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The emergence of antifungal-resistant sporotrichosis in veterinary settings, coupled with the toxicity 

and high cost of conventional therapies, necessitates the discovery of effective and accessible alterna-

tives. This study evaluated the in vitro antifungal efficacy and safety of Myrtus communis (myrtle) 

and Thymus vulgaris (thyme) essential oils against a panel of clinical Sporothrix spp. isolates from 

Iraqi farm animals (sheep, goats, and farm cats). Chemical profiles were determined by gas chroma-

tography-mass spectrometry (GC-MS). Antifungal activity, including minimum inhibitory concentra-

tion (MIC) and minimum fungicidal concentration (MFC), was assessed against 12 clinical isolates 

(S. schenckii, S. globosa, S. mexicana) and four reference strains, following Clinical and Laboratory 

Standards Institute (CLSI) M38-A2 guidelines. Cytotoxicity was evaluated on HaCaT, HDF, and 

HepG2 cell lines to determine the 50% cytotoxic concentration (CC50) and the selectivity index (SI). 

GC-MS identified 1,8-cineole (87.1%) and thymol (98.8%) as the main components of myrtle and 

thyme oils, respectively. Myrtle oil demonstrated potent fungicidal activity with MIC50/MIC90 values 

of 32/64 µg/mL and a high safety index (SI >10). Thyme oil exhibited moderate activity with 

MIC50/MIC90 of 128/256 µg/mL. Both essential oils were significantly more effective than conven-

tional drugs against resistant isolates (P<0.001). Scanning electron microscopy revealed severe mor-

phological damage in over 90% of treated cells. These preclinical data support myrtle and thyme es-

sential oils as safe and effective alternatives against drug-resistant Sporothrix spp. isolates. Given its 

potent broad-spectrum activity and high selectivity index, myrtle oil represents a promising candidate 

for development as a topical therapy in veterinary medicine. 

Key words: antifungal resistance, essential oils, livestock, Myrtus communis, Thymus vul-

garis, Sporothrix, sporotrichosis 
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INTRODUCTION 

Sporotrichosis is a subcutaneous infection 

caused by dimorphic fungi in the Sporo-

thrix schenckii complex which affects 

both human and animal populations. 

While the disease has had a traditional 

association with traumatic inoculation of 

fungal conidia from soil and plant materi-

al, the past two decades witnessed a great 

change in its epidemiology (Lopes-Bezer-

ra et al., 2018). There was a shift away 

from what was the classic environmental 

route of transmission to zoonotic trans-

mission which has seen the rise of the do-

mestic cat as a very effective carrier (Gre-

mião et al., 2017; Rossow et al., 2020). 

This zoonotic aspect has brought about 

large and sustained outbreaks worldwide 

which in turn has proven the pathogen’s 

great adaptability to new hosts and envi-

ronments. 

Molecular studies have in fact made 

the clinical picture more complex by rede-

fining what we thought of as the S. 

schenckii complex. What used to be a 

single species is now identified as a group 

of related but distinct species which in-

clude S. schenckii sensu stricto, S. brasili-

ensis, S. globosa, and S. mexicana  

(Marimon et al., 2007). Also, these spe-

cies have very different geographic distri-

butions, levels of virulence, and what is 

most critical, they respond in different 

ways to antifungal treatments. This diver-

sity in species’ response to treatment 

means that any new therapeutic approach 

has to be tested across a range of clinical-

ly relevant species to demonstrate broad-

based efficacy. 

In veterinary medicine, the manage-

ment of sporotrichosis presents great chal-

lenges. Itraconazole, which is the standard 

treatment option via the oral route, is still 

out of reach financially for many livestock 

owners and also requires very long-term 

administration (Rodrigues et al., 2014). 

While amphotericin B is very effective 

against fungi, it is associated with a large-

scale issue of kidney damage, which is a 

reason for its use in very serious cases 

only (Lanternier & Lortholary, 2008). To 

this is added an increasing body of re-

search which reports Sporothrix spp 

strains which are either of reduced suscep-

tibility or have developed full-scale re-

sistance to these first-line drugs (Borba-

Santos et al., 2015; Rodrigues et al., 

2022). Also, the molecular basis for this 

resistance, which includes changes in 

ergosterol biosynthesis pathways and 

overexpression of efflux pumps, has been 

well studied (Czajka et al., 2023). 

In agriculture, the issue of sporotri-

chosis goes beyond the cost of treatment. 

