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Abstract 

Several Candida species are part of the normal human microbiota. One of the main characteristics of Candida is its ability to 

form highly drug tolerance biofilms in the human host. The antifungal therapeutic options are still limited to only a few drug 

classes, none of which fulfils all desired expectations. Systemic Candida infections demonstrate the advantages of combined 

therapies carried out with combinations of at least two different antifungal drugs, or/and combinations with natural antifungal 

agents such as essential oils (EOs), peptide molecules etc. In this work we evaluated the antifungal effect of thyme and oregano 

essential oils against C. albicans ATCC10231 and their potential synergistic interactions with frequently used antifungal agents – 

nystatin and fluconazole. Synergic interactions between nystatin and fluconazole and EOs were determined by the checkerboard 

microtiter assay. The results of the study showed that fluconazole has a synergistic effect with Thymus vulgaris EO in 

combination with 9.37 μg/mL antifungal and 2 μg/mL essential oil, respectively (FIC index values 0.49). In combination with 

other concentrations of antimicrobial agents, the effect is additive or interfering. Fluconazole did not show a synergistic 

interaction with oregano EO at any of the combinations in different concentrations of antimicrobial agents (FIC index values 

0.75). The MIC of fluconazole was again reported as 37.5 μg/mL and that of oregano EO - 16 μg/mL. Our findings showed an 

experimental occurrence of a synergistic interaction between and oregano EO and nystatin, thyme EO and nystatin and between 

fluconazole and Thymus vulgaris EO.  

 

Rezumat 

Infecțiile sistemice cu Candida beneficiază de terapii combinate cu cel puțin două medicamente antifungice diferite și/sau 

combinații cu agenți antifungici naturali, cum ar fi uleiurile esențiale (UE), moleculele peptidice etc. În acest studiu am evaluat 

efectul antifungic al uleiurilor esențiale de cimbrișor și oregano împotriva C. albicans ATCC 10231 și potențialele lor interacțiuni 

sinergice cu agenți antifungici frecvent utilizați - nistatina și fluconazolul. Interacțiunile sinergice dintre nistatină și fluconazol 

și UE au fost determinate prin testul de microtitrare. Rezultatele studiului au arătat că fluconazolul are un efect sinergic cu 

Thymus vulgaris UE, în combinația 9,37 μg/mL antifungic și, respectiv, 2 μg/mL ulei esențial (valori ale indicelui FIC 0,49). 

Pentru alte concentrații de agenți antimicrobieni, efectul este aditiv sau de interferență. Fluconazolul nu a prezentat interacțiune 

sinergică cu uleiul esențial de oregano la niciuna dintre combinațiile testate (valori ale indicelui FIC 0,75). Rezulatele noastre 

au arătat existență unei interacțiuni sinergice între și oregano EU și nistatin, cimbrișor UE și nistatin și între fluconazol și 

Thymus vulgaris UE.  
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Introduction 

Several Candida species are part of the normal human 

microbiota. They are mostly localized in the gastro-

intestinal tract, respiratory and genitourinary systems, 

as well as on the skin of healthy patients [28]. Candida 

species have been proven to be a leading cause of the 

circulatory and cardiovascular systems infections. 

Respectively, they are responsible for 50% of the lethal 

outcome of infected patients [16]. Candida albicans 

most commonly causes infections in immunocompromised 

patients. Risk factors for invasive Candidia albicans 

include: surgery interventions, long-term stay in Intensive 

Care Unit, inappropriate application of broad spectrum 

antibiotics immunosuppressive drugs [21]. Candida 

spp. are being isolated from urine in 1 - 9% of patients 

with hospital stay in Intensive Care Units, Paediatric 

Intensive Care Units and Combustion Units [8]. One 

of the main characteristics of Candida is its ability 

to form highly drug tolerance biofilms in the human 

host. Candida albicans is known to build mixed species 
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biofilms with other Candida species and with various 

other bacterial species in different host niches [14]. 

