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Abstract
Background: Vulvovaginal candidiasis (VVC) is a common and debilitating long-term 
illness affecting million women worldwide. This disease is caused mainly by Candida 
albicans and a lesser extent by other species, including the two phylogenetically 
closely related pathogens Candida africana and Candida dubliniensis.
Objectives: In this study, we report detailed molecular epidemiological data about the 
occurrence of these two pathogenic yeasts in Iranian patients affected by VVC, or its 
chronic recurrent form (RVVC), and provide, for the first time, data on the antifungal 
activity of two new drugs, efinaconazole (EFN) and luliconazole (LUL).
Methods: A total of 133 vaginal yeast isolates, presumptively identified as C albicans 
by phenotypic and restriction analysis of rDNA, were further analysed by using a 
specific molecular method targeting the HWP1 gene. All C africana and C dubliniensis 
isolates were also tested for their in vitro susceptibility to a panel of modern and clas-
sical antifungal drugs.
Results and Conclusions: Based on the molecular results, among 133 germ-tube 
positive isolates, we identify 119 C albicans (89.47%), 11 C africana (8.27%) and 3 C 
dubliniensis (2.26%) isolates. C africana and C dubliniensis showed low MIC values for 
most of the antifungal drugs tested, especially for EFN and LUL, which exhibited a 
remarkable antifungal activity. High MIC values were observed only for nystatin and 
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1  |  INTRODUC TION

Vulvovaginal candidiasis (VVC) is one of the most common and 
widespread human fungal infection in the world that affects 70%–
75% of women at least once in their lifetime, especially in childbear-
ing age.1 According to recent estimates,2 up to 9% of young women 
experience recurrent episodes (4 or more) of VVC (RVVC) each year, 
which result in hundreds of millions of people affected globally, and 
in a huge economic loss estimated to be in tens of billions of dollars.2

The infection is caused by some species belonging to Candida 
genus (phylum Ascomycota; sub-phylum Saccharomycotina; order: 
Saccharomycetales), a complex and heterogeneous group of yeast-
like fungi widely distributed in nature.3 This genus contains at least 
300 taxa4 but, of the over 40 species known as etiological agents 
of candidiasis,5 only 5 (Candida albicans, Candida glabrata, Candida 
tropicalis, Candida parapsilosis and Candida krusei) are responsible for 
more than 95% of the infections occurring in humans.6

C albicans is the most pathogenic species of the group and re-
mains the most frequently isolated yeast from clinical specimens, 
including vaginal swabs.7,8 In fact, over 90% of VVC cases are attrib-
utable to this species while the remaining ones are caused by several 
other species, such as C glabrata, C tropicalis and C parapsilosis, which 
are collectively referred to as non-albicans Candida species.8

Until 1995, C albicans was considered the only germ-tube and 
chlamydospores positive Candida species infecting humans, but mo-
lecular comparative studies, performed on some atypical Irish C albi-
cans strains, revealed the existence of high levels of genetic diversity 
which led to the description of a new phylogenetically related species, 
called Candida dubliniensis.9 In the same year, other unusual germ-tube 
positive C albicans isolates were recovered from African patients with 
vaginitis,10 and subsequently proposed as representatives of a novel 
species, Candida africana,11 on the basis of some unusual phenotypes 
clearly different from those of typical C albicans isolates, for example 
the lack of chlamydospores production.12 However, although the sta-
tus of new species has been genetically confirmed for C dubliniensis, 
for C africana the taxonomic position is still controversial13 and some 
authors consider it as a biovar of C albicans.12 Nevertheless, C africana 
represents undoubtedly one the most intriguing evolutionary lineage 
within the global C albicans population14,15 and recent genome-wide 
studies16,17 have tried to clarify its evolutionary history by drawing 
an interesting and fascinating picture on the origin and evolution of 
the members of the C albicans clade, including the well-known and 

synonymised Candida stellatoidea.13 Interestingly, these studies sug-
gested that C albicans probably originated from an ancestral hybridi-
sation event between two divergent lineages, which also generated C 
africana and C stellatoidea making their taxonomic position in the clade 
even more uncertain and complicated.13 The clinical and epidemiologi-
cal implications of these findings are very important because members 
of the C albicans clade, as well as the non-hybrid species C dublinien-
sis,17 despite exhibiting some lineage-specific phenotypes, they may 
still be misidentified as the same species by conventional mycological 
methods.12,13 Furthermore, the paucity of specific drug susceptibility 
data for these genetically distinct Candida lineages makes it difficult to 
choose the appropriate therapeutic treatment for VVC/RVCC caused 
by them and contributes to the increase of azole-resistant strains.18

Although C africana and C dubliniensis are widely distributed 
across the world,9,15,19 there are limited data on the extent of RVVC 
caused by these pathogenic yeasts in Iranian women.20 Recent stud-
ies have shown that most of vaginal C africana isolates from Iran ex-
hibit resistance to various antifungal drugs,21,22 and ~28% of world 
isolates appear to be resistant to itraconazole.23 Furthermore, al-
though C africana is generally associated with vaginal infections, in 
Iran, this pathogen has also been reported as a cause of paediatric 
candiduria,24 and/or oropharyngeal candidiasis in cancer patients.25 
From these latter patients, fluconazole- and amphotericin B-resistant 
isolates have been also recovered.25 These epidemiological findings 
support the hypothesis that C africana prevalence, and/or drug resis-
tance, can be geographically variable23 and suggest further studies, in 
particular in vitro susceptibility testing of promising new drugs.

The aim of this study was to evaluate the prevalence of C africana 
and C dubliniensis in a large cohort of Iranian patients with VVC/
RVVC and to investigate the susceptibility of the isolates toward two 
new azoles, luliconazole (LUL) and efinaconazole (EFN), in compari-
son with other classical antifungal drugs.

