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Abstract: The prevalence percentage of vaginal candidiasis appeared to be 49% witlun Egyptian pregnant
women suffering from vaginal pain and vaginal discharge. The 61.2% of the 49 patients were multigravidae and
almost in the age range 20-30 years. Based on phenotypic and biochemical characteristics, the nfective 49
1solates causing vaginal candidiasis could be classified and identified to C. albicans group (32 isolates),
C. tropicalis group (12 1solates) and C. dubliniensis group (5 1solates). Three strains of them viz. C. albicans
ZUH,, C. trobicalis ZUH,,; and C. dubliniensis 7Z1UH, were resistant to 6 antifungal agents used and the
antifungal resistance ability in each of them was genetically encoded and linked to one plasmid in each of them,
almost n the range 600-800 bp. Of many natural agents used as antifungals, aqueous extracts of alum and clove
mhibited vigorously the antifungal resistant strains: C. albicans ZUH,, C. trobicalis ZUH,; and C. dubliniensis
ZUH,; no colony forming units were detected onto Sabouraud agar after 5 days of incubation from samples
treated with either alum or clove extracts.
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INTRODUCTION

Candidiasis 18 a fungal disease caused by Candida
sp. which is predominantly common in immuno
compromised individuals and also a known causative
agent of vaginal candidiasis in pregnant women (Chengo,
2012). Vaginal candidiasis is common and frequent
disease among women during their child bearing age;
women with this age group face at least one episode of
vaginal candidiasis in their lifetime (Aslam et al., 2008).
Number of gravida and stage of trimester have been
associated with development of vaginal candidiasis.
Studies showed that women in their 3rd trimester and
multigravidae women had the highest rate of candidiasis
occurrenice (Aslam et al., 2008). Pregnant women are
more susceptible to many diseases including candidiasis
due to immune suppression and hormonal imbalance;
progesterone and estrogen are the known hormones that
are elevated during pregnancy. Consequently, studies on
prevalence of vaginal candidiasis among pregnant women
are necessary and must be continued.

Several new antifungal agents have become available
for the treatment of vaginal candidiasis (Tobin, 1995). The
available therapeutic agents for treatment of vaginal
candidiasis offers few options and include compounds of

polyenes and azoles. However, newly resistant strains of
Candida sp. were isolated from pregnant women suffering
from vaginal candidiasis (Liu ef al., 2005). This makes a
necessity to continue research to understand the genetic
linkage of the antifungal resistance ability and to find out
natural extracts effective in mhibition of Candida sp.
Alum (aluminium potassium sulphate) has recommended
as category I active ingredient in mouthwashes by FDA
(Olmez et al., 1998). Also cloves (Zyzygium aromaticum)
extract was reported to inhibit bacterial and fungal
pathogens (Alta’ee et al., 2014). Those two natural agents
were used with other natural agents in this study as an
antimycotic agent.

The present research was undertaken to study the
prevalence of candidiasis among pregnant Egyptian
womern, study the sensitivity of causal pathogens of
candidiasis to some antifungal agents with selection and
studying the resistant strains and to study the inhibition
of the isolated multidrug resistant Candida strains by
aqueous extracts of potassium alum and cloves.

MATERIALS AND METHODS

Isolation of Candida sp.: A population consisting of 100
preghant women that were admitted to Zagazig University
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Hospital, Zagazig, Egypt were choosed as all of them
were suffering from vaginal pain and vaginal discharge.
Samples of vagmal fluids were taken by cotton swabs and
were streaked onto Sabouraud agar (Hi-media). After
mcubation at 37°C for 3-5 days, smgle colomes appeared
were picked up, purified on the same medium and were
then streaked on slope cultures of Sabouraud agar.