Prerequisite for the above include organ transplantation, 

haemodialysis, parenteral nutrition, catheterization, 

implementation of various medical devices and etc. 

[21]. 

There is a number of natural and synthetic antibacterial 

drugs for the treatment of bacterial infections.  The 

antifungal therapeutic options are still limited to only 

a few drug classes, none of which fulfils all desired 

expectations. 

Depending on their origin and chemical consistence, 

antifungal agents are divided into 2 groups: synthetic 

(azole derivatives, allylamines) and antifungal antibiotics 

(polyenes, echinocandins). Polyenes are toxic and exhibit 

low water solubility, and echinocandins can only be 

administered intravenously, while allylamines such 

as terbinafine lack anti-candidal activity. Currently, 

azoles are the main used class of antifungal drugs [31]. 

Among azoles, the most widely used in the pharmaco-

therapy remains fluconazole. The considerable number 

and intensity of side effects, mainly related to the usage 

of high drug concentrations and prolonged therapies, 

together with the constantly increasing number of drug-

resistant isolates [12], still makes fungal infections a 

serious clinical problem [4, 25]. Systemic Candida 

infections demonstrate the advantages of combined 

therapies carried out with combinations of at least two 

different antifungal drugs [6], or/and combinations 

with natural antifungal agents such as essential oils, 

peptide molecules and etc. 

Plant derived products and essential oils are used against 

various ailments including infectious diseases since 

long in traditional system of medicine [29]. Among 

some of the most important biological actions noted 

for EOs are the antibacterial, antifungal, antiviral, anti-

oxidant, anti-inflammatory, neuroprotectant and anti-

diabetic activities [9]. The essential oil (EO) plants of 

Lamiaceae's family – oregano, thyme, etc. – possessed 

significant antibacterial and antifungal activities against 

resistant microbial isolates and referent strains such as: 

G (-) – Acinetobacter baumannii, Klebsiella pneumoniae, 

Escherichia coli, Pseudomonas aeuruginosa; G (+) – 

Staphylococcus aureus and fungus Trichophyton rubrum 

and Candida albicans [10, 15]. Their antifungal activity 

is related with affecting mainly the cell wall and the 

membranes of the yeast [4]. Thymus vulgaris and 

Oreganum vulgaris essential oils and their active 

constituent, thymol and carvacrol have been used as 

an antioxidant, anti-inflammatory, local anaesthetic, 

antiseptic, antibacterial and antifungal agents [22]. 

Antibiofilm activity of essential oils have been subject 

of recent investigation [7, 18, 30]. However, little work 

has been reported on T. vulgaris and O. vulgaris against 

drug resistant Candida species [17]. 

Therefore, in order to fill these gaps, we evaluated the 

antifungal effect of Thyme and Oregano essential oils 

against C. albicans ATCC 10231 and their potential 

synergistic interactions with frequently used antifungal 

agents – nystatin and fluconazole. 

 

Materials and Methods 

Microbial strains, antifungal drugs and essential oils 

In this study we used a reference strain Candida 

albicans ATCC 10231. The strain susceptibility to 

fluconazole, nystatin (as the most common antifungal 

drugs prescribed in Bulgaria) and EOs from Lamiaceae 

family was first evaluated by disk diffusion method in 

Mueller-Hinton (MH) agar medium + 2% glucose + 

0.5 μg/mL methylene blue and Serial dilution method 

in Mueller-Hinton (MH) broth – both techniques 

according to Clinical and Laboratory Standards Institute 

(CLSI, 2020). Disk tests are inexpensive and easy to 

set up, and provide an ideal screening test. Clinical 

Laboratory Standards Institute (CLSI) recommends 

the use of Mueller-Hinton agar supplemented with 2% 

glucose, providing a suitable growth for most yeasts, 

and 0.5 mg/L methylene blue dye medium (enhances 

the zone edge definition) minimizing the trailing effect 

[2]. Serial dilution technique is also suitable to testing 

antifungal activity of drug agents’ against Candida 

spp. [19]. 