2  |  MATERIAL S AND METHODS

2.1  |  Patients and yeast isolates

This research was performed on 295 vaginal swab samples, col-
lected during 1-year period (August 2018–September 2019) from 
Iranian patients presenting signs and symptoms of VVC who re-
ferred to clinics of gynaecology in Jahrom city, south of Iran. Swabs 

terbinafine. Although C albicans remains the most common Candida species recovered 
from Iranian VVC/RVVC patients, our data show that its prevalence may be slightly 
overestimated due to the presence of difficult-to-identify closely related yeast, espe-
cially C africana.
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were plated directly onto Sabouraud dextrose agar plates containing 
chloramphenicol (50 mg/L) and then incubated at 37°C for 48–72 h. 
Before molecular identification, all germ-tube positive Candida iso-
lates were subcultured on the chromogenic medium CHROMagar 
Candida (CHROMagar), at 35°C for 48 h, to ensure isolation of pure 
colonies and/or recognition of mixed culture.26 This study was ap-
proved by the Ethics Committee of Jahrom University of Medical 
Sciences (n° IR.JUMS.REC.1398.001).

2.2  |  Genomic DNA extraction, molecular 
identification and partial HWP1 gene sequencing

In this study, a preliminary molecular screening of the yeast isolates 
was accomplished using a polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) analysis of ribosomal in-
ternal transcribed regions (ITS).27,28

Total genomic DNA was extracted from each isolate using the 
glass-bead phenol-chloroform method according to a previous 
study.29 Purified DNA samples were then subjected to PCR-RFLP 
analysis as previously described in Gharaghani et al.27 Briefly, the 
ITS-rDNA regions were amplified using 0.5 μM of the fungal universal 
primers ITS1 and ITS4, 4 μl of DNA template, 12.5 μl of 2× Taq DNA 
master mix (Ampliqon) and PCR-grade water to make a final reaction 
volume of 25 μl.30 PCR cycles included initial denaturation at 94°C for 
5 min, followed by 35 cycles of denaturation at 94°C for 30 s, anneal-
ing at 58°C for 30 s, extension at 72°C for 1 min and a final extension 
step of 7 min at 72°C. After PCR, 6 μl of each amplicon was digested 
for 2 h at 37°C in 15 μl of restriction mixture containing 1.5 μl re-
action buffer, 7  μl water and 0.5  μl MspI as a restriction enzyme. 
Subsequently, the digested products were separated and visualised 
on a 2% (wt/vol) agarose gel stained with ethidium bromide (0.5 μg/
ml) and photographed under ultraviolet light at 305 nm. Final species 
identification was done by comparing the obtained RFLP patterns 
with those of reference strains used in other studies.27,28

In order to correctly identify each member of the C albicans clade, all 
isolates were further characterised by using a simple PCR-based assay 
developed for rapid and specific identification of these pathogens.12,31 
This method is based on partial amplification of the HWP1 gene using 
only a single pair of primers: CR-f-GCTACCACTTCAGAATCATCATC-3′ 
and CR-r-GCACCTTCAGTCGTAGAGACG.31 The reaction mixture and 
conditions used for in vitro amplification were the same as those pre-
viously described by Romeo and Criseo, 2008.31 PCR products were 
separated on a 1.3% (wt/vol) agarose gel and, according to the size of 
the amplicon produced, Candida isolates were classified as follows: C 
albicans (~941 bp), C stellatoidea (~800 bp), C africana (~740 bp) and C 
dubliniensis (~569 bp).12,31

All HWP1 fragments obtained from isolates identified as C afri-
cana and C dubliniensis, including three random selected C albicans 
isolates, were also sequenced using the same CR-f/CR-r primer set 
mentioned above. PCR products were sequenced via the ABI PRISM 
BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied 
Biosystems) on an automated ABI PRISMTM 3730 DNA sequencer 

(Applied Biosystems), following the manufacturer's guidelines. The 
resulting electropherograms were visually inspected and com-
pared with the corresponding HWP1 gene reference sequences 
of C albicans (GenBank: XM_704869.2), C dubliniensis (GenBank: 
XM_002419949.1) and C africana (GenBank: EU477610.1).

All the nucleotide sequences obtained in this study have been 
deposited in the GenBank database under the following accession 
numbers: MT361747-MT361763.

For further in silico sequence analysis and phylogenetic reconstruc-
tion, additional HWP1 sequences were retrieved from the GenBank 
database and included in this study (Figure 1). The maximum-likelihood 
method was employed for phylogenetic analysis by using unambigu-
ously aligned HWP1 sequences based on the Tamura-Nei substitution 
model as implemented in the MEGA software, version 7.32

2.3  |  Antifungal susceptibility testing

Evaluation of the in vitro susceptibility profiles of C dubliniensis 
and C africana to various antifungal drugs was performed accord-
ing the CLSI M27-A3 and M27-S4 documents.33,34 The susceptibility 
of the isolates to amphotericin B (AMB; Bristol-Myers-Squib), itra-
conazole (ITC; Janssen Research Foundation), voriconazole (VRC; 
Pfizer, Central Research), clotrimazole (CLO) and ketoconazole 
(KTO; Sigma) was tested in the concentration range of 0.016–16 μg/
ml, whereas terbinafine (TRB), nystatin (NYS; Sigma) and fluconazole 
(FLU; Pfizer) activities were evaluated in the concentration range of 
0.063–64 μg/ml.

The two new antifungals, LUL and EFN (Sigma), were tested in 
the concentration range of 0.008–8 μg/ml, whereas the range for 
caspofungin (CAS; Sigma) was 0.008–8 μg/ml.

The yeast inoculum suspensions were prepared spectrophoto-
metrically at 530 nm to a percent transmission in the range 75–77. 
Standardised inocula were in the range of 0.5–2.5 × 103 CFU/ml.