The chronic infections in sheep and goats 

cause a drop in weight gain, a decrease in 

milk production, and poor quality of wool, 

ultimately impacting the farm’s profitabil-

ity (Whatford et al., 2022; Bose & Si-

va Kumar, 2025). The zoonotic transmis-

sion puts farm workers and their families 

at risk, thus creating a One Health issue at 

the intersection of human, animal, and 

environmental health. Although these is-

sues are acknowledged, there is still a 

large gap in the research of sporotrichosis 

in livestock, which is especially true in 

developing regions with limited veterinary 

resources. 

Natural products, in particular plant-

based essential oils, have seen great inter-

est in the search for alternative antifungal 

drugs. In the Middle East, Myrtus commu-

nis (myrtle) and Thymus vulgaris (thyme) 

are very well known for their use in tradi-

tional medicine, and their essential oils 

have a very wide range of antimicrobial 

activity highlighted in many studies (Sajed 

et al., 2013; Hosseinzadeh et al., 2015). 
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Also, the main bioactive components – 

1,8-cineole in myrtle and thymol in thyme 

– are known for their membrane-

disruptive actions, which in turn may 

overcome the resistant elements seen with 

conventional antifungals (Tariq et al., 

2019; Dhouibi et al., 2023). To our 

knowledge, however, no study has report-

ed on the activity of these essential oils 

against Sporothrix spp isolates from live-

stock. 

This study explored the in vitro anti-

fungal action of M. communis and T. vul-

garis essential oils against a wide range of 

clinical Sporothrix spp isolates from Iraqi 

farm animals. It also determined their 

chemical profiles and looked at their cyto-

toxicity and selectivity indices. The pre-

sented results may form the basis for the 

development of low-cost topical treat-

ments for veterinary sporotrichosis. 

MATERIALS AND METHODS 

Biosafety and ethical statement 

In this study, we adhered to the Guide for 

the Care and Use of Laboratory Animals, 

8
th

  edition (Albus, 2012). Also, written 

informed consent was obtained from all 

animal owners before sampling. As for 

work with potentially infectious materials, 

BSL-2 guidelines presented in the WHO 

Laboratory Biosafety Manual, 4
th

 edition 

(Ficociello et al., 2023) and the Biosafety 

in Microbiological and Biomedical La-

boratories (BMBL), 6
th

 edition (Safdar et 

al., 2023) were followed. 

Essential oils and chemicals 

Pure essential oils of Myrtus communis 

(myrtle) and Thymus vulgaris (thyme) 

were obtained from a certified local sup-

plier (batches MEO-2023-05 and TEO-

2023-05, respectively) in Baghdad, Iraq. 

Certificates of Analysis which detailed 

purity and major constituent profiles were 

also received. The oils were stored at 4 °C 

in amber glass vials away from light. Ref-

erence antifungal drugs, itraconazole and 

amphotericin B deoxycholate were also 

purchased (Sigma-Aldrich, St. Louis, MO, 

USA). Dimethyl sulfoxide was used as a 

solvent, which did not exceed 1% (v/v) in 

all assays. 

Gas chromatography-mass spectrometry 

(GC-MS) analysis 

An Agilent 7890B gas chromatograph 

with a 5977A mass selective detector and 

an HP-5MS capillary column (30 m × 

0.25 mm i.d., 0.25 µm film thickness) was 

used for chemical analysis. Each oil was 

analyaed in triplicate. The relative per-

centages of identified compounds were 

present as the mean ± standard deviation 

(SD). The full dataset is available upon 

request from the corresponding author. 

Study site and animal sampling 

In twelve cases, Sporothrix spp infections 

in animals from which symptomatic ani-

mals were reported at nine different farms 

which in total are in three out of Iraq’s 

central governorates – in Karbala (four 

reports from four different farms), in Bab-

ylon (four reports from three farms) and in 

Diwaniyah (four reports from two farms). 

The farms were small scale which ran 

mixed animal populations of sheep, goats 

and also domestic cats kept for rodent 

control. The samples were collected be-

tween January and August of 2023. All 

affected animals displayed the typical 

signs of the disease which included raised, 

ulcerated and scaly skin lesions mainly on 

the legs and faces of the affected animals. 

Also it was noted that these animals had 

no prior antifungal treatment as a result of 

the farms’ limited access to specialised 
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veterinary health care. Consent from the 

owners was obtained to take clinical pho-

tos of the affected animals. The potential 

zoonotic transmission pathways were also 

investigated. Through structured inter-

views with farm owners and handlers, it 

was confirmed that cats and livestock co-

habited within the same premises; howev-

er, none of the owners reported observing 

cat scratch injuries to sheep or goats. Fur-

thermore, no farm workers, family mem-

bers, or handlers presented cutaneous le-

sions consistent with sporotrichosis during 

or after the study period. 

Conventional diagnosis and molecular 

identification 

Prior to molecular analysis, traditional 

mycological diagnosis was performed. 