In both techniques, we used different antifungal drugs 

concentrations – ranging from 2.34 to 75 μg/mL 

fluconazole and 0.5 to 16 μg/mL nystatin and EOs 

concentration – ranging from 1 to 32 μg/mL. Essential 

oils of Thymus vulgaris and Oreganum vulgaris were 

purchased from community pharmacy, nystatin and 

fluconazole – from Sigma-Aldrich. DMSO (1%) was 

used to dilute essential oils and antifungal drug powders. 

DMSO is an important polar aprotic solvent that 

dissolves both hydrophilic and lipophilic compounds 

and is miscible in a wide range of organic solvents as 

well as water [3]. Antimicrobial potential of DMSO 

solution was also tested as a control on agar medium. 

The results showed that it did not demonstrate anti-

microbial activity against the tested microbial species. 

After that, we investigated the potential synergistic 

interaction between Lamiaceae EOs and antibiotics 

by checkerboard test in MH broth. 

Antifungal activity of fluconazole, nystatin and EOs 

tested by serial dilution method - determination of 

minimum inhibitory concentrations (MICs) and minimum 

bactericidal concentration (MBCs) 

According to Cid-Chevecich et al. [11], different 

concentrations of fluconazole (2.34 to 75 μg/mL), nystatin 

(0.5 to 16 μg/mL) and two EOs (1 to 32 μg/mL) were 

prepared in four rows of tubes. After serial dilution 

of the antimicrobial agents, 0.1 mL of standardized 

(0.5 MF) Candida albicans microbial suspension was 

added to all tubes. We also set up controls on anti-

microbial agents and the fungi strain. The tubes were 

incubated for 48 h at 35°C. All samples were performed 

in triplicate. MIC is defined as the lowest concentration 
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of the antimicrobial agent that inhibits the microbial 

growth after incubation. 

After determining the MICs of the tested antimicrobial 

agents, from all tubes, in which no visual turbidity was 

reported, bacterial seeds were made on Sabouraud agar. 

The lowest concentration at which bacterial growth 

is inhibited to 99.9% is reported as the minimum 

bactericidal concentration (MBC). 

Antifungal activity of fluconazole, nystatin and EOs 

tested by disc diffusion test 

The disk diffusion method is used to evaluate anti-

microbial activity of fluconazole, nystatin, and oregano 

and thyme EOs. The antifungal drugs and EOs were 

dissolved in DMSO, loaded over sterile filter paper 

discs (8 mm in diameter) to obtain final concentration 

of 75 μg/mL fluconazole/disc, 16 μg/mL nystatin/disc 

and 32 μg/mL of both of the EOs. Twenty millilitres 

of Mueller-Hilton agar medium + 2% glucose + 0.5 

μg/mL methylene blue was poured into sterile Petri 

dishes, and after complete solidification of the agar 

media, standardized bacterial suspension (0.5 MF) was 

spread on the surface of the agar by dense seeding. 

Sterile filter paper discs loaded with different concentration 

of antibiotics or EOs were placed on the top of MH 

agar plates. All the samples were incubated at 35°C 

for 48 hours. The presence of inhibition zones were 

measured, recorded and considered as indication for 

antibacterial activity. The antifungal susceptibility 

of the isolates was interpreted as sensitive (S), dose 

dependent-susceptible (DDS) and resistant (R). The 

results were interpreted as per the CLSI (Clinical and 

Laboratory Standards Institute) guidelines [13]. 

Synergistic interaction between EOs and antifungal 

drugs 

Synergic interactions between nystatin and fluconazole 

and EOs were determined by the checkerboard microtiter 

assay. Serial dilutions of two antimicrobial agents 

were mixed together so that each row and column 

contained a fixed amount of the first agent and 

increasing amounts of the second one. Six serial two-

fold dilutions of each antibiotic and five serial two-

fold dilutions of each EO were prepared. The dilutions 

were prepared beforehand using 1 mL BHI broth in 

each well. After that, 0.1 mL of fresh yeast suspension 

(0.5 MF) were added to each well and cultured for 

48 hours at 35°C. 

