints of itching, burning 
sensation, redness, and cottage cheese-like discharge in the vulvovaginal region and were prediagnosed with 
VVC. Fifty-one of 60 isolates were identified as C. albicans, four as C. glabrata, three as C. tropicalis and two as 
C. parapsilosis according to germ tube production, appearance on Tween 80 cornmeal medium and API ID 32C 
assimilation profiles.

Secreted acid proteinase (SAP) production: SAP production of the isolates was examined on solid medium 
containing bovine serum albumin at pH 5.0. The Candida albicans CBS 2730 strain was used as a positive control 
(5).

Phospholipase production: Solid medium containing egg yolk (pH 4.2) was used to determine the phospholipase 
activities of the strains. The C. albicans SC 5314 strain served as a positive control (5).

Slime production: To detect the slime production of the strains, Christensen’s “modified tube adherence method” 
was utilized. The S. epidermidis ATCC 35984 strain served as a positive control (6).

Phenotypic switching: Modified Lee’s medium was utilized to examine the phenotypic switching of isolates (7, 8).

Susceptibility testing for fluconazole: For this purpose,  the macro broth dilution method was used referring 
to the CLSI M27-A3/S3 document. C. parapsilosis ATCC 22019 and C. krusei ATCC 6258 were used as standard 
strains (9).

Statistical analysis
Statistical analysis was conducted using SPSS 25.0 for Windows with a p value of 0.05. Frequency analysis was 
used to describe strains. Chi-square, trend chi-square and Fisher tests were utilized to compare binary data with 
a 95% confidence level. 
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RESULTS

Table 1 shows the distribution of Candida isolates according to patient groups.

Table 1. Distribution of C. albicans and nonalbicans isolates according to physiological menopausal and 
hysterectomized groups

Patient group
Species Total

n (%)C. albicans

n (%)

Nonalbicans

n (%)

Physiological menopausal 28 (93.3%) 2 (6.7%) 30 (100%)

Hysterectomized 23 (76.7%) 7 (23.3%) 30 (100%)

Total 51 (85%) 9 (15%) 60 (100%)

Nonalbicans Candida strains were higher in the hysterectomized group, but this difference was not significant 
(p>0.05). The SAP production ratio was 86.6% in the physiological menopausal group, whereas it was 76.6% in 
the hysterectomized group and this result was not significant (p>0.05). The phospholipase production rate of 
isolates was 30% in the physiological menopausal group and 50% in the hysterectomized group, resulting in a 
significant difference  (p<0.05). Slime production was 13.3% in the physiological menopausal group and 20% in the 
hysterectomized group (p>0.05). Isolates with phenotypic switching were 36.7% in the physiological menopausal 
group and 50% in the hysterectomized group (p>0.05). In the physiological menopausal group, 35.7% of the 28 
C. albicans strains expressed phenotypic switching, whereas phenotypic switching was detected only in one of 
two nonalbicans strains, but this difference was not significant (p>0.05). In the hysterectomized group, phenotypic 
switching was observed in 34.8% of 23 C. albicans strains, while it was detected in all seven nonalbicans strains 
and this difference was significant (p<0.05). Table 2 shows the relationships between phenotypic switching ability 
and other virulence factors of isolates.

Table 2. The relationship between the presence of phenotypic switching and SAP, phospholipase, and 
slime production in isolates 

Phenotypic 
switching SAPa Phospholipaseb Slimec Noned

Positive 
(n=26) 15 (57.7%) 6 (23%) 6 (23%) 7 (19%)

Negative 
(n=34) 34 (100%) 18 (53%) 4 (12%) 0 (0%)

Abbreviations: a: SAP activity was detected in only half of the isolates that expressed phenotypic switching 
and in all that did not express, b: Phospholipase activity was detected in 23% of the strains that expressed 
phenotypic switching and in 23% that did not express, c: Slime production was detected in 23% of the strains 
that expressed phenotypic switching and in 12% that did not express, d: None of the other virulence factors 
were detected in seven out of 26 strains expressing phenotypic switching whereas all 34 strains not expressing 
phenotypic switching produced at least one of the other virulence factors.

