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A B S T R A C T

Background: Fungal vaginitis originates from yeasts that are active in the mucosa of the women‘s genital tract. The main yeast that causes 
fungal vaginitis is Candida albicans .
Objectives: The current study aimed to detect frequency of yeasts mainly C. albicans in vaginal specimens of women from Tabriz, Iran. For 
the above purpose, the sensitivity and specifity of traditional laboratory assays were compared with those of molecular method (PCR) by 
universal and species primers to detect C. albicans in vaginal samples.
Patients and Methods: In this study, 250 vaginal specimens were collected from women in Tabriz, East-Azerbaijan province, Iran during 2009-
2010. Samples were examined to identify C. albicans by germ-tube test, chlamydoconidium formation test, preparation of wet smear using 
potassium hydroxide, and Polymerase Chain Reaction (PCR).
Results: 162 yeast species from 250 specimens were isolated in Sabroud Dextrose Agar (SDA) Medium. 106 (65.4%) of them were germ tube 
formation positive, 86 (53%) chlamydoconidium formation positive and 101(62.4%) were PCR positive.  Yeast cells and mycelia were detected in 
the isolates on direct microscopic examination. C. albicans accounted for 66.04% of cases and 34% were non-C. albicans species.
Conclusions: In conclusion, PCR may be the best method to detect Candida species.
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Implication for health policy/practice/research/medical education:
Results of the current survey could be useful to detect Candida species in clinical samples by different laboratory techniques and to 
prevent obtaining false positive or false negative results during laboratory procedures.
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1. Background
The valid and rapid laboratory assays to identify Can-

dida species in clinical samples are particularly impor-
tant to diagnose Candidal volvovaginitis of women. This 
clinical type of candidiasis can be very important and 
even significant among HIV+, pregnant, and immuno-
deficient women due to leading to systemic candidiasis 
in this group of patients. The currently used laboratory 
assays such as direct microscopy, culture, and biochemi-
cal methods to detect and identify Candida species ac-
curately, are time-consuming, and lack the necessary 
validity. Also, the mentioned assays fail to discriminate 
between the pathogenic and virulent Candida species 
with non or less pathogenic species of Candida. This kind 
of laboratory findings and information are vital and criti-
cal to choose accurate therapeutic protocol, since some 
non-Candidal yeasts and also non-C. albicans species have 
been identified as fully antifungal resistant species or 
less susceptible to normally used antimycotic agents (1).

Vulvovaginal candidiasis (VVC) originates from yeasts 
that are active in the mucosa of the women‘s genital 
tract. Recent reports have shown that the rate of VVC has 
elevated among women. C. albicans is the main yeast spe-
cies that causes VVC (2) and accounts for around 70 to 90 
% of clinical candidiasis, but other species such as: C. gla-
brata, C. krusei, C. tropicalis, C. parapsilosis, C. dubliniensis 
and rarely some other Candida Sp. play a 10 to 20% role in 
causative agents of VVC (3).

Around 20 to 25% of healthy asymptomatic women 
show vaginal specimens with active C. albicans (4). More-
over, three fourth of women have experienced VVC at 
least once, and half of them have experienced that many 
times, even recurrent status during their own life time.

2. Objectives
The current study aimed to detect frequency of yeasts 

mainly C. albicans in vaginal specimens of women 
from Tabriz, Iran. For the above purpose, the sensitiv-
ity and specifity of traditional laboratory assays were 
compared with those of molecular method (PCR) by 
universal and species primers to detect C. albicans in 
vaginal samples.

3. Patients and Methods

3.1. Sample Collection and Culture
From three health-care centers in Tabriz (governorship 

city in north-west of Iran) during 2009-2010 under su-
pervision of gynecologists, a total number of 250 vaginal 
specimens were collected by a disposable vaginal sterile 
speculum and two sterile swabs from infected or sus-
pected, asymptomatic or symptomatic women to candi-
diasis, irrespective of symptoms. Clinical samples were 

immediately transferred to medical mycology lab (Tabriz 
University of Medical Sciences) under sterile condition. 
The women were from different cites of East Azerbaijan 
province. All cases were informed, and they consented to 
participate in the study. One of the obtained swabs was 
spread on the sterile condition in culture medium Sab-
ouraud Dextrose Agar (SDA) Petri dish (Oxiod Ltd., UK). 
The dishes were incubated at 37°C, for 48-72 hours. The 
next swab was used for smear preparation.

3.2. Vaginal Smear
The second swab was rubbed on a sterile microscopic 

slide used in wet smears preparation; this slide was treat-
ed with a drop of 10 % potassium hydroxide (KOH). The 
smears were studied microscopically to identify yeast 
characteristics and hyphal (mycelium and pseudomycel-
lium) structures of Candida.

