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Abstract
During the last few decades, the increase in the incidence of multidrug-resistant (MDR) fungal infections has become an 
emerging threat to public health. Therefore, it is important to illuminate the usage of alternative therapy to treat MDR fun-
gal infection. This study was carried out to elucidate the usage of plant extract and essential oil, either alone or with other 
antifungal drugs to treat otitis media caused by MDR fungi. Medicinal plant is a safe and cheap source when compared with 
chemical antifungal drugs. Twenty-one fungal isolates out of 104 ear swabs from patients suffering from otitis media were 
characterized using both phenotypic and genotypic methods. The antibiogram typing was used to determine the MDR iso-
lates. The sensitivity of MDR fungal isolates was tested against several plant extracts and essential oils, either alone or with 
other antifungal drugs. Thyme oil and clove extracts proved to have synergistic effects suggesting their use in the treatment 
of fungal infections, especially otitis media caused by MDR fungi. The ultrastructure of MDR fungal isolates exhibited a 
complete destruction post exposure to the used materials when observed under the transmission microscope (TEM). Thyme 
oil and clove extract were found to be the most effective agents against MDR fungal isolates and they constitute a promising 
tool for the management of fungal infection causing the otitis media.
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Introduction

The World Health Organization reported that chronic otitis 
media and the resultant hearing weakness are considerable 
health problems and therefore, they called for more detailed 
epidemiological data (Hasantha et al. 2008).

Fungi can either be the primary or the secondary patho-
gen in a previously perforated tympanic membrane. Many 
predisposing factors have been determined for fungal ear 

infections including immunocompromised host, trauma, 
steroids usage, swimming, ear picking and instrumentation, 
the use of headwear and oils, malnutrition in children, and 
fungal infections elsewhere in the host body like dermato-
mycosis (Gokale et al. 2013).

Recently, several antifungal drugs including azoles (e.g. 
fluconazole), echinocandins, and polyenes (e.g. nystatin) 
have been proposed for the treatment of the fungal infec-
tions. However, various studies have currently demonstrated 
multidrug-resistant (MDR) fungal isolates that showed 
resistance to a broad range of antifungals. Moreover, infec-
tions in many cases are caused mainly by these antifungal-
resistant species, especially in the immunocompromised 
patients (Fichtenbaum et al. 2000; Tavernier et al. 2015).

Since ancient times, plant extracts and phytochemicals 
have been widely applied in nutrition and medicine because 
of their wide range of useful effects against many chronic 
diseases as well as their perfect antimicrobial effective-
ness (Zaika 1988). A renewed interest for using the plant 
extracts in the treatment of MDR fungal infections has been 
prompted.
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Numerous researches have certified the antifungal (Ali-
giannis et al. 2001; Elgayyar et al. 2001) and antibacterial 
(Wan et al. 1998; Canillac and Mourey 2001) activities of 
essential oils. The essential oils are secondary metabolites 
produced by aromatic plants to protect them against many 
microorganisms. Essential oils have an excellent fighting 
efficacy against MDR pathogens when compared with syn-
thetic antifungals. Moreover, the combination of synthetic 
antimicrobials with essential oils improves their efficiency 
such as inhibiting the protein synthesis or destructing the 
cytoplasm membrane. Thyme oil is proved to be the best 
antimicrobial agent used for the treatment of respiratory 
infections, pharyngitis, tonsillitis, cold, bronchitis, and 
cough (Mittal et al. 2018).

In contrast to bacteria, fungi are physiologically similar 
to higher organisms and many of the drugs used to treat 
them are highly toxic because they consequently damage 
the human tissues. Furthermore, there is an increasing con-
cern that various fungi are becoming resistant to antifungals 
thereby their treatment is complicated, especially in patients 
with severe infections (Tortorano et al. 2006). For these 
reasons, there is a growing need for the detection of novel 
approaches such as alternative antimicrobial therapies that 
exhibit novel or unprecedented characteristics to effectively 
control and manage severe fungal infection diseases. There-
fore, this study was carried out to control the ear infections 
caused by MDR fungi in Egypt using some plant extracts 
and essential oils, either alone or in combination with other 
antifungals.