To estimate the minimum inhibitory concentration (MIC), the 
microdilution plates were incubated at 35°C and observed at 24 h. 
However, unlike typical C albicans isolates, C africana usually exhib-
its slower growth rates at different temperatures.16,35 Therefore, if 
no growth was observed at 24 h, the incubation time was extended 
to 48 h. After incubation, MIC endpoints were determined visually 
by comparing the turbidity with the drug-free growth control well. 
MIC was interpreted as the lowest drug concentration capable to 
visibly inhibiting fungal growth (ie inducing 100% inhibition in the 
case of amphotericin B and nystatin), or significantly reducing fun-
gal growth (50% for all other antifungal agents), compared to the 
drug-free control growth. C parapsilosis (ATCC 22019) and C krusei 
(ATCC 6258) were used as quality control strains.33,34

3  |  RESULTS

Patient data and clinical characteristics of VVC/RVVC caused by 
C africana and C dubliniensis are summarised in Table  1. A total 
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of 149 yeast isolates were recovered from 295 examined vaginal 
swabs. Of these, 133 (89.2%) were germ-tube positive and grew 
as typical C albicans green colonies on CHROMagar Candida. As 
expected for germ-tube positive Candida species,28 all 133 yeast 
isolates produced a 537  bp amplicon by ITS amplification and 
two smaller DNA fragments (239 and 298  bp) after digestion 
with MspI restriction endonuclease,28 confirming that the PCR-
RFLP method employed was not able to discriminate between 
C albicans, C dubliniensis and C africana.28 On the contrary, par-
tial amplification of the HWP1 gene yielded single DNA bands 
of different sizes allowing to correctly identify 119 C albicans 
(89.47%), 11 C africana (8.27%) and 3 C dubliniensis (2.26%) iso-
lates. Sequencing of the HWP1 amplicons of all Iranian C africana, 
C dubliniensis and 3 representative C albicans isolates confirmed 
the results obtained by PCR identification. In fact, all Iranian C 
africana isolates showed 100% sequence similarity with several 
other HWP1 sequences from Iran and Honduras. More specifi-
cally, comparison of the 11 C africana HWP1 sequences with 17 
reference sequences available in GenBank (Iran n  =  14, Italy 
n  =  1, Honduras n  =  1 and Argentina n  =  1; Figure  1) showed a 
sequence similarity ranging from 99.72% to 100% indicating that 

C. africana isolates recovered from Italy (GenBank: EU477610.1) 
and Argentina (GenBank: KR704898.1) were genetically, slightly, 
different from the Iranian ones (Figure 1).

Regarding C dubliniensis, Iranian isolates were highly simi-
lar among them with only one nucleotide substitution (nucleotide 
position n° 360) detected in 1 (GenBank: MT361763) of the 3 iso-
lates recovered in this study. Interestingly, two isolates (GenBank: 
MT361761 and MT361762) showed 100% sequence similarity with 
an Egyptian C. dubliniensis isolate (GenBank: JQ712517) (Figure 1) 
but were genetically different from several other isolates recov-
ered in diverse geographical areas (Figure  1). Figure  1 depicts a 
maximum-likelihood phylogenetic tree obtained by using HWP1 se-
quences from this study and other sequences currently available in 
the GenBank database.

The results of the in vitro antifungal susceptibility testing for 
C africana and C dubliniensis are shown in Table  2. The geometric 
mean MIC against all tested isolates was 0.019 and 0.024 μg/ml for 
the two novel drugs EFN and LUL, respectively (Table 2). However, 
in general, except for nystatin and terbinafine, all other antifungal 
agents tested showed low MIC values and therefore all the isolates 
were considered susceptible to these drugs (Table 2).

F I G U R E  1  Phylogenetic analysis of C albicans, Cafricana and Cdubliniensis based on HWP1 gene sequences obtained in this and other 
studies. The GenBank accession numbers for each sequence used in the analysis are indicated in the tree. The evolutionary history was 
inferred using the maximum-likelihood method based on the Tamura–Nei substitution model. Numbers at the nodes represent bootstrap 
values expressed as percentages of 1000 replicates

TA B L E  1  Clinical characteristics of vulvovaginal candidiasis caused by C africana (1–11) and C dubliniensis (12–14) isolates in VVC/RVVC 
patients

Source Patient no.
Age 
(years) Signs and symptoms Risk factors Antifungal therapy Outcome

RVVC 1 27 Itching, vaginal discharge, dysuria Receipt of antibiotics Oral fluconazole Cured

2 23 Itching, burning, vaginal discharge, pain 
during sexual activity

- Clotrimazole Cured

3 44 Itching, burning, vaginal discharge Receipt of antibiotics Clotrimazole Cured

4 34 Itching, dysuria, pain during sexual 
activity

Diabetes Clotrimazole Cured

VVC 5 33 Itching, burning, pain during sexual 
activity

- Clotrimazole Cured

6 38 Vaginal discharge, pain during sexual 
activity

- Clotrimazole Cured

7 57 Itching, burning, vaginal discharge Hypertension Clotrimazole Cured

8 40 Itching, burning - Clotrimazole Cured

9 37 Itching, burning, vaginal discharge - Clotrimazole Cured

10 36 Itching, burning, pain during sexual 
activity

- Clotrimazole Cured

11 30 Itching, burning - Clotrimazole Cured

12 24 Itching, burning, vaginal discharge, 
soreness

Receipt of antibiotics Clotrimazole Cured

13 44 Itching, burning, vaginal discharge, pain 
during sexual activity

- Clotrimazole Cured

14 32 Itching, burning, soreness Receipt of antibiotics Clotrimazole Cured

Abbreviations: RVVC, recurrent vulvovaginal candidiasis; VVC, Vulvovaginal candidiasis.
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4  |  DISCUSSION