Skin lesion samples were collected via 

swabbing and scraping from the periphery 

of active lesions. To strictly adhere to 

animal welfare principles and avoid in-

ducing severe pain in animals with ulcera-

tive and exudative lesions, chemical anti-

septics (such as 70% ethanol) were not 

applied directly to the open wounds. In-

stead, the surrounding intact peri-lesional 

skin was gently cleaned, and mechanical 

lavage using sterile saline was applied to 

the wound bed to remove debris and con-

taminants prior to sampling. The samples 

were inoculated onto Sabouraud Dextrose 

Agar (SDA) supplemented with chloram-

phenicol (50 µg/mL) and incubated at 25–

27 °C for 7–21 days. The colony mor-

phology was examined for characteristic 

Sporothrix spp. features: initially cream-

coloured, membranous colonies that pro-

gressively darkened to brown or black. 

For microscopic examination, microcul-

ture slides were prepared on potato dex-

trose agar and incubated at 25 °C for 5–7 

days. Using lactophenol cotton blue 

mounts, thin, septate hyphae bearing co-

nidiophores with sympodially arranged 

conidia in a characteristic flower-like pat-

tern were observed. The yeast-phase con-

version was confirmed by subculturing on 

brain heart infusion (BHI) agar at 37 °C 

for 5–7 days. Macroscopically, yeast-

phase colonies on BHI appeared creamy, 

smooth, and yeast-like. Microscopically, 

lactophenol cotton blue staining of wet 

mounts from these cultures revealed typi-

cal oval to elongated budding yeast cells, 

confirming the dimorphic transition. For 

molecular identification, the internal tran-

scribed spacer (ITS) region was se-

quenced using primers ITS1 (5′-TCC 

GTAGGTGAACCTGCGG-3′) and ITS4 

(5′-TCCTCCGCTTATTGATATGC-3′). 

The PCR products were sequenced and 

compared to reference sequences in the 

NCBI database. Molecular analysis target-

ing the ITS region was employed exclu-

sively as a confirmatory diagnostic tool to 

ensure accurate species-level identifica-

tion prior to antifungal susceptibility test-

ing. All sequences demonstrated >99% 

homology with established reference se-

quences publicly available in GenBank for 

the respective Sporothrix species. As this 

study is a preclinical efficacy investigation 

rather than a taxonomic work, the se-

quences did not represent novel genetic 

diversity. The clinical isolates have been 

preserved in the culture collection of Al-

Razi Diagnostic Laboratory (Karbala, 

Iraq) and are available upon request to 

interested researchers. 

Fungal isolates 

In this study, a total of 16 Sporothrix spp 

isolates were used. Four reference strains: 

S. schenckii ATCC 1099-18, S. globosa 

ATCC 20430, S. mexicana ATCC 10268, 

and S. luriei ATCC 18616 as well as 12 

clinical isolates, described previously; of 

these, eight were S. schenckii, three were 
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S. globosa, and one was S. mexicana. De-

tails of the clinical isolates are presented 

in Table 1. 

Antifungal susceptibility testing 

Antifungal susceptibility testing was per-

formed in accordance with the Clinical 

and Laboratory Standards Institute (CLSI) 

reference method M38-A2 for filamentous 

fungi (CLSI, 2008). Conidial suspensions 

from 7-day-old cultures grown on potato 

dextrose agar were prepared. The conidia 

were harvested into sterile saline contain-

ing 0.05% Tween 80, the suspension was 

passed through sterile gauze to remove 

hyphal fragments, and then adjusted via 

spectrophotometry to 75–77% transmit-

tance at 530 nm, which corresponded to a 

final inoculum concentration of (0.4–5) 

×10⁴ colony-forming units (CFU)/mL. 

In our study, essential oils of M. 

communis and T. vulgaris as well as 

itraconazole and amphotericin B were 

used as test compounds. The essential oils 

were first dissolved in DMSO to a final 

concentration of less than 1% v/v, follow-

ing standard solubilisation protocols for 

hydrophobic compounds in antifungal 

testing (CLSI, 2008), which were then 

diluted into RPMI 1640 medium buffered 

with 3-(N-morpholino) propanesulfonic 

acid (MOPS) to a pH of 7.0. The refer-

ence antifungal drugs were diluted strictly 

according to CLSI and manufacturer 

guidelines, with itraconazole initially dis-

solved in DMSO and amphotericin B dis-

solved in sterile water. Two-fold serial 

dilutions in sterile 96 well microdilution 

plates were made, which resulted in final 

concentration ranges of 1–1000 µg/mL for 

the essential oils and 0.031–16 µg/mL for 

the reference drugs. 

