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       ABSTRACT 

        Background: Vulvovaginal candidiasis(VVC), or Vaginal thrush, is a vaginitis caused by the overgrowth of 

some opportunistic yeasts of the genus Candida spp. Australian Tea Tree Oil (TTO) is one of the most 

important essential oils that contain many compounds that are effective against many bacteria and fungi, 

which may match the effect of common antibiotics. 

       Objective: The aim of this study was to isolate and diagnose fungi that causing vaginal thrush, in pregnant 

women and to study the effect of (pregnancy and pregnancy sequence and age) on the rate of infection 

compared to non-pregnant, as well as to study the drug sensitivity of isolates towards a number of 

antifungal and compared that with the inhibitory effectiveness of tea tree oil. 

       Material and Methods: 75 vaginal swabs from pregnant women and 50 from non-pregnant women were 

collected at ages ranging from 17-65 years. The isolates were diagnosed using several methods, including 

the Vitek2 Compact system. 17 isolates were selected to study the inhibitory effect of ten antifungal agents, 

six of them were automatically tested by the Vitek 2 compact system, which contains a sensitivity test kit 

(AST-YS07 Card). The essential oil (TTO) was analyzed by GC-MS to detect its content of active 

compounds. The inhibitory effect of TTO was studied according to "Broth dilution" method to determine 

minimum inhibitory concentration (MIC) for it, the inhibitory effect of four concentrations of TTO (100%, 

50%, 25%, 12.5 %) was also tested according to  " well diffusion" method. This investigation also included a 

study of the mechanism of action (TTO). 

        RESULTS: The rate of infection among pregnant women was (41%) with the highest rate of infection 

during the third trimester of pregnancy, while the percentage of non-pregnant women was only 8%. 

Vaginal infection was also prevalent in the age group ranged between (17-29 years).The isolates showed 

resistance to (Ketoconazol, Terbinafine) while they were sensitive to (Nystatin, clotrimazol), as well as 

sensitive to all antifungal of (AST-YS07 Card). The analysis of the TTO using chromatogram showed that 

it contains 32 chemical compounds, most of them are monoterpene like (Terpinen-4-ol, 1, 8-Cineol). The 

MIC of TTO ranged between (4 - < 2 µl/ ml). The function of TTO is to destroy the structural structure of 

the cell membrane and change its permeability, thereby leakage of cellular components and cell death.  

       Conclusion: Pregnancy increases the rate of vaginal candidiasis in women, especially during the third 

trimester. TTO is highly effective in inhibiting the growth of opportunistic candida yeasts. 

 
       Keywords: Candida, vaginal candidiasis (thrush), pregnancy, Vitek2 Compact, Antifungal, Tea tree oil. 

 

       Introduction 

    Vulvovaginal candidias (VVC) or vaginal thrush is vaginitis is also caused by the overgrowth of some 

opportunistic yeasts of the genus Candida spp due to local or systemic factors. Local inflammatory reaction 

resulting in vaginal candidiasis, which is the second most common vaginal infection after bacterial infection 

]1,2[. Women are at higher risk for this type of infection, and many studies have reported that about 75% of 

women will suffer from (VVC) at least once during their lifetime due to several factors including : pregnancy, 

genetic factors, high estrogen oral contraceptives, corticosteroid therapy, the use of over-the-counter 

antibiotics, diabetes, as well as HIV / AIDS ]3,4[. C. albicans is the most common opportunistic colonizer of 

the vagina, responsible for most cases of (VVC) and is part of the normal flora of the human body, colonizing 

various anatomical sites such as the oral cavity, skin and vagina, in about 50% of a healthy member of the 

community without causing any health problems, but its presence is necessary for the host because it limits 

the spread of pathogenic fungi and thus enhances the immune system functions]5,6[. Many studies have 

shown that the incidence of vaginal candidiasis (VC) increases in women with pregnancy, especially during 

the last third, and this increase may be due to several reasons, the most important, change the pH of the 