Materials and methods

Subjects

One hundred and four ear swabs were collected aseptically 
from patients suffering from otitis media and admitted to 
Otolaryngology Department, Zagazig University hospi-
tal, Sharkia Governorate, Egypt. The study was approved 
by the Ethics Committee according to local and national 
regulations.

Isolation and identification of fungal isolates

All swabs were subjected to mycological examination at 
the Microbiology Department, Faculty of Medicine and 
Science, Zagazig University. The fungal isolates were 
identified by phenotypic methods on Sabouraud dextrose 
agar (SDA) plates incubated for 7 days. The fungal iso-
lates were characterized to the genus level on the basis of 
cultural and morphological characteristics including spore 
types, mycelia, and other fruiting bodies in lactophenol cot-
ton blue wet mounts examined with compound microscope 

(100 ×) (Collins and Lyne 1984; Milne and Mitchell 1996). 
Observed characteristics were recorded and compared with 
the established identification key (Barnett and Hunter 1972).

Genotyping techniques

Sequencing of 18S rRNA PCR products was employed to 
identify the isolates on the molecular level. The DNA extrac-
tion was carried out using a protocol of Gene Jet genomic 
DNA purification Kit (Thermo), followed by PCR ampli-
fication of 18S rRNA gene using 18 SF149: 5′-GGA AGG 
G(G/A)TGTAT TAT TAG -3′ and 18S R701: 5′-GTA AAA 
GTC CTG GTT CCC -3′ (Farag and Soliman 2011). The PCR 
reaction was carried out in a total volume of 50 µl consisting 
of 25 µl of Master Mix (2X), 1 µl (20 µM) of each primer, 
5 µl of template DNA and 18 µl of nuclease-free water. The 
PCR thermocycler (Eppendorf) was programmed as fol-
lows: 95 °C for 10 min for initial denaturation (one cycle), 
35 cycles of 95 °C for 30 s, 65 °C for 1 min and 72 °C 
for 1.5 min, and a final extension at 72 °C for 10 min (one 
cycle). Four microliters of the obtained PCR products was 
analyzed on 1% agarose gel electrophoresis against 1kb plus 
ladder (Fermentas) (Ausubel et al. 1995) and were visual-
ized on a UV transilluminator. PCR cleanup was carried out 
using GeneJET™ PCR Purification Kit (Thermo). Finally, 
sequencing to PCR products was done on the GATC Com-
pany using the ABI 3730 xl DNA sequencer. The online 
software Clustal Omega (EMBL-EBI, Hinxton, UK) was 
used to perform the multiple sequence alignment and 18S 
rRNA gene phylogenetic tree was constructed (Sievers et al. 
2011).

Antifungal susceptibility testing of fungal isolates

Disc-diffusion technique was used with different antifungal 
discs (Bauer et al. 1966 and Koneman et al. 1997) includ-
ing fluconazole (10 μg), itraconazole (10 μg), ketoconazole 
(10 μg), amphotericin B (10 μg), and nystatin (100 U/disc), 
and the inhibition zone diameters were measured in mm 
using a dial caliper after 4–7 days of incubation at 30 °C. 
In some cases, the disc-diffusion test is not reliable, so MIC 
test using microdilution method was performed according 
to CLSI M38-A2 guidelines (Clinical Laboratory Standards 
2008) to ensure the results of disc-diffusion test. Antifun-
gal agents were obtained in powder forms (Sigma, Ger-
many) and the final concentrations ranged from 0.125 to 
64 μg ml−1. The MICs for antifungal drugs were compared 
with the CLSI interpretative guidelines on antifungal suscep-
tibility testing. Multidrug-resistant (MDR) strains defined as 
the strains that showed resistance to more than two anti-
microbials from different classes were determined and the 
multiple antimicrobial resistance (MAR) index values for 
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each isolate and each antimicrobial agent were calculated 
(Krumperman et al. 1983; Tambekar et al. 2006) using the 
following formulas: MAR index for the isolates = (Number 
of antibiotics to which the isolate was resistant/Number of 
antibiotics to which the isolate was exposed), while MAR 
index for an antibiotic = [Number of antibiotic resistant iso-
lates/(Number of antibiotics tested × Number of isolates)].