To quantify the interactions between the antimicrobial 

agents being tested (the FIC index), the following 

equation is used: 

A/MICA + B/MICB = FICA + FICB = FIC Index, 

where, A and B are the MIC of each antimicrobial 

agents in combination (in a single well), and MICA 

and MICB are the MIC of each drug individually. 

The FIC (fractional inhibitory concentration) index 

value is then used to categorize the interaction of the 

two antibiotics tested. Total synergism (FIC value ˂ 

0.5), additive or indifference (FIC value = 0.5 - 4) or 

antagonism (FIC value > 4) between two compounds 

were deduced from the values of the FIC index 

numbers. 

 

Results and Discussion 

MICs and MBCs determination of EOs and antifungal 

drugs 

In our study, we initially determined the minimum 

inhibitory concentrations of the two antibiotics nystatin 

and fluconazole, as well as the essential oils of oregano 

and thyme, in a liquid culture medium. For this purpose, 

we used serial two-fold dilution method in MH broth. 

A number of studies have shown that the MICs of 

nystatin vary within range 3.7 to 7.4 IU/mL (0.625 to 

1.25 µg/mL) for many Candida species [1, 23]. 

According to other authors, the values reach 100 IU 

[26]. Inhibitory concentrations of fluconazole can also 

vary widely - ranged from 8 - 1024 μg/mL against C. 

albicans and C. tropicalis strains [17]. Most reports, 

however, show MICs within limits 8 - 32 µg/mL [20, 24]. 

Based on these data, we used antibiotic concentrations – 

ranging from 2.34 to 75 μg/mL fluconazole and 0.5 to 

16 μg/mL nystatin. Our studies have largely confirmed 

the MICs values described above from other studies - 

MIC of fluconazole against Candida albicans ATCC 

10231 was 37.5 µg/mL, MIC of nystatin – 16 μg/mL. 

Regarding MICs of Lamiaceae EOs, according to [4], 

Candida albicans is more sensitive to different essential 

oils compared to the main used drugs. According to 

various studies, MICs of Thyme and Oregano EOs is 

possible to vary between 0.3 and 25 µg/mL. In the 

study of [17], MICs of T. vulgaris EO were 25, 3.12 

and 1.56 μg/mL against the C. albicans (CAJ-01), C. 

albicans CAJ-12 (KGMU028) and C. albicans MTCC-

3017 respectively. Investigation study of [5] presented 

results of MICs varied from 0.3 to 0.15 µL/mL for 

yeast species. 

Our results showed that the MIC of Thymus vulgaris 

EO against C. albicans ATCC 10231 is 2 µg/mL. 

The Oregano oil also demonstrated antifungal activity 

against C. albicans and a MIC value was 4 µg/mL. 

After MICs were determined, volume equal to one 

bacterial loop was taken from each of the test tubes 

without visible turbidity, and was transferred on the 

surface of Sabouraud agar for MBCs determination. 

The observed MBCs against C. albicans ATCC 10231 

for Thyme and Oregano EOs were 4 µg/mL. This results 

of MICs and MBCs determination of Thyme and 

Oregano EOs showed that C. albicans demonstrate 

high sensitivity and they have the potential to be used 

in therapeutic practice, and some of them probably 

in combination with other antimicrobial agents. Tests 

with nystatin and fluconazole showed MBCs 16 and 

75 μg/mL, respectively. The MICs and MBCs of EOs 

and antifungal drugs are presented in Table I. 
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Table I 

Determination of MICs and MBCs of Thyme and Oregano essential oils, nystatin and fluconazole against 

Candida albicans ATCC10231 

 Nystatin (μg/mL) Fluconazole (μg/mL) Thyme EO (μg/mL) Oregano EO (μg/mL) 