vagina, increase the proportion of sugar in the vaginal secretions, and increase the level of estrogen During 

pregnancy it produces more glycogen in the vagina, which provides a good source of carbon necessary for the 

growth of Candida and germination, which leads to faster growth of yeast ]7,8,9[. Azole is a fungistatic 

agents, and is considered the essence of treatment for vaginal thrush, but it is often associated with high 
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toxicity to host tissues and drug resistance, as many studies have shown these drugs have a number of 

determinants such as their effectiveness and low solubility, so the search for natural products that are 

effective against Candida species has increased significantly recently ]10,11[. The Australian Tea Tree Oil 

(TTO) is also known as Melaleuca oil, one of the most important essential oils containing many 

therapeutically effective compounds. It has been used medically in Australia for more than 80 years and is 

extracted from the Australian plant Melaleuca alternifolia by steam distillation ]12,13[. Numerous studies 

have shown that antioxidant activity (TTO) against many bacteria and fungi is comparable to the effects of 

common antibiotics due to its content of many cyclic terpenes, such as Terpinen-4-ol and 1,8- Cineol and α-

pinen ]14,15,16,17[. 

 

This study aimed to:  
1- Isolate and identification type of yeast that causing vaginal thrush in pregnant women. 

2- Study the impact of pregnancy and the sequence of pregnancy and the age on the infection rates.  

3- Study the inhibitory effect of antifungal on the isolates and to compare the inhibitory effect of the Australian 

tea tree oil (TTO).  

4- Study mechanism of action of (TTO) in which it inhibits the growth of yeasts.  

 

Materials and methods 

   Sampling: 125 vaginal swabs (VS) were collected during the period from October 1, 2018 to March 1, 2019 

from the Women's Consultation of Salah al-Din General Hospital / Tikrit, and some private women's clinics 

in the city, including (75 VS) from pregnant women and (50 VS) from non-pregnant women. The age of 

women ranged from 17-65 years. The samples were transferred directly to the laboratory and transplanted on 

Sabouraud Dextrose Agar Medium (SDA). The plates were incubated at 37 ° C for 24-48 hours ]18,50[. The 

women were considered infected when the number of colonies in each implant per clinical sample was more 

than 10 colonies ]31[. After isolation and purification, the samples were diagnosed according to the following 

methods : 

1- Phenotypic characteristics and microscopic examination: After isolation on SDA medium and 

incubation at 37 ° C for 48 hours, the colors and shapes of the colonies growing on the medium were 

observed and examined under a microscope to observe the forms and sizes of yeast cells using the 

taxonomic keys ]19[. The cells were then dyed with Gram’s stain to reveal the dye-positive cells and 

to observe the forms of yeast cells and pseudohypha ]20[.  

2- Test tube germination: 0.5 ml of human serum was placed in sterile test tubes and then inoculated 

with a small part of a growing colony on the medium SDA and incubated at a temperature of 35-37° 

C for a period of 2-4 hours, took a drop of suspended and examined microscopically under the X40 

magnification to observe the presence of sprout-like cells in the form of a hand mirror, this test is 

used to distinguish C. albicans and C. dubliniensis.  

3- Diagnosis of the isolates in differential medium HiCrome Candida Differential Agar: Is a 

selective medium works to isolate and develop yeast, and identify colonies belonging to the isolates 

of Candida and differentiate their types according to the form and color of colonies The test was 

conducted according to the instructions of the company equipped (HiMedia, India).  

4- Vitek2 Compact Isolation Diagnosis: This test was carried out by the Vitek 2 Compact diagnostic 

system and is equipped with (BioMérieux, Marcy-l'Étoile, Franc), a fully automated diagnostic 

system based mainly on a range of biochemical reactions and which gave accurate results within 

hours ]21[. 

 

Isolates sensitivity to a number of antifungal agents: The sensitivity of 17 isolates (including all isolated 

species) was tested for two antifungal groups, where the sensitivity of isolates to the first group of antifungal 

agents (Nystatin, Clotrimazole, Ketoconazole and Terbinafine) were tested by broth dilution method ]22,23[. 