Antifungal activities of medicinal plant extracts

Plant samples (clove, anise, lemon grass, rosemary, pepper-
mint, ginger, caraway, green tea, cumin, nigella, chamomile, 
cinnamon, and thyme) were collected and air dried at room 
temperature and then further dried in an oven at 45 °C to 
constant moisture content. After that, 3-mg samples taken 
from every plant was mixed with 120 ml of 95% ethanol in 
a Soxhlet apparatus. The solvent was evaporated at 40 °C 
under reduced pressure to constant weight. Antifungal activ-
ities of medicinal plant extracts against MDR fungal isolates 
were determined using disc-diffusion method (Recio et al. 
1989). The diameter of inhibition zones was measured in 
mm.

Antifungal activities of essential oils

Essential oils of the used plant samples were purchased from 
Turkey (KIRINTI BAHARAT tesislerinde). They were fur-
ther tested for antifungal activities against MDR fungal iso-
lates by agar well diffusion method. Briefly, wells with 1-cm 
diameter were cut in each SDA plate previously seeded with 
tested fungi using flamed cork borer. Prepared wells were 
filled with 0.1 ml of each essential oil emulsified by 0.08 ml 
of Tween. The plates were put in refrigerator for 2 h and then 
incubated for 24 h at 37 °C. After incubation, the diameters 
of the inhibition zones were measured in mm (Smith and 
Navilliat 1997). The results were expressed as the inhibition 
zones, which represent the subtraction of the 1-cm diameter 
of the wells from the measured inhibition zones.

Effects of the combination between selected 
antifungals with crude plant extracts and essential 
oils on MDR fungal isolates

The SDA plates were inoculated by selected isolates by 
sterile swabs on three directions to confirm complete dis-
tribution of the organism (Smith and Navilliat 1997) and 
then 1-cm diameter wells were prepared using a flamed cork 
borer. Different well contents were prepared as follows: (a) 
0.1 ml of ketoconazole, (b) 0.1 ml of crude plant extract, (c) 
0.1  ml of crude plant extract + 0.1 ml of ketoconazole, (d) 
0.1 ml of essential oil + 0.1 ml of ketoconazole, (e) 0.1 ml 
of essential oil, and (f) 0.1 ml of ketoconazole + 0.l ml of 
crude plant extract + 0.l ml of essential oil. The experiment 

was repeated using other antifungal drugs, plant extracts, 
and essential oils.

Ultrastructure examination of fungal isolates using 
transmission electron microscope

Transmission electron microscope (TEM) technique was 
kindly applied in the Regional Center of Mycology and Bio-
technology, Al-Azhar University, Cairo, Egypt. The samples 
were examined by transmission electron microscope (JEOL-
JEM-1010, JEOL Ltd, Japan). Prepared ultra-thin sections 
(slices) from the tested fungal isolates, after treatment with 
the antifungal plant extracts and essential oils, and from 
non-treated fungi as a control were examined under TEM 
adopting the following steps: fixation (Gupta and Berridge 
1966) and dehydration, embedding, sectioning and stain-
ing (Sptempack and Ward 1969). Finally, grids examined 
under electron micrographs were printed on Ford cards with 
a magnification power of 15,000–25,000×.

Results

Pheno‑genotyping of fungal isolates

Out of 104, only 21 ear swabs showed positive fungal growth 
without any bacterial growth. Colonies were observed and 
characterized morphologically. Characterization was based 
on classical macroscopic techniques of color, margin, and 
elevation of the pure colonies. Only 12 Candida and 9 
Aspergillus species were detected among the pure isolates. 
Furthermore, the genetic typing of the isolates depending 
on the sequence of 18S rRNA gene (accession numbers 
MK886746: MK886766) revealed 6 Candida albicans, 6 
Candida tropicalis, 4 Aspergillus niger, and 5 Aspergillus 
fumigatus (Fig. 1).