Each plate included growth control 

wells (RPMI 1640 with inoculum but no 

antifungal agent), sterility control wells 

(medium only), and solvent control wells 

(DMSO at equivalent concentrations). 

The plates were incubated at 35 °C for 

48–72 hours. Although essential oils can 

sometimes separate from the aqueous 

phase during incubation, the prior inclu-

sion of 0.05% Tween 80 in the inoculum 

preparation successfully maintained ho-

mogenisation. No phase separation or 

reading difficulties were encountered, and 

plates were gently agitated prior to visual 

reading to ensure accuracy. The minimum 

inhibitory concentration (MIC) was de-

fined as the lowest concentration that 

showed 100% inhibition of visible growth 

for amphotericin B, and ≥50% inhibition 

compared to the growth control for 

itraconazole and the essential oils. The 

minimum fungicidal concentration (MFC) 

was determined by subculturing 10 µL 

from wells showing no visible growth 

onto SDA plates, defining the MFC as the 

lowest concentration that yielded ≤3 colo-

nies after 7 days of incubation at 25 °C. 

For the 12 clinical isolates, the MIC50, 

MIC90, MFC50, and MFC90 values with 

95% confidence intervals were calculated. 

Application of epidemiological  

cutoff values 

To categorise these isolates based on their 

susceptibility, the most recently estab-

lished epidemiological cutoff values 

(ECVs) endorsed by the Clinical and La-

boratory Standards Institute (CLSI) for 

Sporothrix species were applied (Santos et 

al., 2026). For S. schenckii, which consti-

tuted the majority (8/12) of our clinical 

isolates, the ECVs were set at ≤4 µg/mL 

for both itraconazole and amphotericin B; 

isolates with MICs above these thresholds 

were classified as non-wild type (NWT). 

Although earlier tentative ECVs proposed 

lower thresholds (Espinel-Ingroff et al., 

2017), applying the current official CLSI 
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criteria provides the most rigorous con-

temporary context. Notably, even under 

these updated and less stringent thresh-

olds, the high MIC values observed in our 

livestock isolates strongly indicate re-

duced susceptibility. 

Scanning electron microscopy  

To understand the morphological changes, 

we looked at representative isolates from 

the three clinical Sporothrix species using 

scanning electron microscopy (SEM). The 

fungal cells were exposed by our team to 

myrtle and thyme essential oils, specifical-

ly at their respective MFC levels, for a 24-

hour period at 35 °C. Once the treatment 

was complete, the cells were fixed in 

2.5% glutaraldehyde (0.1 M phosphate 

buffer, pH 7.2) for 4 hours at 4 °C. This 

was followed by three washes in the same 

buffer and post-fixation with 1% osmium 

tetroxide for one hour. Then the samples 

were moved through a graded ethanol 

series (from 30% up to 100%) for dehy-

dration before performing critical point 

drying. After mounting the specimens on 

aluminum stubs and sputter-coating them 

with gold, they were examined under the 

SEM at 15–20 kV following standard 

sample preparation procedures for fungal 

specimens (Venkatesh Babu et al., 2018)  

For a fair comparison, untreated cells 

were used as controls. To quantify the 

results, two independent blinded observ-

ers looked at five random fields per group 

to count the percentage of cells showing 

severe damage. 

Cytotoxicity assay 

In our study, the cytotoxicity of the test 

compounds was evaluated on three human 

cell lines: HaCaT keratinocytes (ATCC 

PCS-200-011), human dermal fibroblasts 

(HDF, ATCC PCS-201-012), and HepG2 

hepatocellular carcinoma cells (ATCC 

HB-8065), obtained from the American 

Type Culture Collection (Manassas, VA, 

USA). The cells were maintained in Dul-

becco's Modified Eagle Medium 

(DMEM) supplemented with 10% foetal 

bovine serum and 1% penicillin-

streptomycin at 37 °C in a humidified 5% 

CO2 atmosphere. 

This study used the MTT assay, which 

has been widely validated for assessing 

the safety of Thymus vulgaris and Myrtus 

communis essential oils (Mohamed et al., 

2019; Niksic et al., 2021). The cells were 

seeded in 96-well plates at a density of 

1×10⁴ cells per well and allowed to adhere 

for 24 hours. Serial two-fold dilutions of 

each essential oil were performed (7.8–

1000 µg/mL), added to the plates, and 

then incubated for 48 hours. After incuba-

tion, 20 µL of MTT solution (5 mg/mL) 

were added to each well and incubated for 

4 hours. Then the formazan crystals were 

dissolved in 100 µL DMSO and absorb-

ance was measured at 570 nm with a 

microplate reader. The 50% cytotoxic 

concentration (CC50) was determined from 

the dose-response curves via non-linear 

regression analysis. Also, the selectivity 

index (SI) was calculated as SI = 

CC50/MIC, utilising the highest MIC value 

observed against the clinical panel for 

each essential oil. 