The second group of antifungal agents (Amphotericin B, Caspofungin, Fluconazole, Flucytosine, Micafungin, 

Voriconazole) were tested for isolation sensitivity completely by the Vitek 2 compact system, which includes 

an allergy test kit (AST-YS07 Card) which includes isolates sensitivity test for six types of antifungal and 

each specific concentrations distributed within the wells card where the result was read by the device after lap 

according to changes in turbidity after isolates growth ]24[.These antifungals were selected for the purpose of 

testing their effectiveness against isolates because it used in the therapeutic field against diseases caused by 

Candida spp. , they are commercially available and their prices are acceptable. 
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Tea Tree Oil (TTO) 

1- Analysis of essential oil of TTO and detection of its content of active compounds using gas 

chromatography (GC) connected to Mass Spectrometry: Determination the chemical composition of 

essential oil (TTO) that provided from (Tea Tree, Uk) was carried in the laboratories of the Department of 

Environment and Water / Environmental Research Center/Iraqi Ministry of Science and Technology by using 

GC -MS type (Shimadzu GC-2010 plus) according to the method recommended ]25[. The components were 

determined according to GC-MS mass spectrometry interpretation using the National Institute of Standard 

and Technology (NIST) database with more than 62,000 known patterns and comparing the resulting 

spectrum of the unknown component with a range of known components stored at the (NIST) library. 

  

2-Isolation Sensitivity Test for Tea Tree Oil (TTO): The inhibitory effect of tea tree oil on 17 isolates was 

studied by determining the lowest oil inhibitor concentration (MIC) according to the broth microdilution 

method ]23[, after dilution of the TTO by organic solvent Tween 80 (Sigma, USA) and by (1/1 volume) in 

order to increase the solubility of TTO and ease of mixing with the medium, a series of halves (128, 64, 32, 

16, 8, 4, 2) of the previous mixture (TTO + Tween80) were used in determining the MIC of oil. The 

sensitivity test was conducted according to the 'well diffusion' method (WD) according to ]26, 27[, where 

four concentrations of TTO were tested (100%, 50%, 25% and 12.5%) and the effectiveness of each 

concentration was determined by measuring the diameter of the inhibition zone. If found, the inhibition zone 

is a Fungal growth  free zone and the inhibition diameter above 12 mm was considered an indication of the 

high efficacy of the tested antibiotic ]28[. 

3-Detection of the mechanism of the action of the Tea Tree oil (TTO) as an antifungal: The mechanism 

of the action of the TTO against Candida spp. was studied in according to ]29,30[, by treating yeast cells at 

slightly higher concentrations of minimum inhibitory oil concentration for 1- 4 hours, then assessing changes 

in membrane permeability through measuring leachate absorption (treatment solution after filtering cells) and 

comparing it to control samples (treatment solution without yeast cells), where the increase in absorption 

values express the leached cellular components that absorb light at a wavelength of 260 nm (OD260) and over 

varying periods of time.  

 

Statistical analysis: Statistical analysis was conducted using the Minitab (version 17) software, using Chi-

Square and F-test, where the averages were compared with Duncan's Multiple Range Test (DMRT). 

 

Results and Discussion 

  The results showed that (35) vaginal swabs (28%), of (125) swabs showed a positive result of laboratory 

implantation compared to (90) swabs (72%) showed a negative result, and this may be due to the great 

similarity in clinical symptoms between Vaginal candidiasis and bacterial vaginosis that leading to a negative 

result of laboratory implantation is not consistent with the clinical diagnosis. 

The relationship between vaginal candidiasis and pregnancy: The infections rates among the pregnant 

women were significantly higher than the non-pregnant women, this result agreed with ]9[. During 

pregnancy, the vagina is more sensitive and susceptible to infection, this may be due to decreased immunity 

in pregnant women for a long time, as well as, pregnancy hormones is increased levels of glycogen in vaginal 

secretions during  pregnancy,that play a role in changing the microbial community of the vagina and promote 

colonization by Candida. 