Vaginal candidiasis is still one of the most common human fungal 
infections worldwide that affects an estimated 138 million women 
each year, a number that is destined to increase by more than 20 
million over the next 10  years.2 In Iran, over 2.7 million women, 
aged between 15 and 50 years, suffer from RVVC but current epi-
demiological data are not sufficient to establish with certainty the 
real burden of this disease in this country.36 However, in accordance 

with current global epidemiological trends,2,8 C albicans is the 
most commonly isolated Candida species in Iranian VVC/RVVC 
patients,20-22,37-39 even if our data confirm that its prevalence is 
slightly overestimated due to the presence of two difficult-to-
identify closely related yeasts, C africana and C dubliniensis. These 
yeasts are often reported as members of the so-called ‘C albicans 
species complex’ by many authors22,23,28,35,40-43 but, according to 
recent changes in naming fungal species of medical interest,44 and 
the new developments in the phylogeny of the C albicans clade,13,17 

Candida species Antifungal drugs

MIC Parameters (µg/ml)

Range G meana  MIC50 MIC90

All isolates
(n = 14)

Amphotericin B 0.031–0.5 0.080 0.063 0.5

Fluconazole 0.031–16 0.220 0.125 0.25

Ketoconazole 0.031–2 0.118 0.063 0.125

Clotrimazole 0.031–0.063 0.046 0.063 0.063

Itraconazole 0.031–32 0.125 0.063 0.125

Voriconazole 0.031-16 0.1175 0.063 0.125

Nystatin 16–32 21.926 32 32

Caspofungin 0.031–0.063 0.040 0.031 0.063

Luliconazole 0.008–0.063 0.024 0.016 0.031

Efinaconazole 0.008–0.063 0.019 0.016 0.031

Terbinafine 16–32 17.041 16 16

C africanab 
(n = 11)

Amphotericin B 0.031–0.5 0.062 0.063 0.25

Fluconazole 0.031–16 0.194 0.125 0.25

Ketoconazole 0.031–2 0.104 0.063 0.25

Clotrimazole 0.031-0.063 0.043 0.031 0.063

Itraconazole 0.031–32 0.11 0.063 0.125

Voriconazole 0.031–16 0.104 0.063 0.125

Nystatin 16–32 24.87 32 32

Caspofungin 0.031–0.063 0.040 0.031 0.063

Luliconazole 0.008–0.063 0.022 0.031 0.031

Efinaconazole 0.008–0.063 0.019 0.016 0.031

Terbinafine 16–32 17.04 16 16

C dubliniensisc 
(n = 3)

Amphotericin B 0.063–0.5 0.126 ND ND

Fluconazole 0.125–0.25 0.157 ND ND

Ketoconazole 0.063–0.125 0.079 ND ND

Clotrimazole 0.063 0.063 ND ND

Itraconazole 0.063–0.125 0.079 ND ND

Voriconazole 0.063–0.125 0.079 ND ND

Nystatin 16–32 20.16 ND ND

Caspofungin 0.031–0.063 0.050 ND ND

Luliconazole 0.016–0.031 0.020 ND ND

Efinaconazole 0.008–0.016 0.013 ND ND

Terbinafine 16 16 ND ND

Abbreviation: ND, Not Determined.
aG mean: Geometric mean.
b48 h-MIC values.
c24 h-MIC values.

TA B L E  2  In vitro susceptibilities of 14 
Candida isolates against eleven antifungal 
agents
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we believe that the denomination of a ‘species complex’ is no longer 
appropriate to indicate these pathogenic yeasts and therefore, ac-
cording to Mixão et al, 2020,13 there is an urgent need to clarify the 
taxonomic position of C albicans and its related lineages.

Collectively, in this study, C dubliniensis and C africana make up 
10.5% (14/133) of VVC/RVVC cases caused by germ-tube positive 
Candida isolates and, in this context, C africana makes the most sig-
nificant contribution (11/14 non-albicans isolates; ~78.6%) which is 
in line with previous studies, including its high ability to cause mainly 
vaginal infections.12,15,23,35,41 Conversely, C dubliniensis has been fre-
quently associated with oral infections in HIV-positive patients,9,12 
and our data confirm its very low prevalence in VVC/RVVC patients 
as already evidenced by several previous Iranian and international 
studies.12,45-49

C africana has a worldwide distribution12,15,23,41 and a recent 
global epidemiological meta-analysis by Gharehbolagh et al23 
showed that within C albicans/C africana/C dubliniensis group its 
overall prevalence is estimated to be 1.67% with Iran and Honduras 
showing the highest global prevalence (~3%).23 Interestingly, in 
silico comparison of HWP1 sequences and phylogenetic analysis 
showed that our C africana isolates were genetically identical to 
other isolates from Iran and Honduras (Figure 1), and slightly dif-
ferent from those of Italian and/or Argentinean origin. However, 
the lack of intraspecific genetic variation within Iranian C africana 
isolates agrees with recent studies showing that the global popu-
lation structure of this Candida yeast is highly clonal,16 and there-
fore small genetic variations among isolates can be evidenced only 
by using techniques that allow to analyse a large fraction of DNA 
sequences or its entire genome.15,16