3.3. Germ Tube Test and Chlamydoconidium For-
mation Test

The germ tube-formation (RB phenomenon) test was 
performed, to detect C. albicans using 72 h cultures on Sab-
ouraud Dextrose Agar + Chloramphenicol (SC) media. The 
yeast colony (~106 yeast cell) was incubated in 2000 µl hu-
man fresh serum at 37°C  for maximum 2 hours and then 
studied by microscope. One of the discriminating features 
of C. albicans is chlamydoconidium formation on Corn Meal 
Agar (CMA) medium with 1% Tween 80. Samples were cul-
tured in CMA containing 1% tween 80, and then incubated 
in 27 to 30°C for three days. After incubation, plates were 
studied for typical chlamydoconidium formation. All used 
fungal media were from Oxiod Ltd., UK.

3.4. DNA Extraction and Polymerase Chain Reac-
tion (PCR)

Genomic DNA of the C. albicans was extracted by DNA 
Extraction Kit (Qiagen, Germany) according to manufac-
turer instructions for Fungal DNA extraction.  Primer (1): 

Forward Primer: 5'- TCA ACT TGT CAC AGA TTA TT-3'
Reverse Primer: 5'- TCC TCC GCT TAT TGA TAT GC-3' The 

PCR cycle parameters were as follows: preheating at 94°C 
for 3 minutes, followed by 42 cycles of 94°C for 1 min (de-
naturing step), 50°C for 25 seconds (annealing step) and 
extention at 72°C for 25 sec, finally 72°C for 5 min. (for to-
tal 50µl of PCR reaction the details of PCR mixture was: 
each primer: 1µl, template DNA: 1µl, Taq DNA polymerase: 
0.5 µl, 5x PCR buffer: 5µl, ddH2O:31.5µL). All reaction mix-
tures were amplified by means of a thermal cycler (FPHC-
3CD Thermal Cycler, Techne, England). The PCR products 
were electrophoresed in a 1% agarose gel (Roche Diagnos-
tics GmbH, Mannheim, Germany). The gel was dyed with 
ethidium bromide (Fermentas 0.5 µg/mL) and visualized 
under UV illumination. 
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4. Results
Out of 250 vaginal specimens, 162 (64.8 %) yeast isolates 

were separated in SDA Medium. Of the 162 isolates, 106 
(65.4%) were germ tube formation positive in human 
fresh serum and 86 (53%), chlamydoconidium formation 
positive using CMA medium and 101 (62.4%) were PCR pos-
itive (Figure 1). Other related results are indicated in  Table 
1 . Of the 250 specimen, 162 (64.8%) were showing yeast 
cells and mycelia on direct microscopic examination. C. 
albicans accounted for 66.04% of cases and 34% were other 
Candida species.

Table 1.. The Results of Vaginal Specimens by Three Different 
Tests to detect C. albicans (Total of Specimens =250)

PCR for C. 
albicans, 
No.(%)

Germ Tube 
Formation, 
No.(%)

Chlamydo-
conidium 
Formation

Positive 101 (62.3) 106 (65.4) 86 (53%)

Negative 61 (37.6) 56 (34.5) 76 (46.9%)

Total 162 (100) 162 (100) 162 (100%)

Figure 1. Detection of C. albicans by PCR

M: marker, Lanes 1 to 5: C. albicans (370 bp shows C. albicans bands) Lane 
6: non-albicans Candida, Lane 17 and 19: Negative control, Lane 18 and 20: 
Positive control.

5. Discussion 
The main purpose of this survey was to compare the va-

lidity and sensitivity of three common laboratory meth-
ods to detect C. albicans. Hence, attention to the clinical 
furthers of examined cases was not the scope of survey. 
"Vulvovaginal candidiasis includes the spectrum of pa-
tients both with and without symptoms who have posi-
tive cultures and who phenotypically may range from 
having a total absence of symptoms to the presence of 
florid, severe disease"(5). All types of immunodeficiency 
but particularly decreased cell-mediated immunity (CME) 
and also Candida dependent factors such as dimorphism 
of C. albicans (ability to transform between the yeast and 
the mycellial structure), are playing key roles to develop 
VVC and other types of invasive Candida infection in sus-
ceptible patients (6-8). It has been reported that higher 
risks of different types of candidiasis including VVC with 
non-albicans species (C. glabrata, C. dubliniensis) may re-

peatedly occur in certain groups of patients due to inad-
equate treatment protocols or special groups of patients 
such as diabetic (61.3%) or elderly (51.2%) patients with VVC 
(9-12).

In the current study phenotypic assays established vari-
able utility to recognize C. albicans from other Candidal 
species. The use of chlamydoconidium and germ tube 
production to identify C. albicans isolates produced high-
ly valid results to distinguish Candida isolates in compari-
son with wet slide and culture assay. Alongside wet slide 
and culture assay, molecular screening was enormously 
helpful as a sensitive, rapid, highly valid and also inex-
pensive method to identify C. albicans from other Candida 
isolates (13, 14).