Statistical analysis 

The Kruskal-Wallis test was used for the 

comparison of MIC and MFC values be-

tween treatments, which was then fol-

lowed by Dunn’s post hoc test. The CC50 

values between cell lines were compared 

using a one-way ANOVA followed by 

Tukey’s post hoc test. A P value < 0.05 

was considered to be statistically signifi-

cant. All of the analyses were performed 

using GraphPad Prism v. 9.0 (GraphPad 

Software, San Diego, CA, USA). 
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RESULTS  

GC-MS analysis produced very similar 

results for both essential oils. Table 1 pre-

sents the main components and their rela-

tive proportions as mean percentages ± SD. 

The chemical analysis also confirmed the 

very high purity of both oils, with 1,8-

cineole (87.1±1.2%) and thymol (98.8± 

0.5%) being the dominant components in 

myrtle and thyme oils, respectively. In 

myrtle oil, α-terpineol (4.2±0.3%), linalo-

ol (2.5±0.2%), and p-cymene (1.1±0.1%) 

were identified as minor constituents. 

Thyme oil contained trace amounts of p-

cymene (0.5±0.05%) and carvacrol (0.3± 

0.02%). These profiles are in agreement 

with what was previously reported before 

for high-quality essential oils from these 

plant species (Baptista et al., 2022). 

The twelve clinical isolates exhibited 

varying levels of susceptibility to the test-

ed compounds (Table 2). All isolates were 

obtained from animals presenting with 

either fixed cutaneous or lymphocuta-

neous forms of the disease. Species identi-

fication by ITS sequencing revealed a 

predominance of S. schenckii (n=8), fol-

lowed by S. globosa (n=3) and S. mexi-

cana (n=1). Representative clinical imag-

es of affected sheep, goats, and farm cats 

are presented in Fig. 1. 

The antifungal susceptibility testing 

found large differences between essential 

oils and conventional drugs (Table 3). 

Myrtle oil showed the strongest activity, 

Table 1. Major chemical constituents (mean % ± SD) of Myrtus communis and Thymus vulgaris es-

sential oils (n=3) 

Chemical compound Retention index (RI) 
Myrtle oil  

(M. communis) 

Thyme oil  

(T. vulgaris) 

1,8-cineole 1033 87.1 ± 1.2% – 

Thymol 1290 – 98.8 ± 0.5% 

α-terpineol 1189 4.2 ± 0.3% – 

Linalool 1098 2.5 ± 0.2% – 

p-cymene 1026 1.1 ± 0.1% 0.5 ± 0.05% 

Carvacrol 1299 – 0.3 ± 0.02% 

Other compounds – 5.1 ± 0.4% 0.4 ± 0.03% 

Table 2. Demographic and molecular characterisation of clinical Sporothrix spp isolates (n=12) 

Isolate ID Source Governorate Clinical form Species (ITS) 

KRB-S1 Sheep Karbala Fixed cutaneous S. schenckii 

KRB-S2 Goat Karbala Lymphocutaneous S. schenckii 

KRB-C1 Cat Karbala Lymphocutaneous S. globosa 

KRB-S3 Sheep Karbala Fixed cutaneous S. schenckii 

BAB-G1 Goat Babylon Fixed cutaneous S. schenckii 

BAB-G2 Goat Babylon Lymphocutaneous S. mexicana 

BAB-C1 Cat Babylon Lymphocutaneous S. schenckii 

DIY-S1 Sheep Diwaniyah Fixed cutaneous S. globosa 

DIY-S2 Sheep Diwaniyah Fixed cutaneous S. schenckii 

DIY-G1 Goat Diwaniyah Lymphocutaneous S. schenckii 

DIY-C1 Cat Diwaniyah Lymphocutaneous S. globosa 

DIY-G2 Goat Diwaniyah Fixed cutaneous S. mexicana 
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with MIC values ranging from 31.25 to 64 

µg/mL for all clinical isolates. The MIC50 

and MIC50 were 32 µg/mL (95% CI: 28–

36) and 64 µg/mL (95% CI: 64–64) re-

spectively. Also of note were the MFC 

which at 62.5 to 125 µg/mL show a fungi-

cidal effect. Thyme oil showed a moderate 

level of antifungal action, with MIC val-

ues from 64 to 256 µg/mL, also the 

MIC50/MIC90 were 128/256 µg/mL. In 

fact, the reference antifungal drugs 

showed a substantial drop in efficacy. 