 

Table (1-1): Percentages of Infection in Pregnant and Non-Pregnant Women 

 

Category 

 

 

 

the number 
 

% 
Number and percentage of positive swabs for laboratory 

transplantation 

Number % 

Pregnant 57 06% 13 3311% 

Non-pregnant 76 36% 3 8% 

Total 327 366% 17 28% 

** 

Chi-Square = 16.534  P-Value = 0.0006 
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The relationship between infection and pregnancy sequence: The results showed that the highest rate of  

infection with (VVC) in the pregnant group was during the third trimester of pregnancy (7-9 months).This 

result was consistent with other investigations [32, 33] that showed that the vagina becomes less acidic and 

less able to fight infection. 

 

Table (1-2): Percentage of infection among pregnant women according Pregnancy Sequence 

Pregnancy 

Sequence 
Number and incidence rates among pregnant women according to the sequence of 

pregnancy 
the number % 

(0-3) 1 818% 

(4-6) 2 013% 

(7-9) 20 8118% 

Total 13 366% 

** 

Chi-Square = 53.516 P-Value = 0.0009 

 

   The relationship between injury and age group: The highest rate of infection was in the age group 

between (17-29 years), where the rate of infection was 64.5%, while the lowest rate of infection was in the 

age group between (40-50 years), where the rate of infection was 6.4%. These results were clearly 

demonstrated in Tables (1-3), and the results were agreed with results of other researchers ]34,35[,which 

indicated that women  in this age group are at the peak of their reproductive years and sexual activity, and 

most of them use oral (drug) or uterine contraceptives, which puts them at greater risk of infection than 

others. 

Table (1-3): Percentages of infection according age group 

Age Group 

(Year) 

Number and proportions of women with vaginal candidiasis 

Pregnant  % Non-pregnant % Total 

17-29 

16-39 

40-49 

26 

8 

2 

0317% 

28% 

013% 

2 

3 

3 

76% 

27% 

27% 

22 

36 

1 

 13 366% 3 366% 17 

Ns 

Chi-Square = 1.561   P-Value = 0.462 

 

Cultural Characteristic: The isolates developed on the medium of the solid Sabouraud dextrose agar (SDA) 

appeared in the initial isolation, in the form of white to cream-colored colonies, circular, convex, smooth 

butyrous texture. With the exception of four isolates, dry, wrinkled colonies with pale white edges were 

shown. These qualities were identical to those of yeasts demonstrated by [36] and Figure (1-1) illustrated the 

shape of the colonies. 

 

 

 

 

 

 

Figure (1-1): Forms of growing Khmer colonies on Sabouraud Dextrose Agar medium (SDA) for 48 hours at 37 °C 
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Microscopy: Yeast isolates were examined microscopically after staining with methyl blue and Gram stain, 

where the yeast cells appeared spherical to oval or elongated, budding and different sizes. The presence of 

pseudohypha and blastospores. All the isolates showed a positive result of the Gram stain, these are the 

characteristics of the yeasts shown by [37].  

Germination tube test: (22) isolates showed positive result of this test among (34) isolates really (62.8%), 

while (13) isolates showed negative result of the test (37.1%). Growing cells were observed in a mirror-like 

manner as described ]38[ and illustrated in the Figure (1-2). 