Tdentification of Candida isolates: Fourty nine isolates
were isolated on Sabouraud agar. They were subjected to
identification studies. They were examined under light
microscope to show the budding cells with or without
pseudohyphae, blastospores and germ tubes (Milne and
Mitchell, 1998). Also Gram reaction and growth of isolates
on Bismuth sulfite Glucose Glycine Yeast (BIGGY) agar
was carried out to differentiate among yeast species
(Ingham ef al., 2012). In addition, biochemical tests and
carbohydrate fermentation profiles were studied using
Hi-Candida™ APT identification kit (KB0OO6 Hi-Candida™
identification kit, India).

Antifungal susceptibility test: This test was carried
out by well diffusion assay wusing six different
antifungals  including  fluconazole,  clotrimazole,
itraconazole, ket oconazole, amphotericin B and nystatin
(Pfaller et af, 2010). Results were taken according to
National Committee for Climical Laboratory Standard
(NCCLS, 2004).

Induction of mutation in the identified Candida strains
and plasmid profile: Three Candida strains: C. albicans
ZUH,, C. tropicalis ZUH ; C. dupliniensis ZUH swere
showed to be resistant to antifungals used. Elimination of
the antifungals resistance ability was studied using
elevated temperature. The above three Candida strains
were grown at 40°C and colonies appeared were grown at
41 and 42°C. The colonies grown were picked up and
assayed again for their sensitivity to antifungals used
(Enan et al., 1996). Plasmids were extracted from the wild
strains and their mutants and agarose gel electrophoresis
was carried out as described previously (Sambrook et af.,
1989). The 25 uL of taking dye were added to 100 uL of
plasmid DNA preparation. The sample was loaded on
0.7% agarose gel in Tris-EDTA buffer pH 8.2 and
electrophoresis was conducted at 100 Volt for 1-2 h. The
gel was stained in EtBr (0.5 g mI.™") for 15 min., destained
in 1 mM Mg3O, for 30 min, photographed by gel
documentation system.

Preparation of aqueous extracts and inhibition of
the experimental Candida strains: Alum material

(aluminium potassium  sulfate) was provided from
Alexandnia Company, Egypt. Two concentrations of alum
were prepared (3 and 5%) w/v. Clove plants used m this
study were obtamed from local market at Zagazig City,
Egypt, 2013, immersed in distilled water and left for 24 h.
This content was mixed by the blender and filtered to
remove the large un-homogenized particles to get clear
aqueous extract. Two concentrations (3 and 5%) were
prepared and kept in refrigerator (Ismaiel ef al., 201 4). The
Maximum Inhibitory Concentrations (MIC) of acqueous
extract of alum and clove were determined by critical
dilution assays using the experimental Candida sp. as an
indicator orgamsm (Ismaiel ef al, 2014). The lowest
concentrations of both aqueous extracts that inhibited
visible growth were the MIC.

Qualitative inhibition of both alum and clove
aqueous extracts was studied by the agar well diffusion
assays (Ismaiel ef a@l, 2014; Enan et al, 2014a, b).
Quantitative mhibitton of Candida sp. in vitro by
aqueous extracts of both alum and clove was
studied (Ismaiel et al., 2014; Enan et of., 2014a, b). A
of test tubes; containing 10  ml,
Sabouraud broth (Hi-media) were prepared, inoculated
with almost 4-4.5x10° CFU mL. ™" of the tested Candida sp.
(C. albicans 7UH,, C. trobicalis ZUH,,, C. dubliniensis
ZUH,). The inoculated and treated tubes were incubated
at 37°C for 3-5 days and then colony forming umts were
determined.

series each

RESULTS

One hundred pregnant women suffering from vaginal
pain and vagmal discharge i general, admitted to Zagazig
University Hospitals, Zagazig, Egypt were subjected to
microbiclogical analysis based on requests of physicians
to find out the existence of vaginal candidiasis which was
detected in only 49 patients of them as their cultures of
their vagmal fluids showed fungal growth by prevalence
percentage of vaginal candidiasis around 49% within
patients tested. Other patients appeared to be infected by
other microbial or protozoan mnfections. The 49 cases were
diagnosed by physicians as vaginal candidiasis based on
culture results and other symptoms such as itching,
irritation, painful micturation, dyspareunia and vaginal
soreness. Out of the 49 vaginal candidiasis cases, 5; 29;
15 cases were in the age range (year) 16-20; 21-30; 31-40,
respectively. Also 19 cases; 30 cases of the 49 cases
tested were primigravidae; multigravidae by occurrence
percentage of 38.8 and 61.2%, respectively.