MIC 16 37.5 2 4 

MBC 16 75 4 4 

MIC – minimal inhibitory concentration; MBC – minimal bactericidal concentration 

 

Antimicrobial activity of antifungal drugs and EOs 

tested by disc diffusion test 

The Kirby-Bauer disk diffusion susceptibility test is 

used to evaluate antimicrobial activity of fluconazole, 

nystatin and Oregano and Thyme EOs against C. 

albicans. The antibiotics and EOs were loaded over 8 

mm sterile filter paper discs to obtain final concentration 

of 25 μg/mL fluconazole/disc, 16 μg/mL nystatin/disc 

and 32 μg/mL of both of the EOs. 

Our results showed that Candida albicans ATCC 

10231 is sensitive of all of the tested antifungal agents, 

so that the inhibitory zones for nystatin were 20 ± 2 

mm, for fluconazole were 21 ± 0.89 mm and for EOs 

reached 40 ± 3 mm. Interpretation of antifungal 

susceptibility of the yeast strain to antifungal drugs 

(susceptible S, susceptible dose dependent [SDD], and 

resistant R) was done according to CLSI standards – 

for 17.4 μg/mL nystatin (≥ 15 – S; 10 - 14 – SDD; ≤ 

10 – R) and for fluconazole (≥ 19 – S; 15 - 18 – SDD; 

≤ 14 – R). 

Synergistic interaction between Lamiaceae EOs and 

antifungal drugs 

Synergic interactions between nystatin and fluconazole 

and EOs were determined by the checkerboard microtiter 

assay. The results are presented in Figure 1, Figure 2 

and Table II. The results of the study showed that 

fluconazole has a synergistic effect with Thymus 

vulgaris EO in combination with 9.37 μg/mL antibiotic 

and 2 μg/mL essential oil, respectively (FIC index 

values 0.49). In combination with other concentrations 

of antimicrobial agents, the effect is additive or interfering. 

The MIC of Thymus vulgaris EO against Candida 

albicans ATCC 10231 was 8 μg/mL and the MIC of 

fluconazole – 37,5 μg/mL. Fluconazole did not show a 

synergistic interaction with Oregano essential oil at 

any of the combinations in different concentrations of 

antimicrobial agents (FIC index values 0.75). The MIC 

of fluconazole was again reported as 37.5 μg/mL and 

that of Oregano EO – 16 μg/mL (Figure 1). 

 

 
Figure 1. 

Synergistic interaction between fluconazole and EOs (Oreganum vulgaris EO and Thymus vulgaris EO) against 

Candida albicans, tested by checkerboard microtiter assay 

 

In a study of the synergistic interaction between 

nystatin and Thyme essential oil against Candida 

albicans, we reported such an effect at a concentration 

of 2 μg/mL of nystatin and 2 μg/mL of Thymus vulgaris 

EO (FIC index values 0.22). At other concentrations 

the effect is additive. The MIC of Thymus vulgaris 

EO against Candida albicans ATCC 10231 is again 

8 μg/mL and the MIC of nystatin – 16 μg/mL. In the 

combination of nystatin and Oregano EO synergism 

was also reported in 2 μg/mL antifungal drug and 2 

μg/mL Oreganum vulgaris EO (FIC index values 

0.29). 

Therefore, the findings described here encourage the 

development of clinical trials to evaluate the efficacy 

of this combination treatment. 

Natural products with intrinsic antimicrobial activity 

or products that promote the activity of commonly 

used antibiotic/antifungal agents may represent new 

ways to combat multiresistant microorganisms and 

prevent the contact of these microorganisms with 

synthetic products, thus reducing the risk of selecting 

new or improved resistance mechanisms. Natural products 

may also be combined with traditional antimicrobials 

to enhance the antimicrobial activity of both [11, 19, 27]. 
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Figure 2. 