 

 

 

 

 

 

Figure (1-2): Formation of germination tube (indicator) of a growing yeast cell in human serum (40 x) 

Relationship between infection and isolated species: The results of the diagnosis showed that (7) species 

belonging to the genus Candida spp., and specifically type C. albicans ranked first among the isolated 

species, where the number of isolates (26) isolation of the total (35) isolation, or by (74.2%), while the 

proportion of other species combined (20%), Figures (1-3) shows that the isolated species and their 

percentages. This result was consistent with other study ]31, 27[  

 

Figure (1-3): Types of diagnosed isolates and their percentages 

Drug sensitivity test for isolates against a number of antifungal agents 

1- Broth dilution method: The results showed that Nystatin was the most effective on the isolated with MIC 

(2-16 µg / ml). Clotrimazol was the second most effective with MIC (> 0.5-8 µg / ml). Furthermore ,the 

results showed that only four isolates were resistant, while most  of the isolates showed clear resistance to 

Ketoconazol and Terbinafine with MIC (8-64 µg/ml) and (16-128 µg/ml) respectively. The results were 

consistent with other study ,ki797]27[, and disagreed with ]39[. The difference in the identification of MIC 

antifungal between different studies may be due to the difference in the therapeutic efficiency of antifungal by 

different manufacturers. It can also be due to the widespread and indiscriminate use of antifungals leading to 

differences in sensitivity between species within the same genus, as well as within the same species, this 

could allowed to emerge of new genotypes which were different than wild strains]40,41[. 

2- Vitek2 Compact Sensitivity Test: The results of this test showed that most of the isolates under test were 

sensitive to the group of antifungal included in the test card (AST-YS07 Card) and some of them showed 

74.2 
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moderate sensitivity with a slight increase in the MIC values of some antifungal by non-albicans candida 

species (NACsp). as shown in Table (1-4).  

 

Table (1-4): Sensitivity of Isolates to Some antifungal and minimum inhibitory concentration by Vitek2 Compact 

System 

Isolation Number The sensitivity of the isolates towards some antifungals and their  minimum inhibitory 

concentration (MIC µg/ml) 

AB CAS FLU FCT MCF VRC 

C. albicans 10  =<6127 – 3 <= 0.25 <=1 - 8 <=1 - 30 <= 0.06 – 6132 <= 0.12 - 0.25 

C. glabrata 2 0.5-3 <= 0.25 3 <=1 <= 0.06 <= 0.12 

C. kefyr 3 0.5 <= 0.25 <=1 <=1 0.12 <= 0.12 

C. rugosa 3 2 <= 0.25 30 30 0.12 <= 0.12 

C. krusei 3 2 <= 0.25 30 30 0.12 <= 0.12 

c. parapsilosis 3 2 <= 0.25 30 30 0.12 0.25 

C. famata 3 2 <= 0.25 30 30 0.12 <= 0.12 

 

 AB: Amphotericin B, CAS: Caspofungin, FLU: Fluconazole 

 FCT: Flucytosine, MCF: Micafungin, VRC: Voriconazole 

 Blue color means that the isolates are moderately sensitive to the anti-inermediate. 

 Lack of blue color means that isolates are sensitive to susceptible 

 

Tea Tree oil (TTO) 

Tea Tree oil analysis: The chromatogram of the TTO showed that it contains 32 chemical compounds, 

mostly monoterpene and sesquiterpene, which represented about 90% of the chemical composition of the oil. 

The main component of the essential oil under study is (1,8-Cineol). It constituted 67.2% of the total area of 

the essential oil chromatogram. Followed by the compound (Terpinen-4-ol), which constituted an area of 

(6%) as well as oil contains varying proportions of (α-pinen, γ-Terpinen, Terpinolen, Champhor, Limonene 

dioxide, α-terpineol). Considerable attention was given to any of the components of TTO responsible for 

antimicrobial activity. Early indications were that most of the activity could be attributed to terpinen-4-ol and 

α-terpineol ]42[. Data available today confirm that these two components contribute significantly to 

antibacterial and antifungal activities in oil ]43,44[. Hammer et al. [30] also demonstrated that 1,8-Cineol and 

terpinen-4-ol increase the permeability and fluidity of the membrane, which may form the basis of tea tree oil. 

He also pointed out that many components of TTO share the anti-oil effect, but differ in their patterns of 

action against yeasts and that TTO has several mechanisms of antifungal action, which need more studies to 

understand it clearly ]30[. 