Our study reports one of the largest clusters of C africana iso-
lates from Iran to date and confirms that this pathogenic yeast 
makes a substantial contribution to vaginal infections in this coun-
try. However, although significant variations in C africana preva-
lence have been reported, between and across several countries 
worldwide,12,15,23 our epidemiological data are in accordance with 
recent Iranian studies20,38 and are quite similar to prevalence rates 
reported from other single centres in China (6.3%),50 Italy (7.2%),51 
USA (7%)52 and Algeria (10%)53 indicating that this yeast may be 
more locally or regionally prevalent.23,41 In fact, Turkey, which is 
geographically close to Iran, showed the lowest prevalence for C 
africana with two different studies reporting rates of 0%54 and 
0.8%,46 respectively. Also, other countries, such as Malaysia55 and 
Argentina,47,48 reported the lack, or very low prevalence, of C af-
ricana in vaginal samples supporting the hypothesis of local geo-
graphical variation, although such estimates may be imprecise due 
to a limited number of studies in these countries.23 However, ep-
idemiological data also revealed that the susceptibility of healthy 
women to VVC/RVVC, and/or to Candida colonisation, could be 
potentially related to the host genetic background, ethnicity and 
alteration of the vaginal microbiome.56,57 Therefore, it is still un-
clear whether the differences in C africana prevalence observed 
so far12,15,23,41 are the result of a limited number of molecular 

epidemiological studies or whether these differences are some-
what related to geographic/climate variations, race and/or other 
intrinsic host-related factors.8,23,56,57 For these reasons, further 
worldwide investigations, using HWP1 identification method,31 
should be encouraged in order to assess the real impact of C afri-
cana in VVC/RVVC patients and its global distribution.

Regarding the susceptibility of vaginal C africana and C dublinien-
sis isolates to different antifungal drugs, previous studies showed 
that these yeasts are generally sensitive to several commonly used 
antimycotics.23,35,41 However, there are some reports showing 
that C africana exhibits antifungal susceptibility patterns different 
from those of C albicans23 and some isolates have been classified 
as resistant to itraconazole, fluconazole, voriconazole, clotrimazole, 
5-flucytosine and terbinafine.12,22,23,25

In our study, C africana and C dubliniensis isolates showed low 
MIC values for most of the antifungal drugs tested (Table 2). High 
MIC values were observed only for NYS and TRB, which is inconsis-
tent with previous reports.35,47,58 Furthermore, to our knowledge, 
we show for the first time a remarkable antifungal activity of EFN (G 
mean, 0.019 μg/ml) and LUL (G mean, 0.024 μg/ml; Table 2) against 
all our Candida isolates, confirming the excellent in vitro activity of 
these two new antifungal drugs against a broad spectrum of patho-
genic fungi.59-62 However, it should be pointed out that in our study, 
the susceptibility test was performed using a pH 7 culture medium 
as described by standard CLSI guidelines.33,34 This condition may 
not reflect the real susceptibility of isolates normally exposed, or 
adapted, to the vaginal acidic environment (normal pH between 3.8 
and 4.5).63 Therefore, a sensitivity test with culture medium at pH≃4 
should be evaluated in future studies against these vaginal Candida 
pathogens.

In conclusion, although C albicans remains the main causative 
agent of vaginal infections in Iranian patients, a considerable part 
of these cases can be attributed to other Candida pathogens that 
are very difficult to identify using traditional identification meth-
ods.12,39,42 Nevertheless, based on our data, and several previous 
studies,12,23,35,37,41,58,64 the differentiation between C albicans, 
C africana and C dubliniensis appears to be clinically irrelevant, as 
discrimination of these pathogens should not affect therapeutic 
choices commonly used for the treatment of VVC/RVVC. However, 
several drug-resistant C africana isolates, or strains with reduced 
susceptibility to different classes of antimycotics,12,22,23 have been 
recently reported, and we also confirmed the occurrence of isolates 
with high MIC values for NYS and TRB drugs. Therefore, further 
epidemiological studies on a global scale will be useful to establish 
the real prevalence, and the role, of C africana in vaginal infections 
as well as understanding the extent of antifungal resistance in this 
pathogenic yeast.

ACKNOWLEDG EMENTS
This study was supported by Jahrom University of Medical Sciences, 
Jahrom, Iran (grant no. 98001518). The authors thank the partici-
pants for their involvement in this project.



778  |    SHOKOOHI et al

CONFLIC T OF INTERE S T
The authors declare that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS
Gholamreza Shokoohi: Conceptualization (lead); Funding acquisition 
(lead); Supervision (lead); Writing – original draft (lead). Javad Javidnia: 
Formal analysis (lead); Writing – review and editing (equal). Hossein 
Mirhendi: Conceptualization (supporting); Writing – review and editing 
(equal). Athar Rasekh Jahromi: Resources (equal); Writing – review and 
editing (equal). Ali Rezaei – Matehkolaei: Writing – review and editing 
(equal). Saham Ansari: Formal analysis (equal); Writing – review and ed-
iting (equal). Faeze Maryami: Resources (equal); Writing – review and 
editing (equal). Sahand Goodarzi: Resources (equal); Writing – review 
and editing (equal). Orazio Romeo: Supervision (supporting); Writing 
– original draft (supporting); Writing – review and editing (lead).

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are openly available 
in the Genbank database at https://www.ncbi.nlm.nih.gov/genbank, 
reference number MT361747–MT361763.

ORCID
Gholamreza Shokoohi   https://orcid.org/0000-0003-0868-848X 
Javad Javidnia   https://orcid.org/0000-0001-9336-2518 
Hossein Mirhendi http://orcid.org/0000-0002-1006-4169 
Athar Rasekh-Jahromi   https://orcid.org/0000-0003-0322-239X 
Ali Rezaei-Matehkolaei   https://orcid.org/0000-0002-3119-8342 
Saham Ansari   https://orcid.org/0000-0002-1623-5803 
Faeze Maryami   https://orcid.org/0000-0002-0836-6141 
Sahand Goodarzi   https://orcid.org/0000-0002-7023-7711 
Orazio Romeo   https://orcid.org/0000-0001-5093-2525 

R E FE R E N C E S
	 1.	 Sobel JD. Recurrent vulvovaginal candidiasis. Am J Obstet Gynecol. 