Synergistic interaction between nystatin and EOs (Oreganum vulgaris EO and Thymus vulgaris EO) against 

Candida albicans, tested by checkerboard microtiter assay 

 

Table II 

The MIC of nystatin, fluconazole and EOs (Oreganum vulgaris EO and Thymus vulgaris EO), when used in 

association, and their combined FIC index values against C. albicans ATCC 

Strain MIC of EOs MIC of antifungal drug FIC index Interpretation 

C. albicans 
MIC of T. vulgaris EO MIC of nystatin 

0.22 Synergism 
8 16 

C. albicans 
MIC of T. vulgaris EO MIC of fluconazole 

0.49 Synergism 
8 37.5 

C. albicans 
MIC of O. vulgaris EO MIC of nystatin 

0.29 Synergism 
16 8 

C. albicans 
MIC of O. vulgaris EO MIC of fluconazole 

0.75 Additive 
16 37.5 

 

Conclusions 

In conclusion, the essential oils of O. vulgaris and T. 

vulgaris appeared to be the effective antifungal agents, 

inhibiting Candida albicans evaluated in this study. 

The results of our investigation confirm synergistic 

interaction between Lamiaceae essential oils and 

antifungal drugs as nystatin and fluconazole against 

C. albicans. Our findings showed an experimental 

occurrence of a synergistic interaction between and 

Oregano EO and nystatin, Thyme EO and nystatin 

and between fluconazole and Thymus vulgaris EO. 

Their use is possible to be a promising approach for 

obtaining new, effective, and safer antifungal therapy. 

 

Acknowledgement 

This work was supported by the institutional Science 

Fund (Project №21012) of the Medical University of 

Varna. 

 

Conflict of interest 

The authors declare no conflict of interest. 

 

References 

1. Arikan S, Ostrosky-Zeichner L, Lozano-Chiu M, 

Paetznick V, Gordon D, Wallace T, Rex JH, In vitro 

activity of nystatin compared with those of liposomal 

nystatin, amphotericin B, and fluconazole against 

clinical Candida isolates. J Clin Microbiol., 2002; 

40(4): 1406-1412. 

2. Alastruey-Izquierdo A, Melhem MS, Bonfietti LX, 

Rodriguez-Tudela JL, Susceptibility test for fungi: 

clinical and laboratorial correlations in medical mycology. 

Rev Inst Med Trop Sao Paulo, 2015; 57(Suppl 19): 

57-64.  

3. Blejan EI, Popa DE, CosteaT, Cioacă A, Laura O, 

Ghica M, Georgescu M, Stancov G, Letiția AA, The 

in vitro antimicrobial activity of some essential oils 

from aromatic plants. Farmacia, 2021; 69(2): 290-

298. 

4. Bona E, Cantamessa S, Pavan M, Novello G, Massa 

N, Rocchetti A, Berta G, Gamalero E, Sensitivity of 

Candida albicans to essential oils: are they an 

alternative to antifungal agents?. J Appl Microbiol., 

2016; 121(6): 1530-1545.  

5. Boukhatem MN, Darwish NHE, Sudha T, Bahlouli 

S, Kellou D, Benelmouffok AB, Chader H, Rajabi 

M, Benali Y, Mousa SA, In Vitro Antifungal and 

Topical Anti-Inflammatory Properties of Essential Oil 

from Wild-Growing Thymus vulgaris (Lamiaceae) 

Used for Medicinal Purposes in Algeria: A New 

Source of Carvacrol. Scientia Pharmaceutica, 2020; 

88(3): 33: 1-9. 

6. Brankiewicz W, Okońska J, Serbakowska K, Lica J, 

Drab M, Ptaszyńska N, Łęgowska A, Rolka K, Szweda 

P, New Peptide Based Fluconazole Conjugates with 

Expanded Molecular Targets. Pharmaceutics, 2022; 

14(4): 693: 1-7. 