Antifungal susceptibility of clinical fungal isolates

Antibiogram analysis showed that the fungal isolates exhib-
ited different susceptibility patterns against the used antifun-
gals (Table 1). The MIC results corresponded precisely with 
the results of disc-diffusion method as shown in Table 1. The 
results revealed that the most effective antifungal against 
the clinical fungal isolates was ketoconazole with the low-
est MAR index, while the highest MAR index values were 
recorded against itraconazole and amphotericin B. It was 
noted that Candida albicans and Candida tropicalis showed 
higher MAR indices than Aspergillus niger and Aspergillus 
fumigatus (Table 1). 
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Antifungal activities of medicinal plant extracts

Our results shown in Figs. 2 and 3 demonstrated that the 
extracts of clove and green tea were the most effective 
against fungal isolates, followed by cinnamon, thyme, 
cumin, lemon grass, caraway, rosemary, anise, ginger, pep-
permint, and nigella, but chamomile extract was of no effect 
against the tested isolates.

Antifungal activities of essential oils

The antifungal activities of essential oils were not in agree-
ment with the corresponding crude plant extracts. The high-
est antifungal activity was recorded for thyme essential oil; 
meanwhile, there were no antifungal activities for the essen-
tial oils of lemon grass, caraway, green tea, and chamomile 
(Figs. 3, 4).

Effects of the combination between the antifungal 
drugs, plant extracts and essential oils

It was noted that the inhibition zone for the combination 
between thyme oil and clove extract was increased against 
all MDR isolates and fortunately the addition of ketocona-
zole or fluconazole to this combination led to a significant 
increase in the activity opposite to other tested antifungals 
(Table 2; Fig. 3).

Fig. 1  Phylogenetic tree of fungal isolates based on 18S rRNA gene 
sequences. Isolates with code bendaryA-D refer to Aspergillus niger, 
code bendaryI-V refer to Aspergillus fumigatus, code bendary1-6 
refer to Candida albicans, code bendary01-06 refer to Candida 

tropicalis, while other codes refer to standard 18S rRNA gene pos-
sessed by gene bank, AC: accession numbers of sequenced genes 
(MK886746: MK886766)
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Ultrastructure of multidrug‑resistant Candida 
tropicalis under transmission electron microscope

From our results shown in Fig. 5, Candida tropicalis cells 
exposed to ketoconazole, clove extract, and thyme oil exhib-
ited a complete destruction of the cells, an increase in the 
nucleus size, and cytoplasm clumping. Moreover, thickening 
or damage of cell wall and cell membrane, alteration and 
decrease in cytoplasm density, globule, vacuole, reserved 
food, and scattered nuclear materials were observed in 
treated cells when compared with untreated ones.

Discussion

The rising incidence of many fungal infections has con-
sequently resulted in several adverse effects including the 
emergence of patients with serious immunosuppression. 
Although novel drugs have been proposed to struggle this 
problem, the development of resistance to antifungals has 
become evidently obvious, especially in patients who are in 
an urgent need for long-term treatment or who are receiving 
antifungal prophylaxis. Therefore, otitis media caused by 
fungal infections are predominately problematic owing to 

Table 1  Antibiogram typing 
and MIC (µg/ml) of different 
antifungal drugs against the 
clinical fungal isolates