2016;214(1):15-21.
	 2.	 Denning DW, Kneale M, Sobel JD, Rautemaa-Richardson R. Global 

burden of recurrent vulvovaginal candidiasis: a systematic review. 
Lancet Infect Dis. 2018;18(11):e339-e347.

	 3.	 Gabaldón T, Naranjo-Ortíz MA, Marcet-Houben M. Evolutionary 
genomics of yeast pathogens in the Saccharomycotina. FEMS Yeast 
Res. 2016;16(6):fow064.

	 4.	 Lachance M-A, Boekhout T, Scorzetti G, Fell JW, Kurtzman CP. 
Candida Berkhout (1923). In: Kurtzman CP, Fell JW, Boekhout T, 
The yeasts. 5th. Amsterdam: Elsevier; 2011:987-1278.

	 5.	 Johnson EM. Rare and emerging Candida species. Current Fungal 
Infection Reports. 2009;3(3):152-159.

	 6.	 McCarty TP, Pappas PG. Invasive candidiasis. Infect Dis Clin North 
Am. 2016;30(1):103-124.

	 7.	 Pappas PG, Lionakis MS, Arendrup MC, Ostrosky-Zeichner L, 
Kullberg BJ. Invasive candidiasis. Nat Rev Dis Primers. 2018;4:18026.

	 8.	 Willems HME, Ahmed SS, Liu J, Xu Z, Peters BM. Vulvovaginal can-
didiasis: a current understanding and burning questions. J Fungi 
(Basel). 2020;6(1):27.

	 9.	 Sullivan DJ, Westerneng TJ, Haynes KA, Bennett DE, Coleman DC 
Candida dubliniensis sp. nov.: phenotypic and molecular character-
ization of a novel species associated with oral candidosis in HIV-
infected individuals. Microbiology. 1995;141(Pt 7):1507-1521.

	10.	 Tietz HJ, Küssner A, Thanos M, De Andrade MP, Presber W, 
Schönian G. Phenotypic and genotypic characterization of unusual 
vaginal isolates of Candida albicans from Africa. J Clin Microbiol. 
1995;33(9):2462-2465.

	11.	 Tietz HJ, Hopp M, Schmalreck A, Sterry W, Czaika V Candida afri-
cana sp. nov., a new human pathogen or a variant of Candida albi-
cans? Mycoses. 2001;44(11–12):437-445.

	12.	 Romeo O, Criseo G Candida africana and its closest relatives. 
Mycoses. 2011;54(6):475-486.

	13.	 Mixão V, Saus E, Boekhout T, Gabaldón T. Extreme diversification 
driven by parallel events of massive loss of heterozygosity in the 
hybrid lineage of Candida albicans. Genetics. 2020;217(2):iyaa004.

	14.	 Odds FC. Molecular phylogenetics and epidemiology of Candida 
albicans. Future Microbiol. 2010;5(1):67-79.

	15.	 Chowdhary A, Hagen F, Sharma C, et al. Whole genome-based 
amplified fragment length polymorphism analysis reveals genetic 
diversity in Candida africana. Front Microbiol. 2017;8:556.

	16.	 Ropars J, Maufrais C, Diogo D, et al. Gene flow contributes to di-
versification of the major fungal pathogen Candida albicans. Nat 
Commun. 2018;9(1):2253.

	17.	 Mixão V, Gabaldón T. Genomic evidence for a hybrid origin of 
the yeast opportunistic pathogen Candida albicans. BMC Biol. 
2020;18(1):48.

	18.	 Sobel JD, Sobel R. Current treatment options for vulvovaginal 
candidiasis caused by azole-resistant Candida species. Expert Opin 
Pharmacother. 2018;19(9):971-977.

	19.	 Sharma C, Muralidhar S, Xu J, Meis JF, Chowdhary A. Multilocus se-
quence typing of Candida africana from patients with vulvovaginal 
candidiasis in New Delhi, India. Mycoses. 2014;57(9):544-552.

	20.	 Naeimi B, Mirhendi H, Khamisipour G, Sadeghzadeh F, Ahmadi B 
Candida africana in recurrent vulvovaginal candidiasis (RVVC) pa-
tients: frequency and phenotypic and genotypic characteristics. J 
Med Microbiol. 2018;67(11):1601-1607.

	21.	 Majdabadi N, Falahati M, Heidarie-Kohan F, et al. Effect of 
2-phenylethanol as antifungal agent and common antifungals 
(Amphotericin B, Fluconazole, and Itraconazole) on Candida species 
isolated from chronic and recurrent cases of candidal vulvovagini-
tis. Assay Drug Dev Technol. 2018;16(3):141-149.

	22.	 Farahyar S, Izadi S, Razmjou E, et al. Low prevalence of antifungal 
resistant Candida africana, in the C albicans complex causing vulvo-
vaginal candidiasis. Heliyon. 2020;6(3):e03619.

	23.	 Gharehbolagh SA, Fallah B, Izadi A, et al. Distribution, antifungal 
susceptibility pattern and intra-Candida albicans species complex 
prevalence of Candida africana: a systematic review and meta-
analysis. PLoS ONE. 2020;15(8):e0237046.

	24.	 Nikmanesh B, Ahmadikia K, Getso MI, et al. Candida africana and 
Candida dubliniensis as causes of pediatric candiduria: a study using 
HWP1 gene size polymorphism. AIMS Microbiol. 2020;6(3):272.

	25.	 Lotfali E, Mardani M, Abolghasemi S, et al. Isolation of Candida afri-
cana in oral candidiasis: first report among cancer patients in Iran. 
Curr Med Mycol. 2020;6(2):58-62.