There was a significant positive relationship between SAP production and phenotypic switching (p<0.05). In 
contrast, there was a significant negative relationship between phospholipase production and phenotypic switching 
(p<0.05). In C. albicans and nonalbicans isolates forming smooth colonies under normal conditions, 6 different 
phenotypic switching patterns [dwarf-smooth (DO), mycelial (M), fuzzy (F), wrinkled (W), ring-wrinkled (RW) and 
wrinkled-mycelial (WM)] were detected (Figure 1). Of the 60 isolates, 26 (43%) underwent phenotypic switching. 
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Ten of these 26 strains formed colonies only in the DO phenotype. The remaining 16 strains exhibited DO and/or 
other phenotypes. Based on these results, DO is the most common switching phenotype. The patient groups were 
evaluated in terms of dominant phenotype DO colony forming rates. Only six strains (20%) formed DO colonies 
in the physiological menopausal group, whereas 13 strains (43.3%) formed DO colonies in the hysterectomized 
group. This difference was not significant (p>0.05). The isolates that exhibited phenotypic switching were divided 
into two groups based on DO colony forming rates. These groups were examined according to the presence of 
other virulence factors. All five isolates forming DO colonies at a rate of ≤90% exhibited at least one of the other 
virulence factors. In half of the DO colony-forming isolates that accounted for 91-100% (7/14), at least one of the 
other virulence factors was observed, while in the other half (7/14), none was detected. Due to the limited sample 
size, there was no significant difference between these two groups (p>0.05).

         (A)                 (B)

Figure 1. Phenotypic switching patterns of the isolates on modified Lee’s medium. A) RW and W colonies, B) 
O, DO and WM colonies (strain 60: C. tropicalis and strain 18: C. albicans, in the research of Türkölmez, N., 
Çerikçioğlu, N., 2010).

Table 3 shows the comparison of DO colony forming rates and MIC values of fluconazole.

Table 3. Comparison of DO colony forming ratios of the strains of physiological menopausal and 
hysterectomized groups and MIC values of fluconazole

DO colony forming rates
MIC Values

Total≥2 µg/
ml 8 µg/ml 16 µg/

ml

100% 2 
(20%)

2 
(20%)

6 
(60%)

10 
(100%)

99-91% 2 
(50%) 2 (50%) - 4 

(100%)

≤90% 43 
(93.7%) 3 (6.5%) - 46 

(100%)

Total 47 
(78.3%)

7 
(11.7%)

6 
(10%)

60 
(100%)