Fungal isolates Antifungal drugs MAR index 
of the isolates

Flucona-
zole

Itraconazole Ketocona-
zole

Ampho-
tericin B

Nystatin

S MIC S MIC S MIC S MIC S MIC

Candida albicans 1  + 0.5  + 0.25  + 0.5  + 0.5 – 32 0.2
Candida albicans 2 – 8 – 2  + 0.25 – 2  + 0.5 0.6
Candida albicans 3 – 16 – 4 – 2 – 4 – 32 1
Candida albicans 4 – 8  + 0.125  + 0.25 – 2  + 1 0.4
Candida albicans 5  + 0.25  + 0.25 – 4  + 0.25 – 32 0.4
Candida albicans 6 – 8 – 2  + 0.5  + 2 – 64 0.6
Candida tropicalis 1  + 1  + 0.125 – 4  + 2  + 1 0.2
Candida tropicalis 2 – 16 – 2 – 4 – 2 – 64 1
Candida tropicalis 3 – 8  + 0.125  + 0.5  + 1  + 0.5 0.2
Candida tropicalis 4 – 8 – 2  + 0.5  + 1  + 1 0.4
Candida tropicalis 5  + 0.5 – 2 – 2 – 4  + 0.25 0.6
Candida tropicalis 6 – 8  +  > 0.125  + 0.125 – 2 – 32 0.6
Aspergillus niger 1  + 0.5  + 0.25 – 4 – 2  + 0.4
Aspergillus niger 2 – 8 – 4 – 4 – 4 – 32 1
Aspergillus niger 3  + 0.25  + 0.25  + 0.5  + 0.5  + 0.5 0
Aspergillus niger 4  + 0.5  + 0.5  + 0.25  + 0.5 – 32 0.2
Aspergillus fumigatus 1  + 0.5 – 8  + 0.5 – 4  + 1 0.4
Aspergillus fumigatus 2  + 1  + 0.5 – 4  + 0.25 – 32 0.4
Aspergillus fumigatus 3  + 1 – 0.5  + 0.25  + 0.5  + 1 0.2
Aspergillus fumigatus 4 – 16 – 0.25 – 8 – 2 – 64 1
Aspergillus fumigatus 5  + 0.5 – 0.125  + 0.5 – 2  + 0.5 0.4
MAR index of antifungal 0.95 0.1 0.08 0.1 0.95

Fig. 2  Antifungal activities of crude plant extract on MDR fungal 
isolates. Extract of crude clove and green tea are the most effective 
antifungal against all clinical isolates; meanwhile, there is no antifun-
gal activity for chamomile
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the dramatic increase in the number of patients with severe 
fungal infection diseases and the emergence of resistance to 
the available antifungal drugs. Therefore, the development 
of novel antifungal drugs in addition to the evolution of new 
treatment strategies is pivotal.

In this study, only Candida and Aspergillus species were 
isolated from the ear swabs of patients with otitis media 
on SDA medium. Previous studies reported that Candida 
and Aspergillus sp were the most incriminating causes of 
otitis media (Pajor et al. 2006; Mushi et al. 2016; Hazama 
et al. 2017). Aspergillus genus alone is the causative agent 
in about 75% of the otomycosis cases. Aspergillus niger is 
the most common cause with occasional cases infected with 
Aspergillus flavus and Aspergillus fumigatus (Paulose et al. 
1989; Lucente 1993). In another study, Aspergillus sp. was 
the predominant genus of fungi isolated from otomycosis 
cases (92%) with A. niger implicated in about 71% of the 
total isolated fungal species (Yehia et al. 1990).

The analysis of antibiogram results of the investigated 
fungal isolates showed that ketoconazole was the most 
effective antifungal agent with MAR index of 0.8; mean-
while, more than 50% of the tested fungal isolates exhibited 

resistance to each of amphotericin and itraconazole with 
MAR index equal to 1. This is accepted in recently pub-
lished studies carried out on different fungal isolates in 
Africa, Asia, and Europe (Yangmin et al. 2018). On the 
other hand, various studies reported higher resistance rates 
to ketoconazole (Yoshida et al. 1997; Davey et al. 1998). 
This variation in the drug resistance patterns may be well 
attributed to the type of antimicrobial agents prescribed for 
treating several diseases with fungal infection in different 
geographical areas.

Using the MAR index is useful in describing the efficient 
chemotherapeutic agents for treatment. Another striking 
feature was the appearance of variations in the antifungal 
susceptibility patterns between the different tested isolates 
(MAR index 0.2–1). In Egypt, the fungal isolates were found 
highly diverse in their susceptibility patterns. It is also inter-
esting to observe that the MAR indices obtained in the cur-
rent study is a reasonable indication that a very large propor-
tion of fungal isolates have been exposed to many antibiotics 
and this can be explained by the overuse of the antifungal 
agents in treatment.