 

 

 

 

 

 

 

 

 

 



FARMACIA, 2022, Vol. 70, 4 

 725 

7. Budzyńska A, Różalska S, Sadowska B, Różalska B, 

Candida albicans/Staphylococcus aureus Dual-Species 

Biofilm as a Target for the Combination of Essential 

Oils and Fluconazole or Mupirocin. Mycopathologia, 

2017; 182(11-12): 989-995. 

8. Bulgarian Association of Microbiologists, www.bam-

bg.net/index.php/bg/2016-05-17-12-33-59/21-2016-

06-03-11-29-38. 

9. Burlec AF, Macovei I, Săcărescu A, Corciovă A, Mircea 

C, Iancu CE, Cioancă O, Hăncianu M, Essential oils 

in wellness centers: overview on European Union 

legislation, potential therapeutic effects and toxicity. 

Farmacia, 2020; 68(6): 992-998. 

10. Chouhan S, Sharma K, Guleria S, Antimicrobial 

Activity of Some Essential Oils-Present Status and 

Future Perspectives. Medicines (Basel), 2017; 4(3): 

58: 1-11. 

11. Cid-Chevecich C, Müller-Sepúlveda A, Jara JA, López-

Muñoz R, Santander R, Budini M, Escobar A, Quijada 

R, Criollo A, Díaz-Dosque M, Molina-Berríos A, 

Origanum vulgare L. essential oil inhibits virulence 

patterns of Candida spp. and potentiates the effects 

of fluconazole and nystatin in vitro. BMC Complement 

Med Ther., 2022; 22(1): 39: 1-12. 

12. Cleveland AA, Harrison LH, Farley MM, Hollick R, 

Stein B, Chiller TM, Lockhart SR, Park BJ, Declining 

incidence of candidemia and the shifting epidemiology 

of Candida resistance in two US metropolitan areas, 

2008-2013: results from population-based surveillance. 

PLoS One, 2015; 10(3): e0120452: 1-9. 

13. CLSI. Performance Standards for Antimicrobial 

Susceptibility Testing. 30th ed. CLSI supplement M100. 

Wayne, PA: Clinical and Laboratory Standards 

Institute; 2020. 

14. de Barros PP, Rossoni RD, de Souza CM, Scorzoni 

L, Fenley JC, Junqueira JC, Candida Biofilms: An 

Update on Developmental Mechanisms and Therapeutic 

Challenges. Mycopathologia, 2020; 185(3): 415-424. 

15. Fournomiti M, Kimbaris A, Mantzourani I, Plessas 

S, Theodoridou I, Papaemmanouil V, Kapsiotis I, 

Panopoulou M, Stavropoulou E, Bezirtzoglou EE, 

Alexopoulos A, Antimicrobial activity of essential 

oils of cultivated oregano (Origanum vulgare), sage 

(Salvia officinalis), and thyme (Thymus vulgaris) 

against clinical isolates of Escherichia coli, 

Klebsiella oxytoca, and Klebsiella pneumoniae. Microb 

Ecol Health Dis., 2015 Apr 15;26:23289. 

16. Gudlaugsson O, Gillespie S, Lee K, Vande Berg J, 

Hu J, Messer S, Herwaldt L, Pfaller M, Diekema D, 

Attributable mortality of nosocomial candidemia, 

revisited. Clin Infect Dis., 2003; 37(9): 1172-1177. 

17. Jafri H, Ahmad I, Thymus vulgaris essential oil and 

thymol inhibit biofilms and interact synergistically 

with antifungal drugs against drug resistant strains of 

Candida albicans and Candida tropicalis. J Mycol 

Med., 2020; 30(1): 100911: 1-8. 

18. Jafri H, Khan MSA, Ahmad I, In vitro efficacy of 

eugenol in inhibiting single and mixed-biofilms of drug-

resistant strains of Candida albicans and Streptococcus 

mutans. Phytomedicine, 2019; 54: 206-213. 