In the current study, the prevalence of yeast species in 
vaginal specimens of 25o women was 64.8% (162/250), and 
66% of them were C. albicans. These rates are similar to 
the previous study by Bauters et al. Another study showed 
60.7% prevalence for C. albicans (15). In a report by Ahmad 
and Khan in India, Out of 1050 women, 215 (20.47%) were 
positive for Candida species. Of 215 women, 172 (80%) had 
pH within the normal range and 167 (77.67%) were show-
ing yeast cells and mycelia on direct microscopic exami-
nation. C. albicans accounted for 46.9% of cases (16). While 
C. albicans is the most common species, increasing num-
ber of non-albicans isolates in vaginal candidiasis is obvi-
ous (17) . In the current study, 34% of isolates were non-al-
bicans species. The rate of non- albicans infections is > 10% 
in specialized clinics and, occasionally, > 20% (5).

The germ tube test was found to have a sensivity and 
specificity of 84.6% and 100%, respectively (18). Hoppe et al, 
estimated specificity and sensivity as 98 % (19). Merlino et 
al., reported that all of C. albicans isolates were germ tube 
positive but two C. tropicalis gave false positive results (20). 
Although germ tube test is performed quickly, the use of 
risky sera and false positive results by C. tropicalis and C. 
dubliniensis are the major drawbacks of the test (21). Fur-
thermore, it has been stated that 5% of C. albicans isolates 
do not produce germ tubes (22). The values of Youcesoy et 
al. were lower in comparison with those of other papers. 
They explained that use of human serum; different strains 
isolated from immunocompromised patients or from pa-
tients who had therapies by antifungal drugs might be 
the reason of these values. Candida species such as C. kefyr, 
C. guilliermondii and C. tropicalis were misinterpreted as 
positive by germ tube test (21). False-negative germ tube 
findings may occur in inappropriate conditions, such as 
heavy inoculums or error in busy laboratories (23) . In 
the current investigation 5 out of 106 germ tube positive 
cases were false positive that is higher than both Merlino‘s 
and Youcesoy‘s study (20, 21).

Giraldo et al. reported that vaginal candidiasis could be 
detected in 28.8% of asymptomatic women by polymerase 
chain reaction technique and in 6.6% by culture (24). In 
the current survey, there were more women suspected to 
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C. albicans caused by vaginal candidiasis, 40.4 % (101/250) 
for PCR and 64.8 % (162/250) for culture positive vaginal 
candidiasis.

Chlamydospores are thick-walled, refractile cells of un-
known function. Staining with lactophenol cotton blue 
(LCB) facilitates differentiation of chlamydospores from 
hyphal and pseudohyphal cells (25). 53.09% (86/162) of 
isolates positive for chlamydospore test and two cases of 
false positive results were detected in the current study , 
which may be due to the technician error or other near 
species (25) that produce chlamydospore .

Although the sensitivity of the 10% potassium hydrox-
ide examination is higher, at least one third of patients 
with symptomatic vulvovaginal candidiasis will have 
negative findings with potassium hydroxide microscopy 
(5). In the current study the 10% potassium hydroxide test 
was not positive in all of samples, around 50 % (80/162) of 
samples were negative.

The basis for common techniques of fungal detection 
is isolation and culturing, identification by morphology 
and biochemical tests. Also, these techniques are labori-
ous, prone to error, need skillful technicians and the abil-
ity of the fungus to be cultured (26). New, rapid screening 
methods are being developed and increasingly used in 
all aspects of fungal diagnostics. These methods include 
immunological methods, DNA/RNA probe technology 
and polymerase chain reactions (PCR) technology (26).

Mahens et al., used PCR to differentiate C. albicans and C. 
dubliniensis (27). PCR has the potential of detection in low 
amounts of DNA and helps the rapid diagnosis of patho-
genic fungi that is critical in treatment of candidiasis. 
Also, PCR is more sensitive and specific than other tradi-
tional detection methods. PCR and molecular techniques 
may be the best choice for rapid and exact detection of C. 
albicans and other Candida species in vaginal specimens.

162 (64.8 %) cases out of 250 clinical isolates from epi-
sodes of VVC in suspected patients were yeast according 
to their wet slides microscopic phenomena. At the same 
time 162 (64.8 %) samples were confirmed as Candida by 
a primary culture method followed by different detec-
tion assays including germ tube formation [106 (65.4%)], 
chlamydoconidium formation [86 (53%)], and molecular 
studies [and 101(62.4%)] to establish identity.

In a comparison among PCR, germ tube, and chlamydo-
conidium test results, all three assays confirmed identity 
of 86 samples as C. albicans , but PCR did not confirm the 
identity of 5 and 15 samples as C. albicans in comparison 
with germ tube and chlamydoconidium tests respective-
ly , as shown in Table 1 with some additional data.
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