Itraconazole MIC values ranged from 4 to 

>16 µg/mL, and both the MIC50 and 

MIC90 were over 16 µg/mL. Additionally, 

amphotericin B had MIC values of 1 to 

>16 µg/mL, with its MIC50 and MIC90 

also being greater than 16 µg/mL. The 

statistical analysis confirmed that the MIC 

values for the essential oils were signifi-

cantly lower than those of itraconazole 

and amphotericin B (P<0.001). Applying 

the updated CLSI-endorsed ECV thresh-

olds (Santos et al., 2026), 11 out of the 12 

clinical isolates (91.7%) were classified as 

non-wild-type (NWT) for itraconazole 

(MIC >4 µg/mL). Only one isolate (S. 

schenckii DIY-S2) had an itraconazole 

MIC of 4 µg/mL, classifying it as wild-

type. For amphotericin B, applying the 

revised threshold of >4 µg/mL, eight out 

of the twelve isolates (66.7%) were classi-

fied as NWT. 

In looking at the data by animal 

source, myrtle oil’s antifungal activity was 

very consistent across isolates from sheep 

(MIC range: 31.25–64 µg/mL), goats 

(MIC range: 32–64 µg/mL), and cats 

(MIC range: 31.25–64 µg/mL), with no 

statistical difference observed between 

these groups (P=0.78). A similar trend was 

also shown with thyme oil, which had 

higher overall MIC values. Details of in-

dividual MIC and MFC values for each 

clinical isolate are presented in Table 4. 

  

A B 

 

Fig. 1. Clinical manifestations of sporotri-

chosis in farm animals. A. Nodular and ulce-

rative lesions on the forelimb of a sheep  

(isolate KRB-S1); B. Crusted, verrucous le-

sions on the face of a goat (isolate BAB-G1); 

C. Multiple ulcerated nodules with draining 

tracts on the face and neck of a farm cat (iso-

late KRB-C1) (bar = 20 mm).  C 
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The SEM analysis provided clear visual 

evidence of the fungicidal impact of tested 

essential oils (Fig. 2). The untreated 

Sporothrix schenckii cells maintained in-

tact hyphal structures with smooth, con-

tinuous cell walls. However, the picture 

was quite different for cells exposed to 

myrtle oil at its MFC for 24 hours; here, 

severe structural damage, including cell 

wall collapse, surface wrinkling, and visi-

ble cytoplasmic leakage were saw. Similar 

patterns of damage in the cells treated 

with thyme oil were also noticed, though 

these changes appeared somewhat less 

intense. 

The quantitative analysis of morpho-

logical damage which supported the SEM 

results demonstrated  that in the case of 

myrtle oil treatment over 90% of the cells 

were damaged in all three species: S. 

schenckii which had 94.5±2.3%, S. glo-

bosa which had 92.1±2.8% and S. mexica-

na which had 95.8±1.9%. For thyme oil 

damage ranged between 85.6–89.2% of 

the cells which did vary by species. The 

controls which didn’t receive any treat-

ment had very little damage (less than 

5%) and in the case of the itraconazole 

treatment included as a positive control, 

only moderate changes which translated to 

 
Fig. 2. Scanning electron micrographs of Sporothrix schenckii (isolate KRB-S1) following 24-hour 

exposure to test compounds at MFC concentrations. A. Untreated control showing intact hyphal 

structures; B. Cells treated with myrtle essential oil (64 µg/mL) displaying severe structural damage, 

including cell wall disruption and morphological collapse (arrows); C. Cells treated with amphoteri-

cin B showing moderate structural alterations (arrows); D. Cells treated with thyme essential oil 

(256 µg/mL) showing moderate membrane disruption (arrows). Scale bars: 10 µm (main images) 

and 2.5 µm (insets). 
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38.9–44.5 % damaged cells were seen; 

which is what we would expect from a 

fungistatic agent (Table 5). 

The human cell line study established 

that the essential oils possessed very fa-

vourable toxicity profiles for intended 

applications, with myrtle oil doing espe-

cially well in terms of lower toxicity (Ta-

ble 6; Fig. 3). Myrtle oil tested on HaCaT 

keratinocytes, HDF fibroblasts, and 

HepG2 hepatocytes showed CC50 values 

of 750 µg/mL (95% CI: 720–780), 720 

µg/mL (95% CI: 690–750), and 680 

µg/mL (95% CI: 650–710), respectively. 

Also, the observed selectivity index values 

of 11.7, 11.3, and 10.6 indicated a very 

large therapeutic window. As to thyme oil, 

although it performed less favourably, its 

CC50 values for the tested cell types 

ranged from 520 µg/mL (HepG2) to 610 

µg/mL (HaCaT), and its selectivity index 

came out between 2.0 and 2.4. 