	26.	 Ghelardi E, Pichierri G, Castagna B, Barnini S, Tavanti A, Campa M. 
Efficacy of chromogenic Candida Agar for isolation and presump-
tive identification of pathogenic yeast species. Clin Microbiol Infect. 
2008;14(2):141-147.

	27.	 Gharaghani M, Ahmadi B, Taheripour Sisakht M, Ilami O, Aramesh 
S, Mouhamadi F, Barati Z, Roozmeh S, Mohammadi H, Nouripour-
Sisakht S. Identification of Candida Species Isolated from 
Vulvovaginal Candidiasis Patients by Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism (PCR-RFLP) in Yasuj 
Southwestern Iran. Jundishapur Journal of Microbiology. 2018;11(8). 
http://dx.doi.org/10.5812/jjm.65359

	28.	 Fontecha G, Montes K, Ortiz B, Galindo C, Braham S. Identification 
of cryptic species of four Candida complexes in a culture collection. 
J Fungi (Basel). 2019;5(4):117.

https://www.ncbi.nlm.nih.gov/genbank
info:refseq/MT361747
info:refseq/MT361763
https://orcid.org/0000-0003-0868-848X
https://orcid.org/0000-0003-0868-848X
https://orcid.org/0000-0001-9336-2518
https://orcid.org/0000-0001-9336-2518
http://orcid.org/0000-0002-1006-4169
https://orcid.org/0000-0003-0322-239X
https://orcid.org/0000-0003-0322-239X
https://orcid.org/0000-0002-3119-8342
https://orcid.org/0000-0002-3119-8342
https://orcid.org/0000-0002-1623-5803
https://orcid.org/0000-0002-1623-5803
https://orcid.org/0000-0002-0836-6141
https://orcid.org/0000-0002-0836-6141
https://orcid.org/0000-0002-7023-7711
https://orcid.org/0000-0002-7023-7711
https://orcid.org/0000-0001-5093-2525
https://orcid.org/0000-0001-5093-2525
http://dx.doi.org/10.5812/jjm.65359


    |  779SHOKOOHI et al

	29.	 Mirhendi H, Makimura K, Khoramizadeh M, Yamaguchi H. A one-
enzyme PCR-RFLP assay for identification of six medically important 
Candida species. Nihon Ishinkin Gakkai Zasshi. 2006;47(3):225-229.

	30.	 Shokoohi G, Rasekh-Jahromi A, Solhjoo K, Hasannezhad A, 
Nouripour-Sisakht S, Ahmadi B, Teymouri Y, Shirvani N, Abtahi F, 
Pooransari P, Ansari S. Molecular Characterization and Antifungal 
Susceptibility of Candida Species Isolated From Vulvovaginitis in 
Jahrom City, South of Iran. Jundishapur Journal of Microbiology. 
2020;13(10). http://dx.doi.org/10.5812/jjm.106825

	31.	 Romeo O, Criseo G. First molecular method for discriminating be-
tween Candida africana, Candida albicans, and Candida dubliniensis 
by using hwp1 gene. Diagn Microbiol Infect Dis. 2008;62(2):230-233.

	32.	 Kumar S, Stecher G, Tamura K. MEGA7: Molecular Evolutionary 
genetics analysis version 7.0 for bigger datasets. Mol Biol Evol. 
2016;33(7):1870-1874.

	33.	 Clinical Laboratory Standards Institute. Reference method for broth 
dilution antifungal susceptibility testing of yeasts: approved standard—
third edition.M27-A3. Wayne, PA: Clinical Laboratory Standards 
Institute; 2008.

	34.	 Clinical Laboratory Standards Institute. Reference method for broth 
dilution antifungal susceptibility testing of yeasts: fourth informational 
supplement M27–S4. Wayne: CLSI; 2012.

	35.	 Borman AM, Szekely A, Linton CJ, Palmer MD, Brown P, Johnson 
EM. Epidemiology, antifungal susceptibility, and pathogenicity of 
Candida africana isolates from the United Kingdom. J Clin Microbiol. 
2013;51(3):967-972.

	36.	 Hedayati MT, Taghizadeh Armaki M, Yazdani Charati J, Hedayati N, 
Seyedmousavi S, Denning DW. Burden of fungal infections in Iran. 
J Infect Dev Ctries. 2018;12(10):910-918.

	37.	 Yazdanparast SA, Khodavaisy S, Fakhim H, et al. Molecular charac-
terization of highly susceptible Candida africana from vulvovaginal 
candidiasis. Mycopathologia. 2015;180(5–6):317-323.

	38.	 Rahmani Z, Sadeghi S, Mirzakhani R, et al. Effects of acetic acid 
vaginal gel on vulvovaginal candidiasis: a double blind randomized 
controlled trial. J Mazandaran Univ Med Sci. 2020;30(184):28-39.

	39.	 Hashemi SE, Shokohi T, Abastabar M, Aslani N, Ghadamzadeh 
M, Haghani I. Species distribution and susceptibility profiles of 
Candida species isolated from vulvovaginal candidiasis, emergence 
of C lusitaniae. Curr. Med Mycol. 2019;5(4):26-34.

	40.	 Brandt ME, Lockhart SR. Recent taxonomic developments with 
Candida and other opportunistic yeasts. Curr Fungal Infect Rep. 
2012;6(3):170-177.

	41.	 Romeo O, Tietz H-J, Criseo G Candida africana: is it a fungal patho-
gen? Curr Fungal Infect Rep. 2013;7(3):192-197.

	42.	 Criseo G, Scordino F, Romeo O. Current methods for identifying 
clinically important cryptic Candida species. J Microbiol Methods. 
2015;111:50-56.

	43.	 Hana S, Latifa M, Camilia C, Boutheina J. Characterization of the 
‘Candida albicans Complex’: first report of Candida africana in 
Tunisia. J Med Microb Diagn. 2020;9(307):2.