It was necessary to identify the 49 fungal 1solates
causing vagmal candidiasis. All the 49 1solates were



Res. J. Med. Sci., 9 (1): 1-7, 2015

examined under microscope. All of them showed budding
cells and pseudohyphae but only 37 1solates formed germ
tubes. A key for differentiation of the experimental
Candida solates was designed and showed in Fig. 1. The
experimental isolates could be differentiated into three
groups. Group 1 include 32 isolates which formed
brownish-black colonies on BIGGY agar media and formed
germ tubes and could be follow C. albicans. Group 2
mclude 5 solates which grew on BIGGY agar media and
formed light brown colomes and those could be classified
as belonging to C. dubliniensis. Group 3 include 12
isolates, all of them did not form germ tubes and could be
clagsified as C. tropicalis.

The biochemical identification of the 49 Candida
1solates was carried out using API identification kits
(KB006 Hi-Candida™ i1dentification kit, India). Results are
given in Fig. 2. APT identification confirmed that the
groups 1, 2, 3 of Candida isolates which included 32, 5,12
isolates could be classified and identified as belonging to
C. albicans, C. dubliniensis, C. tropicalis, respectively.
The prevalence percentages of C. albicans, C. tropicalis,
C. dubliniensis were 65.3, 24.5 and 10.2%, respectively
within 49 isolates identified herein (Table 1).
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Fig. 1: Key for prelimmary differentiation of the 49
Candida isolates obtained

The antifungal resistance profiles of the 49 Candida
strains were studied. Only three strains: C. albicans
ZUH,, C. trobicalis ZUH,, and C. dubliniensis ZUH,
were multidrug resistant as they were resistant to the 6
antifungals used. To understand the genetic linkage of
the antifungal resistance ability within their strains,
mutation of them were obtained by their growing and
subculturing at 42°C. The mutants obtamned rendered
sensitive to almost 50% of antifungal drugs used.
Plasmid profiles of wild strains and their mutants were
obtained in Fig. 3. Tt was obvious that the plasmid
profiles of C. albicans ZUH,, C. tropicalis ZUH,; and
C. dubliniensis 7UH, wild strains are different from that
showed for their mutants. One plasmid in each Candida
mutant strain tested of a molecular size almost 600-800 bp
was deficient. This clearly indicated that the antifimgal
resistance ability in the wild strains of Candida is linked to
gene(s) located in this deficient plasmid but not due to
other factors such as modification of cell wall or specific
site(s) receptors.
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Table 1: Prevalence of Cardlichs species in both pregnant women (subject study) and total Candida species obtained

No. of Candida species

Candida species obtained (%0)

Percentage within total
Candida species (%)

Percentage of Cardlicla
species with total samples (©6)

Candida albicans 32
Candida tropicalis 12
Candida dubliniensiy 5

Total number 49

65.3 32
24.5 12
10.2 5
100.0 49
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Fig. 3: Agarose gel electrophoresis of chromosomal DNA isolated from both wild stramns and their mutants obtained after
curing by elevated temperatures. Lane 1: standard DNA; Lane 2 and 3: Candida albicans ZUH, before
and after curing, respectively; Lane 4 and 5: Candida tropicalis ZUH,, before and after curing; Lane 6 and 7:

Candida dubliniensis ZUH, before and after curing

(3) C. dubliniensis

(1) C. albicans (2) C. tropicalis

(4) C. albicans (6) C. dubliniensis

(7) C. albicans (8) C. tropicalis (8) C. tropicalis

Fig. 4 Inhibition of Candida species by agar well diffusion assay by different essential oils and alum. The 1, 2, 3: clove
oil; 4, 5, 6: alum; 7, 8, 9: one example of an essential oils (olive oil) without effect