Abbreviations: DO: “dwarf smooth”, MIC: Minimum inhibitory concentration
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DISCUSSION
Studies on VVC and recurrent vulvovaginal candidiasis (RVVC) in women of childbearing age have addressed 
the phenotypic switching properties of the causative fungi (10, 11). Although estrogen levels are reduced in 
postmenopausal women and secretory IgA continues to protect against infections in physiological menopausal 
women, VVC is observed in 1/3 of this group of women (2, 12). Research has reported that C. albicans ranks first 
in causative organisms in patient groups developing candidal vaginitis and is followed by other species (13-15). 
In our study, C. albicans was the most dominant pathogen in terms of the distribution of causative organisms. 
Although nonalbicans species were not common, they were all isolated from the hysterectomized group. Murta 
et al. conducted a retrospective study on hysterectomized women aged over 60 years who received hormone 
therapy. Their study showed that vaginal pH was more acidic and yeasts were detected at higher levels in smear 
tests compared to the physiological menopausal group. Authors have argued that this finding might explain the 
increasing incidence of VVC in hysterectomized women (16). There has been suggestion that Candida strains 
isolated from hysterectomized women are more resistant to treatment than those isolated from physiological 
menopausal women. Thus, it might be another reason that explains the high frequency of recurrent VVC in 
this group (4). There are studies examining the role of hydrolytic enzymes of causative fungi in women with 
VVC of childbearing age. Shinobu et al. reported that all C. albicans isolates (n=19) obtained from VVC cases 
were positive in terms of SAP enzymes (17). Consolaro et al. isolated C. albicans strains from patients with three 
different clinical conditions: asymptomatic carriers, vulvovaginal candidiasis (VVC) and recurrent vulvovaginal 
candidiasis (RVVC). Treatment with pepstatin A, which is an aspartate proteinase inhibitor, resulted in a reduction 
in the adherence of C. albicans to vaginal mucosal epithelial cells (53.1%, 48.7% and 59.9%, respectively). These 
results showed that SAP production might be an important virulence factor in the development of vaginitis (18). 
Lian and Liu investigated SAP 1-10 genes encoding secreted acid proteinases of C. albicans and their transcripts 
in the clinical materials of asymptomatic carriers, VVC and RVVC patients. SAP 2, SAP 4-6 and SAP 7 were 
determined to be the most predominant genes expressed in all three groups. The presence of SAP 2 and SAP 
4-6 mRNAs was identified in all samples and SAP 7 mRNA was identified in some of them. SAP 1 and SAP 3 gene 
transcripts were found only in VVC and RVVC patients. In this study, researchers set forth that products encoded 
by different SAP genes were effective in cases of active disease and carrier state and anatomical localization of 
the isolates (19). In our study, 49 of 60 strains were SAP positive; however, there was no significant difference 
between the physiological menopausal and hysterectomized groups (p>0.05). Our findings are consistent with 
the data of these three studies and support the role of SAP in the pathogenesis of VVC. Regarding phospholipase, 
Shinobu et al. detected this enzyme activity in all 19 C. albicans strains causing VVC (17), an extensive study 
conducted in 2014 investigated various virulence factors of 46 strains isolated as the cause of VVC from women 
of childbearing age. Phospholipase activity is higher in VVC isolates than in blood isolates (20). In our study, the 
phospholipase enzyme was detected in a higher percentage of isolates in the hysterectomized group than in 
the physiological menopausal group and the difference was significant (p<0.05). The findings of both studies 
suggest that phospholipase might be a possible virulence factor that might explain the high incidence of RVVC in 
hysterectomized women. Chassot et al. observed that isolates from VVC patients tightly adhered to intrauterine 
devices (IUDs) in vitro and produced biofilms. Based on this observation, researchers suggested that the use of 
IUDs might be a factor in the development of VVC by supporting slime production (21). Kumar et al. reported 
that biofilm production, which they detected in 47.83% of 23 C. albicans isolates and in 81.25% of both 32 C. 
parapsilosis and 16 C. glabrata isolates obtained from women with VVC, might be important in the pathogenesis 
of VVC caused by nonalbicans strains (22). Slime production was detected in only 16.7% of our isolates and no 
significant difference was found between the two patient groups (p>0.05). There are no publications that can 
be compared with the postmenopausal period. Previous studies suggest that host factors and the phenotypic 
switching properties of causative yeast strains are important factors in RVVC cases. However, the studies were 
conducted in women of childbearing age and we could not find research concerning the importance of this factor 
in physiological menopausal and hysterectomized patient groups. Initial studies setting forth that phenotypic 
switching may be related to VVC were conducted in 1987 and 1989 by Soll et al. (10, 11). The researchers detected 
a high frequency (10-2-10-3) of phenotypic switching, mainly intensive mycelial and white-opaque phenotypes in 
nine of 11 C. albicans strains isolated from patients with recurrent vaginitis. They confirmed that primary isolates 
of the patients and derivatives that exhibited multiple switching profiles are the same strains with southern 
hybridization. They further suggested that phenotypic switching could be generated in the infection site as well 
(10, 11).
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The present study found a higher phenotypic switching rate in the hysterectomized group isolates. Although 
this difference was not significant (p>0.05), the significance of phenotypic switching cannot be excluded in the 
hysterectomized group. Another notable finding is that while all nonalbicans strains in the hysterectomized 
group underwent phenotypic switching, this ratio remained at 34.8% for C. albicans strains. The difference 
was significant (p<0.05). Based on this finding, we can conclude that nonalbicans isolates are more prone to 
phenotypic switching in the hysterectomized group.