	44.	 de Hoog GS, Chaturvedi V, Denning DW, et al. Name changes in 
medically important fungi and their implications for clinical prac-
tice. J Clin Microbiol. 2015;53(4):1056-1062.

	45.	 Us E, Cengiz SA. Prevalence and phenotypic evaluation of Candida 
dubliniensis in pregnant women with vulvovaginal candidosis in a 
university hospital in Ankara. Mycoses. 2007;50(1):13-20.

	46.	 Hazirolan G, Altun HU, Gumral R, Gursoy NC, Otlu B, Sancak B. 
Prevalence of Candida africana and Candida dubliniensis, in vulvo-
vaginal candidiasis: first Turkish Candida africana isolates from vul-
vovaginal candidiasis. J Mycol Med. 2017;27(3):376-381.

	47.	 Theill L, Dudiuk C, Morano S, et al. Prevalence and antifungal sus-
ceptibility of Candida albicans and its related species Candida dub-
liniensis and Candida africana isolated from vulvovaginal samples in 
a hospital of Argentina. Rev Argent Microbiol. 2016;48(1):43-49.

	48.	 Mucci MJ, Cuestas ML, Landanburu MF, Mujica MT. Prevalence 
of Candida albicans, Candida dubliniensis and Candida africana 

in pregnant women suffering from vulvovaginal candidiasis in 
Argentina. Rev Iberoam Micol. 2017;34(2):72-76.

	49.	 Fakhim H, Vaezi A, Javidnia J, et al. Candida africana vulvovag-
initis: Prevalence and geographical distribution. J Mycol Med. 
2020;30(3):100966.

	50.	 Hu Y, Yu A, Chen X, Wang G, Feng X. Molecular characterization 
of Candida africana in genital specimens in Shanghai, China. Biomed 
Res Int. 2015;2015:185387.

	51.	 Romeo O, Criseo G. Morphological, biochemical and molecu-
lar characterisation of the first Italian Candida africana isolate. 
Mycoses. 2009;52(5):454-457.

	52.	 Rabe L, Goldman J, Bracken S, Juul J, Meyn L, Hillier S. Prevalence 
of Candida africana among women with Vulvovaginal Candidiasis 
(VVC) and/or Bacterial Vaginosis (BV) in the United States. Am J 
Obstet Gynecol. 2017;217(6):735-736.

	53.	 Racha B, Khaled A, Haïet A-H, et al. Première caractérisa-
tion moléculaire de Candida africana en Algérie. J Mycol Méd. 
2016;26(1):68-69.

	54.	 Gumral R, Sancak B, Guzel AB, Saraçlı MA, Ilkit M. Lack of Candida 
africana and Candida dubliniensis in vaginal Candida albicans iso-
lates in Turkey using HWP1 gene polymorphisms. Mycopathologia. 
2011;172(1):73-76.

	55.	 Yazdanpanah A, Khaithir TM. Issues in identifying germ tube posi-
tive yeasts by conventional methods. J Clin Lab Anal. 2014;28(1):1-9.

	56.	 Rosati D, Bruno M, Jaeger M, Ten Oever J, Netea MG. Recurrent 
vulvovaginal candidiasis: an immunological perspective. 
Microorganisms. 2020;8(2):144.

	57.	 Tortelli BA, Lewis WG, Allsworth JE, et al. Associations between the 
vaginal microbiome and Candida colonization in women of repro-
ductive age. Am J Obstet Gynecol. 2020;222(5):471.e471-471.e479.

	58.	 Shan Y, Fan S, Liu X, Li J. Prevalence of Candida albicans-closely 
related yeasts, Candida africana and Candida dubliniensis, in vulvo-
vaginal candidiasis. Med Mycol. 2014;52(6):636-640.

	59.	 Shokoohi GR, Badali H, Mirhendi H., et al. In vitro activities of lul-
iconazole, lanoconazole, and efinaconazole compared with those 
of five antifungal drugs against melanized fungi and relatives. 
Antimicrob Agents Chemother. 2017;61(11):e00635-17.

	60.	 Rezaei-Matehkolaei A, Khodavaisy S, Alshahni MM, et al. In vitro 
antifungal activity of novel triazole efinaconazole and five compar-
ators against dermatophyte isolates. Antimicrob Agents Chemother. 
2018;62(5):e02423-17.

	61.	 Taghipour S, Kiasat N, Shafiei S, Halvaeezadeh M, Rezaei-
Matehkolaei A, Zarei MA. Luliconazole, a new antifungal against 
Candida species isolated from different sources. J Mycol Med. 
2018;28(2):374-378.

	62.	 Shokoohi GR, Ansari S, Abolghazi A, et al. The first case of finger-
nail onychomycosis due to Neoscytalidium novaehollandiae, mo-
lecular identification and antifungal susceptibility. J Mycol Med. 
2020;30(1):100920.

	63.	 Liu W, Zhang X, Liu Z, Luo X. Impact of pH on the antifungal 
susceptibility of vaginal Candida albicans. Int J Gynaecol Obstet. 
2011;114(3):278-280.

	64.	 Lockhart SR. Do hospital microbiology laboratories still need to dis-
tinguish Candida albicans from Candida dubliniensis? J Clin Microbiol. 
2011;49(12):4415.

How to cite this article: Shokoohi G, Javidnia J, Mirhendi H, et 
al. Molecular identification and antifungal susceptibility 
profiles of Candida dubliniensis and Candida africana isolated 
from vulvovaginal candidiasis: A single-centre experience in 
Iran. Mycoses. 2021;64:771–779. https://doi.org/10.1111/
myc.13280

http://dx.doi.org/10.5812/jjm.106825
https://doi.org/10.1111/myc.13280
https://doi.org/10.1111/myc.13280