Tt was necessary to inhibit such antifungal resistant solution; clove extract were 1.5 and 2%, respectively.
Candida strains. Natural agents such as potassium alum Consequently, 3 and 5% w/v of both of them were used.
and clove were used. The MIC values for aqueous alum Figure 4 showed the mhibition of the tlree multidrug
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Fig. 5: Inhibition of Candida strains by natural agents: a-c) growth (CFU/mL) of C. albicans ZUH,; C. tropicalis ZUH,,
and C. dubliniensis ZUH, treated with clove extract; d-f) growth (CFU/mL) of C. albicans ZUHI, C. tropicalis
ZUH,s; C. dublin-iensis ZUH, treated with aqueous alum extract

resistant Candida strains used by 5% w/v aqueous extract
of either alum or clove. Diameter of mhibition zone ranged
from 18-30 mm.

The quantitative inhibition of multidirug resistant
Candida strains by aqueous extract (3 and 5% w/v) of
either alum or clove 13 given in Fig. 5. Viable cell
populations in control experiments of the three multidrug
resistant Candida strains tested increased from almost
4.6x10° CFUmL ™" to almost 10° CFU mL ™" within 4 days.
However, in treated and moculated samples growth of
multidrug resistant Candida strains tested (CFU/mL)
declined rapidly almost two log cycles within 4 days and
no growth of the three multidrug resistant Candida strains
tested was detected m the 5th day of mcubation of
samples treated with 3% w/v of all treatments. No growth
of all three multidiug resistant Candida strains tested after
almost 4 days from samples treated with 5% w/v aqueous
extract of either alum or clove.

DISCUSSION

The lgh prevalence of vaginal candidiasis among
pregnant women makes an interest to study the behaviour
of its causal pathogens and their susceptibility to
antifungals. This is necessary to design an effective
treatment programmes. The prevalence percentage of
candidiasis m pregnant women suffering from vaginal
pain and/or vaginal discharge appeared on this study was
49%. Previous published results by Kamara et al. (2000)
and Njunda ef al. (2012) showed that the percentage of
mcidences of candidiasis within pregnant women were of
about 30.7 and 60%, respectively. The prevalence of
vaginal candidiasis among pregnant women is a variable
property due to many reasons such as personal hygiene,
diagnostic facilities, dietary habits, levels of reproductive

hormones, prolonged use of antibiotics which kill the
good and beneficial bacteria which are not fixed criteria in
all women.

It was showed previously that the age of the patient
possessed certain relation with spreading of vaginal
candidiasis (Oyewole et al., 2013). Higher percentage of
vaginal candidiasis prevalence was showed in this study
inthe age group 21-30 years and this is similar to previous
published results in this respect (Willacy and Jackson,
2011). This is because the hormonal mileau of the
vagina during pregnancy in this age can affect
Candida colonization and serve as risk factors for this
phenomenon and thus women of childbearing age
groups are more vulnerable to vaginal candidiasis. The
higher progesterone secretion in the age group 20-30
has suppressive effects on the anti-Candida activity of
neutrophiles and formation of yeast blastospores are
increased by this hormone (Fidel Ir., 2005; Isibor et af.,
2011).

Among 49 pregnant women which were found to be
positive with vaginal candidiasis, 30 cases of them
(61.2%) were found to be multigravidae (women that have
experience of more than one pregnancy) while 19 cases
(38.8%) were found to be primigravidae (women with
first pregnancy). This high prevalence among the
multigravidae may be due to long sexual history and use
of contraceptives and antibiotics were considered as
important risk factors associated with vaginal candidiasis
(Neerja et al., 2006). Tt was shown herein that the pregnant
women in the third triumester have the highest occurrence
of Candida infection (59.2%); this is in conform to
previous published results which showed that the
hormonal factors in the third trimester could enhance
vaginal candidiasis (Aslam et al., 2008).