 

 

DISCUSSION 

In our belief, this study presents very 

strong preclinical data supporting the use 

of Myrtus communis and Thymus vulgaris 

essential oils as highly effective antifungal 

agents, which also perform well against 

drug-resistant Sporothrix spp. from farm 

animals and cats. Our main finding – myr-

tle oil’s powerful fungicidal activity, as 

seen in the MIC50 and MIC90 values of 32 

and 64 µg/mL respectively – is an especi-

ally important point when considering the 

remarkably low efficacy observed from 

traditional antifungals. The conventional 

drugs we looked at, itraconazole and am-

photericin B, had MIC90 values over 16 

µg/mL. This aligns perfectly with what 

was recently reported regarding the grow-

ing issue of antifungal resistance in clini-

cal Sporothrix spp. strains (Borba-Santos 

et al., 2015; Rodrigues et al., 2022).  

The high MIC values for itraconazole 

present a cause for careful consideration.  

Table 5. Quantitative analysis of morphological damage in Sporothrix spp cells following treatment 

(mean % of damaged cells ± SD, n=5 fields) 

Tested agent S. schenckii (n=8) S. globosa (n=3) S. mexicana (n=1) 

Control (untreated)   3.2 ± 1.1%   2.8 ± 0.9%   4.1 ± 1.3% 

Myrtle oil (MFC) 94.5 ± 2.3% 92.1 ± 2.8% 95.8 ± 1.9% 

Thyme oil (MFC) 87.3 ± 3.1% 85.6 ± 3.5% 89.2 ± 2.7% 

Itraconazole (8 µg/mL) 41.2 ± 4.5% 38.9 ± 4.1% 44.5 ± 4.8% 

 

Table 6. Cytotoxicity (CC50) and selectivity index (SI) of essential oils on human cell lines 

Essential oil Cell line CC₅₀ (µg/mL) (95% CI) Highest MIC (clinical) SI = CC50/MIC 

Myrtle oil HaCaT 750 (720–780) 64 11.7 

Myrtle oil HDF 720 (690–750) 64 11.3 

Myrtle oil HepG2 680 (650–710) 64 10.6 

Thyme oil HaCaT 610 (580–640) 256 2.4 

Thyme oil HDF 580 (550–610) 256 2.3 

Thyme oil HepG2 520 (490–550) 256 2.0 
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Using epidemiological cutoff values, all 

twelve clinical isolates were found to be 

non-wild-type for itraconazole. This find-

ing indicates reduced azole susceptibility 

that is not a result of past drug exposure, 

as the affected animals had no history of 

antifungal treatment. This points to intrin-

sic rather than acquired resistance, which 

may in fact result from natural genetic 

diversity within Sporothrix spp. popula-

tions in agricultural settings. As reported 

by Czajka et al. (2023), mechanisms of 

resistance often include changes in 

lanosterol 14α-demethylase, overexpres-

sion of efflux pumps, and alterations in 

ergosterol biosynthesis. Furthermore, the 

consistent elevation in MIC values across 

multiple Sporothrix spp species suggests 

that resistant strains may be more wide-

spread in zoonotic populations than rec-

ognised thus far. 

Interestingly, the remarkably high 

prevalence of NWT isolates observed in 

our livestock cohort contrasts sharply with 

recent global epidemiological data. In a 

landmark multicenter study, Santos et al. 

(2026) reported that less than 10% of S. 

schenckii isolates were classified as NWT 

for itraconazole using these newly estab-

lished ECVs. Conversely, other regional 

studies (Waller et al., 2021) have reported 

highly variable and elevated NWT rates 

across different itraconazole susceptibility 

evaluations. The strikingly high NWT rate 

(91.7%) in our isolated animal popula-

tion,even when applying the most updated 

and lenient ECV criteria, suggests that 

environmental Sporothrix strains circulat-

ing in Iraqi agricultural settings may pos-

sess unique intrinsic resistance mecha-

nisms. Alternatively, unrecognised envi-

ronmental selective pressures in these 

specific farm ecosystems might be driving 

this pronounced reduced susceptibility, 

warranting urgent genomic surveillance. 