All 34 strains not exhibiting phenotypic switching produced at least one of the other virulence factors, whereas 
seven out of 26 strains that underwent phenotypic switching showed none of the virulence factors. SAP and 
phospholipase production in strains expressing phenotypic switching was significantly low (p<0.05). In the case 
of phenotypic switching, the production of both hydrolytic enzymes is reduced by at least half. This suggests a 
high possibility that yeast cells are efficient in metabolism for the production of virulence factors (Table 2). Among 
the seven different phenotypic switching types specified in the study, the most common type was DO, and it was 
at the limit of statistical significance in the hysterectomized group (p=0.05). Based on the results, this phenotypic 
switching makes the fungi comply with the changing physiological conditions of the host (23, 24). Regarding 
switching to the DO phenotype alone, all five strains with a DO-forming ratio of <90% expressed at least one 
of the other virulence factors, whereas only half of 14 strains that formed DO colonies in a high ratio (91-100%) 
produced any other virulence factors. This finding suggests that DO can be an important virulence factor on 
its own, despite lacking statistical significance, and the ones that do not have this ability may produce other 
virulence factors to comply with the microenvironment. Because the DO phenotype was the most common type 
of switching, the susceptibility profile of the strains against fluconazole within the frame of this phenotype was 
examined. As the switching to DO-type colony increased, MIC values of strains against fluconazole elevated as 
well. These results were significant with the trend chi-square test, which was used due to the low sampling size 
(p<0.001). These data suggest that the DO phenotype may be associated with microbiological and/or clinical 
unresponsiveness and recurrences that may develop (Table 3). Two studies conducted in 2000 and 2004 reported 
that susceptibility to fluconazole was reduced and resistance emerged in C. glabrata and C. albicans strains that 
were isolated from different areas of the body and exhibited dwarf colony mutation. Researchers reported that 
dwarf mutants developed respiration defects and had increased expression of CDR1 and CDR2 efflux pumps 
(25, 26). In this study, most C. albicans and nonalbicans strains that expressed the DO phenotypic switching 
phenomenon exhibited high MIC values against fluconazole, which can be explained by the same mechanism 
correlated with these studies. In a recent literature review, Nsenga and Bongomin have reported that recurrence 
in VVC is an increasing global health problem. Alternative therapies include topical amphotericin B and boric acid, 
although their use is constrained by their potentially harmful side effects. The oral echinocandin ibrexafungerp is 
effective at treating Candida vulvovaginitis and is well tolerated (27). In another study, Nasrollahi et al. reported 
that 49 (94%) of 52 isolates showed resistance to fluconazole. The Pir1 gene was found to be overexpressed in 47 
(96%) fluconazole-resistant C. albicans isolates (28). Dunaiski et al. reported that the high prevalence of Candida 
infections, particularly those caused by fluconazole-resistant nonalbicans Candida species, was quite concerning 
and could have negative effects on treatment (29). Yassin et al. stated that before choosing a treatment plan, an 
antifungal susceptibility test should be conducted due to the rise of resistant Candida strains (30).

Although the previous VVC and fluconazole treatment histories of the patients in the present study were not 
known, these findings regarding the isolates were considered to be associated with “possible” RVVC.

Limitations:

We could not increase the number of cases due to the very specific conditions, such as the limited number of 
hysterectomized and physiological menopaused cases with recurrent vulvovaginal candidiasis in a limited study 
time.

CONCLUSION

Based on this study data, particularly in the hysterectomized group, the followings are important factors in the 
etiology of RVVC: a higher number of Candida species other than albicans, the production of virulence factors 
such as phospholipase activity and phenotypic switching at high levels, mainly in DO-type colonies. However, 
DO-type switching colonies that were weakly positive for other virulence factors exhibited higher in vitro MIC 

https://injectormedicaljournal.com/
https://injectormedicaljournal.com/


THE INJECTOR

95Candidal vaginitis and fluconazole resistance  

2023;2(2):89-96

values against fluconazole. Therefore, it should be reminded that in the agents of RVVC, virulence is one of the 
mechanisms of recurrence rather than antifungal resistance, especially in hysterectomized women.