Determination of Minimum Inhibitory Concentration (MIC) of Tea Tree Oil (TTO): The results showed 

a clear effect of (TTO) on all isolates included the test and MIC ranged between (4 - < 2 µl / ml) and without 

statistical significant differences in different species sensitivity. These results are agreed with other markers 

]40,14[. 

Isolation sensitivity test to tea tree oil by well diffusion method: Tea tree oil has shown an inhibitory 

effect of yeast growth of all isolated Candida spp. that included in the test without exception, Table (1-5) and 

Figure (1-4) representing these results..These results are agreed with ]40,45[. 
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  Table (1-5): Effect of Tea Tree Oil (TTO) on Candida Genus under Study by 'well diffusion' method (WD) 

Isolates Inhibition Diameter Rates (mm) Cont+ 

366% 76% 27% 3217% 

C. albicans 37 

aE 

33 

bF 

32 

Bd 

36 

bD 

0.0 

C. albicans 22 

aCD 

33 

bDE 

37 

bBC 

37 

bAB 

0.0 

C. albicans 25 

aB 

35 

bcABC 

38 

bA 

37 

cAB 

0.0 

C. albicans 15 

aA 

30 

bcBCD 

38 

bA 

37 

cAB 

0.0 

C. albicans 23 

aBC 

38 

bAB 

38 

bA 

37 

cAB 

0.0 

C. albicans 26 

aCD 

38 

abAB 

38 

abA 

35 

bA 

0.0 

C. glabrata 38 

aDE 

37 

bCDE 

31 

bcCD 

33 

cCD 

0.0 

C. glabrata 23 

aBC 

38 

bA 

35 

bcAB 

37 

cAB 

0.0 

C. albicans 28 

aB 

30 

cBCD 

38 

bA 

35 

bcA 

0.0 

C. kefyr 36 

aA 

38 

bA 

35 

bAB 

31 

cBC 

0.0 

C. albicans 25 

aB 

37 

cCDE 

38 

bA 

30 

bcA 

0.0 

C. rugosa 18 

aA 

30 

bBCD 

33 

bCD 

33 

cCD 

0.0 

C. krusei 23 

aBC 

37 

cCDE 

38 

bA 

30 

bcA 

0.0 

C. albicans 22 

aCD 

33 

cDE 

35 

bAB 

30 

bcA 

0.0 

C. albicans 38 

aDE 

31 

bEF 

37 

bBC 

36 

cD 

0.0 

C. parapsilosis 38 

aDE 

33 

cF 

33 

bCD 

33 

cCD 

0.0 

 

 Similar capital letters in one column mean that there are no statistical differences between them 

 Horizontally similar lowercase letters mean that there are no statistical differences between them 

 Each transaction represents an average of three replicates per replicate one dish. 

 

 

 

 

 

 

 

 

 

 

 

 

             

 

 

                        Figure (1-4): Inhibitory effect of four concentrations of TTO (100%, 50%, 25%, 12.5%) on candida albicans 
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Detection of the mechanism of action of tea tree oil (TTO) as an antifungal: The results of the statistical 

analysis showed that there are significant differences between the absorption values of the treatments 

recorded  during the time periods (0, 120 and 240 minutes) ) in comparison with the control sample. Increased 

absorption values were observed as the treatment time increased (Figure 1-5). It is believed that the increase 

in (OD260) values is due to the leakage of cellular components of treated yeast cells, which absorb light at 260 

nm wavelength, as a result of the destruction of the membrane structure and its increased permeability. Which 

is one of the most effective compounds involved in the structure of (TTO), where Terpenes (especially cyclic 

monoterpenes) due to their lipophilic nature, tend to interfere between the chains of fatty acyl that is 

composed of membrane lipid bilayers, which leads to stretch the membrane and increases its permeability 

then destroy it ]46,30,47[. The result agreed with many of the results of similar studies, including  ]30,48,49  [ . 

 

Figure (1-5): Increase in Absorption Values (OD260) of the treatments filtration In comparison with Control 

Sample (p <0.05) 
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