The 49 Candida isolates obtained in this study were
prelimmary, characterized by their growth on Sabouraud
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agar, Gram staining and appearance of pseudohyphe and
blastospres under light microscope. Previous results
characterized Candida isolates by similar taxonomic
criteria. Species differentiation was carried out by growth
of isolates on BIGGY agar (Hi-media), germ tube formation
and API identification kits (KB00O6 Hi-Candida™
identification kit, India). Out of the 49 Candida isolates, 32
1solates (65.3%) were identified as C. albicans. This
was followed by non-albicans species which were
C. tropicalis, 12 isolates (24.5%) and C. dubliniensis, 5
1solates (10.2%). C. albicans was the predominant species
because 1t was reported to be the more adhesive species
than other non-albicans species and hence can attach
epithelial and smooth tissue by a more capability than
other non albicans species (Milne and Mitchell, 1998,
Grigoriou et al., 2006).

Three Candida strains . albicans ZUH,,
C. trobicalis ZUH,; and C. dubliniensis ZUH were
resistant to the six antifungal drugs used and the
antifungal resistance ability was reported previously for
similar Candida species. Reasons of resistance was due
modification of specific site(s) receptors or due genetic
reasons (Akims, 2005). To understand the genetic hinkage
of the antifungal resistance ability, mutants of the
antifungal resistant strains (ZUH,, ZUH,,;, ZUH,) were
obtained by growth of those
temperature m a way similar to previous published work
i this respect. Plasmid profiles of the wild strains
(antifungal resistant strains) and their mutants were
carried out. About three plasmids were showed in wild
strains with varying base pairs and one plasmid of almost
800, 600 and 500 bp was deficient or diffused in plasmid
profiles of mutants of ZUH,, ZUH,,, ZUH, strains,
respectively indicating that those deficient plasmids were
the genetic determinants of the antifungal resistance
ability. This 13 in conform with previous results in this
respect which confirmed the existence of plasmids in
Candida isolates and such plasmids were the responsible
for genetic linkage of the antifungal resistance ability
(Vandeputte ef af., 2012).

Due to selection of antifungal resistant strains of
Candida sp. causing vaginal candidiasis and based on
the mcreasing side effects of chemical antifungals, novel
antifungal therapies with fewer side effects on humans
like different essential oils or natural chemical agents like
potassium alum were used in this study for inhibition of
in vitro growth of the antifimgal resistant Candida
species tested. From different natural essential oils used,
aqueous extract (3 and 5% w/v) of cloves showed
significant inhibition of the antifungal resistant Candida
stramns tested (ZUH,, ZUH,;, ZUH,). Also, aqueous
extract of alum inhibited these strains significantly.

strains at elevated

Growth of Candida strains tested recorded zero within
6 days of mcubation mn all treatments. Potassium alum was
known to decrease the free vaginal fluids which lowers
vaginal water activity and this prevents proliferation of
vaginal candidiasis by increasing bound water around
potassium  alum and limiting metabolic activity of
Candida species m such environment (Alta’ee ef al.,
2014). The antifungal activity of clove was reported to be
due to phenolic compounds such as hydroxibenzoic
acids, gallic acids and eugenole which is the main
bioactive compound. It was reported that eugenole and
other phenolic compounds of clove can denature proteins
and react with cell membrane phospholipids changing
their permeability and inhibiting pathogenic bacterial and
fungal organisms (Flayeh, 2010; Mohammad, 2013;
Enan et al., 2014a, b). Further resaerch will be necessary
to study the effect of both clove oil and aqueous extracts
on candidiasis in vivo.

CONCLUSION

Three multidiug resistant Candida strains were
1solated and characterized from women infected with
vaginal candidiasis. The genetic linkage was plasmid
encoded in each of them. They were inhibited vigorously
by 5% aqueous extract of both potassium alum and clove.
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