Acknowledgment: A part of this study received support from Marmara University Scientific Research Projects Unit 
(BAPKO) as postgraduate thesis project no. SAĞ-C-YLP-211009-0306. The study incorporated the results of two 
consecutive M.Sc. thesis studies.
Conflicts of interest: All authors declare that they have no conflicts of interest.
Ethics committee approval: Marmara University Faculty of Medicine Ethics Committee, number 510, dated 25.06.2009.
Financial disclosure: There is no funding for this study.
Peer-review: Externally peer-reviewed.
Authorship contributions: All authors declare that they have contributed to the design of the study, supervision, 
data collection and or processing, data analysis, literature search, writing and critical review.

References
1. Richter S, Galask R, Messer SA, Hollis RJ, Diekema D, 

Pfaller MA. Antifungal susceptibilities of Candida species 
causing vulvovaginitis and epidemiology of recurrent 
cases. J Clin Microbiol. 2005;43:2155-62.

2. Spinillo A, Bernuzzi AM, Cevini C, Gulminetti R, Luzi S, 
De Santolo A. The relationship of bacterial vaginosis, 
Candida and Trichomonas infection to symptomatic 
vaginitis in postmenopausal women attending a vaginitis 
clinic. Maturitas. 1997;27:253-60.

3. Fischer G, Bradford J. Vulvovaginal candidiasis in 
postmenopausal women: the role of hormone therapy. J 
Low Genit Tract Dis. 2011;15(4):263-7.

4. Ventolini G, Baggish MS. Postmenopausal recurrent 
vaginal candidiasis: effect of hysterectomy on response 
to treatment, type of colonization and recurrence rates 
posttreatment. Mauritas. 2005;51:294-8.

5. Wójkowska-Mach J, Pomorska-Wesołowska M, Romanik 
M, Romaniszyn D. Prevalence and Antimicrobial 
Susceptibility Profiles of Microorganisms Associated 
with Lower Reproductive Tract Infections in Women 
from Southern Poland-Retrospective Laboratory-Based 
Study. Int. J. Environ. Res. Public Health. 2021;18:335.

6. Christensen GD, Simpson WA, Bisno AL, Beachey EH. 
Adherence of slime-producing strains of Staphylococcus 
epidermidis to smooth surfaces. Infect Immun. 
1982;37:318-21.

7. Lee KL, Buckley HR, Campbell CC. An amino acid liquid 
medium for the development of mycelial and yeast 
forms of Candida albicans. Sabouraudia. 1975;13:148-53.

8. Soll DR, Anderson JM. Unique phenotype of opaque 
cells in the white-opaque transition of Candida albicans. 
J Bacteriol. 1987;169:5579-88.

9. Reference method broth dilution antifungal susceptibility 
testing of yeast approved standard, CLSI, M27-A3, 2008, 
Vol. 28, No:14.

10. Soll DR, Langtimm CJ, McDowell J, Hicks J, Galask R. High 
frequency switching in Candida strains isolated from 
vaginitis patients. J Clin Microbiol. 1987;25:1611-22.

11. Soll DR, Galask R, Isley S, Rao TV, Stone D, Hicks J, et al. 
Switching of Candida albicans during successive episodes 
of recurrent vaginitis. J Clin Microbiol. 1989;27:681-90.

12. Mendling W, Koldovsky U. Immunological investigations 
in vaginal mycoses. Mycoses. 1996;39:177-83.

13. Richter SS, Galask R, Messer SA, Hollis RJ, Diekema D, 
Pfaller MA. Antifungal susceptibilities of Candida species 
causing vulvovaginitis and epidemiology of recurrent 
cases. J Clin Microbiol. 2005;4:2155-62.

14. Moreira D, Paula CR. Vulvovaginal candidiasis. Int J 
Gynecol Obstet. 2006;92:266-7.

15. Trama JP, Adelson ME, Raphaelli I, Stemmer SM, 
Mordechai E. Detection of Candida species in vaginal 
samples in a clinical laboratory setting. Infect Dis Obstet 
Gynecol. 2005;13:63-7.

16. Murta EFC, Silva AO, Silva EAC, Adad SJ. Frequency of 
infectious agents for vaginitisin non and hysterectomized 
women. Arch Gynecol Obstet. 2005;273:152-6.

17. Shinobu CS, Ogatta SFY, Bizerra F, Furlaneto  L, Peralta 
RM, Svidzinski TIE, et al. Lack of association between 
genotypes and virulence factors in Candida albicans 
strains isolated from vaginal secretion. Braz J Microbiol. 
2007;38:467-71.