Fig. 3  Antifungals susceptibil-
ity test. Screening of crude plant 
extracts are shown in Sect. 1, 2 
and 3 using disc-plate method, 
while the activity of essential 
oils are seen in Sect. 4 by 
cup-plate method. As shown in 
Sect. 4(d) the combination of 
ketoconazole with clove extract 
and thyme oil shows the high-
est antifungal activity against 
Candida tropicalis 
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From the therapeutic point of view, several essential oils 
are significant antifungals or antimicrobials, meaning they 
can combat the growth of certain pathogens that could harm 
our health. Since the essential oils cannot elicit the same 
side effects as the synthetic drugs those are used to fight 

fungus, they are becoming more common for use. In this 
study, it was noted that the clove extract and thyme essential 
oil were effective against investigated MDR fungal isolates. 
These results go hand in hand with those recorded previ-
ously (Rajkowska et al. 2017; Gucwa et al. 2018). Several 
studies affirmed the usage of thyme essential oil as a food 
preservative or as an antiseptic and a disinfectant (Pauli 
2001; Burt 2004).

Our investigation proved that thyme essential oil and 
crude clove extract can be used to manage otitis media 
caused by MDR fungal isolates as they showed higher anti-
fungal effects, and are more acceptable, ecologically safe, 
and less hazardous than antifungal drugs. The combination 
of ketoconazole or fluconazole with clove extract and thyme 
oil showed synergistic effects against MDR fungal isolates. 
Previous studies reported that the antifungal activities of 
ketoconazole and fluconazole are enhanced by the presence 
of an essential oil such as thyme (Amber et al. 2010; Saad 
et al. 2010; Khan et al. 2012).

The ultrastructure examination of the treated MDR fun-
gal isolates with thyme oil and crude clove extract exhib-
ited a complete destruction of the fungal cells, an increase 
in the nucleus size, cytoplasm clumping, cell wall and cell 
membrane damages, and an alteration and decrease in the 
cytoplasmic density, globule, vacuole, reserved food, and 

Fig. 4  Antifungal activities of essential oils on MDR fungal isolates. 
This figure shows that the essential oil of thyme has the greatest anti-
fungal activity, while the essential oils of lemon, caraway, cucumber, 
and chamomile have no antifungal activity.

Table 2  Inhibition zone 
diameter for thyme oil 
and crude clove extract in 
combination with different 
antifungal drugs

  Inhibition zone (mm)

C. albicans C. tropicalis A. niger A. fumigatus

Clove extract 25 25 10 13
Thyme oil 32 35 30 20
Clove extract + thyme oil 38 40 30 20
Nystatin 0 0 0 0
Nystatin + clove extract 25 25 10 13
Nystatin + thyme oil 32 35 30 20
Nystatin + clove extract + thyme oil 38 40 30 20
Amphotericin B 0 0 0 0
Amphotericin B + clove extract 25 25 10 13
Amphotericin B + thyme oil 32 35 30 20
Amphotericin B + clove extract + thyme oil 38 40 30 20
Fluconazole 0 0 0 0
Fluconazole + clove extract 34 36 22 25
Fluconazole + thyme oil 38 40 34 28
Fluconazole + clove extract + thyme oil 46 43 40 42
Ketoconazole 0 0 0 0
Ketoconazole + clove extract 36 37 20 25
Ketoconazole + thyme oil 40 40 36 30
Ketoconazole + clove extract + thyme oil 50 53 46 44
Itraconazole 0 0 0 0
Itraconazole + clove extract 27 28 12 15
Itraconazole + thyme oil 35 36 32 20
Itraconazole + clove extract + thyme oil 40 43 33 20
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scattered nuclear materials. These results are in accordance 
with the previously recorded results which indicated that 
the main targets of thyme oil were cell wall and cell mem-
brane. The plasma membrane was irregular, dissociated from 
the cell wall, invaginated, and associated with the forma-
tion of lomasomes. Moreover, it modified the microbial cell 

permeability allowing the loss of macromolecules (Lo´pez-
Malo et al. 2005; Rasooli and Owlia 2005).
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Fig. 5  Transmission electron micrographs of Candida tropicalis. 
Controls with complete cell wall are a1, b1, c1, d1, and e1; mean-
while, a2, b2, c2, d2, and e2 are Candida tropicalis cells exposed 
to ketoconazole, clove extract, and thyme oil. The treated isolates 

show a complete destruction of the cell, the nucleus’ increase in size, 
cytoplasm clumping (arrows), cell membrane and cell wall damage, 
alteration in cytoplasm density (arrows with circle), globule, vacuole, 
reserved food, and scatter nuclear material (arrows with square)
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