19. Khoshkholgh PMRM, Massiha AR, Issazadeh K, 

Bidarigh S, Giahi M, Ramtin M, Evaluation of antifungal 

activity of methanol extract of acacia (Anagalis arvensis) 

leaves and nystatin against Candida albicans in vitro. 

Zahedan J Res Med Sci (tabib-e-shargh), 2013, 

15(8): 39-41.  

20. Ko JH, Peck KR, Jung DS, Lee JY, Kim HA, Ryu 

SY, Jung SI, Joo EJ, Cheon S, Kim YS, Kim SW, 

Cho SY, Ha YE, Kang CI, Chung DR, Lee NY, Song 

JH, Impact of high MIC of fluconazole on outcomes of 

Candida glabrata bloodstream infection: a retrospective 

multicenter cohort study. Diagn Microbiol Infect Dis., 

2018; 92(2): 127-132.   

21. Kontoyiannis DP, Mantadakis E, Samonis G, Systemic 

mycoses in the immunocompromised host: an update 

in antifungal therapy. J Hosp Infect., 2003; 53(4): 

243-258.  

22. Marchese A, Orhan IE, Daglia M, Barbieri R, Di 

Lorenzo A, Nabavi SF, Gortzi O, Izadi M, Nabavi 

SM, Antibacterial and antifungal activities of thymol: 

A brief review of the literature. Food Chem., 2016; 

210: 402-414. 

23. Nenoff P, Krüger C, Neumeister C, Schwantes U, 

Koch D, In vitro susceptibility testing of yeasts to 

nystatin – low minimum inhibitory concentrations 

suggest no indication of in vitro resistance of Candida 

albicans, Candida species or non-Candida yeast species 

to nystatin. Clin Med Invest., 2016; 1: 1-8. 

24. Pfaller MA, Diekema DJ, Sheehan DJ, Interpretive 

breakpoints for fluconazole and Candida revisited: a 

blueprint for the future of antifungal susceptibility 

testing. Clin Microbiol Rev., 2006; 19(2): 435-447.  

25. Raut JS, Karuppayil SM, A Status Review on the 

Medicinal Properties of Essential Oils. Ind Crops 

Products, 2014; 62: 250-264. 

26. Richter SS, Galask RP, Messer SA, Hollis RJ, 

Diekema DJ, Pfaller MA, Antifungal susceptibilities 

of Candida species causing vulvovaginitis and 

epidemiology of recurrent cases. J Clin Microbiol., 

2005; 43(5): 2155-2162. 

27. Rosato A, Vitali C, Piarulli M, Mazzotta M, Argentieri 

MP, Mallamaci R, In vitro synergic efficacy of the 

combination of Nystatin with the essential oils of 

Origanum vulgare and Pelargonium graveolens 

against some Candida species. Phytomedicine, 2009; 

16(10): 972-975.  

28. Ruhnke M, Maschmeyer G, Management of mycoses 

in patients with hematologic disease and cancer - 

review of the literature. Eur J Med Res., 2002; 7(5): 

227-235. 

29. Saviuc CM, Drumea V, Olariu L, Chifiriuc MC, 

Bezirtzoglou E, Lazăr V, Essential oils with microbicidal 

and antibiofilm activity. Curr Pharm Biotechnol., 

2015; 16(2): 137-151. 

30. Souza CM, Pereira Junior SA, Moraes Tda S, Damasceno 

JL, Amorim Mendes S, Dias HJ, Stefani R, Tavares 

DC, Martins CH, Crotti AE, Mendes-Giannini MJ, 

Pires RH, Antifungal activity of plant-derived essential 

oils on Candida tropicalis planktonic and biofilms 

cells. Med Mycol., 2016; 54(5): 515-523.  

31. Wall G, Lopez-Ribot JL, Current Antimycotics, New 

Prospects, and Future Approaches to Antifungal Therapy. 

Antibiotics (Basel), 2020; 9(8): 445: 1-47. 

 

 

 