Myrtle oil shows antifungal action 

which is in agreement with past studies 

which reported its wide range of antimi-

crobial properties. Nardoni et al. (2015)  

reported very good results of M. com-

munis essential oil against dermatophytes 

which in turn gives us a base to look at its 

action on Sporothrix spp. This is mainly 

due to the high 1,8-cineole content 

(87.1%) as this monoterpene that also has 

very well documented antimicrobial prop-

erties (Dhouibi et al., 2023). Thyme oil 

dominated by thymol (98.8%) demon-

strated only moderate activity with MIC 

values of 64–256 µg/mL. As affirmed by 

Waller et al. (2016) it was sene in vitro 

that S. brasiliensis and S. schenckii are 

susceptible to essential oils which have 

similar MIC values which in turn supports 

the idea that essential oils may present a 

very good alternative for cases resistant to 

current treatments. 

In terms of what is known about the 

action of essential oils against fungi, we 

have mainly looked at bacteria and Can-

dida species. Thymol is suggested to acts 

by breaking down the integrity of the cy-

toplasmic membrane and also by inhibit-

ing ATPase enzymes (Tariq et al., 2019), 

and 1,8-cineole is said to increase mem-

brane fluidity and permeability (Shahina 

et al., 2022). It is also important to note 

that for Sporothrix species in particular, 

we do not have the same level of experi-

mental validation for these mechanisms, 

and so any direct application of the data 

should be done with care. The presented 

scanning electron microscopy evidence 

support a picture of membrane disruption, 

but in terms of what the exact mechanism 

is, further research is still needed. 

The selectivity index (SI) is a key pa-

rameter to evaluate therapeutic promise. 

In our tests myrtle oil was found to have 

an excellent safety profile, maintaining SI 
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values well over 10 across all used human 

cell lines. This easily meets the accepted 

criteria for an adequate therapeutic win-

dow when developing topically applied 

agents (Bhattacharya et al., 2021). On the 

other hand, thyme oil did not perform 

nearly; it returned much lower SI values, 

in the 2.0–2.4 range, which points to a 

dangerously narrow margin between its 

efficacy and potential toxicity. Based on 

these findings, we believe myrtle oil offers 

a much safer and better-balanced option 

for skin application in veterinary settings. 

Ultrastructural changes observed with 

scanning electron microscopy also support 

these findings. Cell damage was observed 

in more than 90% of cells exposed to myr-

tle oil. The type of observed damage is 

indicative of fast and unspecific mem-

brane permeabilisation. Due to this mech-

anism of action, acting on essential fungal 

structures, it might be possible to affect 

strains resistant to fungicides that require 

specific inhibition of biochemical path-

ways such as itraconazole. Resistance to 

antimicrobial compounds can be bypassed 

by compounds that have multiple targets. 

This is one of the proposed benefits of 

essential oils (Mittal et al., 2019).  

In terms of what is seen in the real 

world, the economic issue of sporotricho-

sis to livestock farmers goes beyond the 

cost of treatment to also include reduced 

productivity and zoonotic risk (Bose & 

Siva Kumar, 2025). Also, the convention-

al antifungals are very expensive and in 

short supply in many agricultural areas, 

which in turn makes them impractical for 

routine use (Rodrigues et al., 2014). 

Therefore, the essential oils from common 

plants may present an accessible and cost-

effective alternative for topical treatment 

in farm animals. The in vivo validation, 

investigation into the synergistic actions 

with conventional antifungals, and the 

development of stable topical formula-

tions that are optimised for veterinary use 

are topics for future research.  

It is important to note a few limita-

tions. The in vitro results require verifica-

tion in animal models. Also, the precise 

action of the antifungal in Sporothrix spp. 

is still not known. Furthermore, we have 

not looked at long-term stability or re-

sistance development. This study presents 

a very strong preclinical base for essential 

oil treatments, which in the case of myrtle 

oil, makes it a very promising candidate 

for use as a topical antifungal for veteri-

nary sporotrichosis. 

CONCLUSIONS 

This research presents in-depth preclinical 

data supporting the in vitro antifungal 

action of Myrtus communis and Thymus 

vulgaris essential oils against drug-

resistant Sporothrix spp. strains obtained 

from livestock and farm cats. Myrtle oil, 

in particular, delivered highly promising 

results; it demonstrated a potent fungicidal 

action (MIC50 of 32 µg/mL) alongside an 

excellent safety profile (SI >10), which 

comfortably meets the criteria for topical-

ly applied agents. Both essential oils sig-

nificantly outperformed the conventional 

antifungal treatments against these re-

sistant strains. Furthermore, scanning 

electron microscopy identified extensive 

morphological damage, which is a strong 

indicator of a membrane-disrupting mech-

anism. Ultimately, essential oil-based 

formulations – especially those utilising 

myrtle – represent a very real and accessi-

ble treatment option for veterinary 

sporotrichosis, particularly in resource-

limited agricultural settings. Further ex-

ploration via in vivo studies and formula-

tion development is the next logical step 
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to translate these laboratory results into 

practical clinical applications. 
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