18. Consolaro MEL, Gasparetto A, Svidzinski TIE, Ogatta 
SFY, Peralta RM. Effect of Pepstatin A on the virulence 
factors of Candida albicans strains isolated from vaginal 
environment of patients in three different clinical 
conditions. Mycopathologia. 2006;162:75-82.

19. Lian CH, Liu WD. Differential expression of C. albicans 
secreted aspartyl proteinase in human vulvovaginal 
candidiasis. Mycoses. 2007;50(5):383-90.

20. Tellapragada C, Eshwara VK, Johar R, Shaw T, Malik 
N, Bhat PV, et al. Antifungal susceptibility patterns, in 
vitro production of virulence factors and evaluation of 
diagnostic modalities for the speciation of pathogenic 
Candida from blood stream infections and vulvovaginal 
candidiasis. J Pathog. 2014;2014:142864.

21. Chassot F, Negri MFN, Svidzinski AE, Donatti L, Peralta 
RM, Svidzinski TIE, et al. Can intrauterine contraceptive 
devices be a Candida albicans reservoir? Contraception. 
2008;77:355-9.

22. Kumari V, Banerjee T, Kumar P, Pandey S, Tilak R. 
Emergence of nonalbicans Candida among Candidal 
Vaginitis Cases and study of their potential virulance 

https://injectormedicaljournal.com/
https://injectormedicaljournal.com/
http://iai.asm.org/search?author1=G+D+Christensen&sortspec=date&submit=Submit
http://iai.asm.org/search?author1=W+A+Simpson&sortspec=date&submit=Submit
http://iai.asm.org/search?author1=A+L+Bisno&sortspec=date&submit=Submit
http://iai.asm.org/search?author1=E+H+Beachey&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu WD%5BAuthor%5D&cauthor=true&cauthor_uid=17714358
http://www.ncbi.nlm.nih.gov/pubmed/17714358


THE INJECTOR

96Candidal vaginitis and fluconazole resistance  

2023;2(2):89-96

factors, from a tertiary care center, North India. Indian J 
Pathol Microbiol. 2013;56:144-7.

23. Srikantha T, Zhao R, Daniels K, Radke J, Soll DR. 
Phenotypic switching in Candida glabrata accompanied 
by changes in expressions genes with deduced functions 
in copper detoxifications and stress. EC. 2005;4:1434-45.

24. Soll DR. High-frequency switching in Candida albicans. 
Clin Microbiol Rev. 1992;5:183-203.

25. Bouchara JP, Zouhair R, Boudouil S, Renier G, Filmon R, 
Chabasse D, et al. In vivo selection of an azole-resistant 
petite mutant of Candida glabrata. J Med Microbiol. 
2000;49:977-84.

26. Brun S, Berges T, Poupard P, Vauzelle-Moreau C, Renier 
G, Chabasse D, et al. Mechanisms of azole resistance in 
petite mutants of Candida glabrata. Antimicrob Agents 
Chemother. 2004;48(5):1788-96.

27. Nsenga L, Bongomin F. Recurrent Candida Vulvovaginitis. 
Venereology 2022, 1, 114–23.

28. Nasrollahi Z, Yadegari MH, Mohammadi SR, Roudbary M, 
Poor MH, Nikoomanesh F, et al. Fluconazole Resistance 
Candida albicans in Females With Recurrent Vaginitis 
and Pir1 Overexpression. Jundishapur J Microbiol. 2015; 
23:8(9):e21468.

29. Dunaiski CM, Kock MM, Jung H, Peters RPH. Importance 
of Candida infection and fluconazole resistance in women 
with vaginal discharge syndrome in Namibia. Antimicrob 
Resist Infect Control. 2022;11:104.

30. Yassin MT, Mostafa AA, Al-Askar AA, Bdeer R. In vitro 
antifungal resistance profile of Candida strains isolated 
from Saudi women suffering from vulvovaginitis. Eur J 
Med Res. 2020;25(1):1.

https://injectormedicaljournal.com/
https://injectormedicaljournal.com/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Srikantha T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Daniels K%5Bauth%5D

