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Dematophytosis is a common infectious skin disease caused by various fungi of the  

Microsporum, Trichophyton and Epidermophyton species. Microsporum canis (M. canis) is 

causing dermatophytosis in small animals, and it is a zoonotic disease. Treatment of 

dermatophytosis ensures milder clinical signs and faster recovery. Cobalt nanoparticles (Co 

NPs) are currently being researched in order to find therapeutic uses, such as anti-cancer, 

anti-microbial and anti-fungal properties.  

 

The aim of this thesis was to study the antifungal effect of cobalt nanoparticles on the 

growth of M. canis. Our study was a laboratory study carrying out experiments in vitro. 

Mixtures of different concentrations of Co NPs with Aloe vera gel and Phosphate Buffered 

Saline solution were created to test the antifungal properties against dermatophyte M. canis. 

The results showed that where Co NPs were used, there was no growth of M. canis. The Co 

NPs are exhibiting an antifungal effect and more research should be done investigating 

further and on the toxicity. Co NPs could possibly be considered a future treatment of 

dermatophytosis caused by M. canis. 
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Dermatofütoos on üldlevinud nahaseenhaigus, mida põhjustavad perekondadesse 

Microsporum, Trichophyton ja Epidermophyton kuuluvate seente liigid. Microsporum 

canis’e (M. canis) poolt põhjustatud dermatofütoos on zoonootiline haigus, mis on väga 

nakkav nii väikeloomadele kui inimestele üle maailma. Dermatofütoosi ravi tagab 

kergemad kliinilised tunnused ja kiirema paranemise.  Käesolevate teadusuuringute raames 

uuritakse koobalti nanoosakeste terapeutilisi kasutusvõimalusi, nende vähivastaseid, 

antimikroobseid ja seentevastaseid omadusi.  

 

Antud lõputöö eesmärgiks oli uurida koobalti nanoosakeste seentevastast toimet 

dermatofüüt M. canis’e kasvu suhtes. Uurimine viidi läbi laboratooriumis ja katsed teostati 

in vitro. Valmistati erinevate kontsentratsioonidega koobalti nanoosakeste ja Aloe vera  

geeli ning fosfaatpuhvri lisandiga keedusoolalahused. Katse tulemused näitasid, et koobalti 

nanoosakeste kasutamisel ei toimunud M. canis’e kasvu ja võis täheldada koobalti 

nanoosakeste seentevastast toimet. Edasiste uuringute käigus tuleb teostada täiendavad 

katsed koobalti nanoosakeste seentevastase toime väljaselgitamiseks, samuti koobalti 

nanoosakeste toksilisuse uurimiseks. Koobalti nanoosakesed võivad osutuda M. canis’e 

poolt põhjustatud dermatofütoosi tulevikuraviks. 

 

Märksõnad: Microsporum canis, koobalti nanoosake, seenevastane 
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INTRODUCTION 

Microsporum canis (M. canis) is a fungus belonging to the group of dermatophytes. 

Dermatophytes cause infection of the skin called dermatophytosis in animals and humans.!

Dermatophytosis is also more commonly known as ringworm (Gudding and Lund, 1995; 

Chermette et al., 2008).!Dermatophytosis is known to be a self-limiting disease (Gudding and 

Lund, 1995), but to ensure faster recovery, treatment is considered necessary (Chermette et al., 

2008). Treatment of infection also lowers risk of human infection and infection of other in-

contact animals (Abdalla, 2018).!There have been increasing reports of antifungal resistance and 

dermatophytosis treatment failures (Aneke et al., 2018).  

 

Nanomaterials have attracted attention for the development of new technologies (Xue et al., 

2016). Nanoparticles are part of the nanomaterials that also includes nanocomposites, nanoplates, 

nanotubes, nanorods and nanosheets (Liu and Kong, 2021). The recent advances in the field of 

nanomaterial synt and nanotechnology enable the development of innovations in many fields of 

applications like nanomedicine (Carabineiro, 2017), cell biology (Dayem et al., 2017), cosmetics 

(Fukui, 2002) and antimicrobial agents (Sánchez-López et al., 2020), amongst other. The 

antifungal properties of nanomaterials like silver nanoparticles (Mousavi et al., 2018) or metal 

complexe like Furanyl-, Thiophenyl-, Pyrrolyl-, Salicylyl- and Pyridyl-derived Cephalexins 

(Co2+, Cu2+, Ni2+, Zn2+) have been investigated (Chohan et al., 2004). The novelty of this thesis 

lies on it being the preliminary study of the antifungal properties of Co NPs that have never been 

investigated due to their pyrophoric properties (Rauwel et al., 2020). The research group of 

Professor Rauwel developed a new synthesis that enables to synthesize cobalt nanoparticles (Co 

NPs) that are stable under air for more than five years, which allows to assess their antifungal 

properties that have never been investigated before. For these reasons, the antifungal properties 

of Co NPs have been preliminary assessed in the frame of this thesis.  

 

This study was a laboratory study carrying out experiments in vitro. The hypothesis was that Co 

NPs exhibit antifungal activity and are able to inhibit the growth of dermatophyte fungus M. 

canis.  
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1. LITERATURE REVIEW 

1.1. Derm atophytosis 

Deramtophytosis is a fungal disease that causes superficial skin lesions (Moriello et al., 2017).!It 

is the most common fungal disease in small animals (Mattei et al., 2014).!  The fungi live as 

parasites on the skin and can be varied species of Microsporum, Trichophyton, or 

Epidermophyton (Gudding and Lund, 1995; da Cunha et al., 2019). The species Trichophyton 

verrucosum (T. verrucosum) causes commonly bovine ringworm in cattle, Microsporum canis 

(M. canis) and Microsporum gypseum (M. gypseum) are the predominant pathogens for infection 

in cats and dogs (Nardoni et al., 2013; Lund et al., 2014), M. canis as well in young horses 

(Chermette et al., 2008). 

1.1.1. Epidemiology 

Dermatophytosis is known worldwide and affects wide range of animals (Moriello et al., 2017). 

It is transmitted through direct contact and the transmission can happen despite host animal being 

symptomatic or asymptomatic (da Cunha et al., 2019). Transmission can also happen with 

fomites, for example through brushes, bedding and collars (Moriello et al., 2017). The true 

prevalence of the disease is difficult to determine, since it is not a reportable disease and does not 

commonly lead to the death of an affected host. It is reported more in animals that live in groups 

or in free-roaming cats (Moriello et al., 2017). In a study conducted by da Cunha et al. (2019) 

they found that animals up to five months of age were most affected by M. canis infection, which 

would indicate that juvenile animals are more affected. This is likely related to the fact that 

young animals have less developed immune system (da Cunha et al., 2019). 

From the dermatophytes that are causative of human infection, M. canis is associated with pets 

as the source, whereas other microorganisms associated with dermatophytosis are contracted 

from the environment (Havlickova et al., 2008). M. canis can survive in household environment 

up to 12−18 months and stays viable by habiting animal fur lying on the floors. The 

contamination of the environment is common route of infection of owners and reinfection of the 

pet animals. Cleaning and disinfecting the surfaces decrease the prevalence of M. canis fomites 

in the environment (da Cunha et al., 2019). 



! 9!

The main routes of M. canis infection were found in cats to be between stray cats or pet shops 

and for dogs mainly pet shops, as concluded by epidemiological study conducted by Yamada et 

al. (2019) in Japan. M. canis infections were not as frequent in stray dogs as in stray cats, which 

can be explained by the fact that the populations of stray cats are larger and number of stray dogs 

has decreased (Yamada et al., 2019). 

1.1.2. Pathogenesis 

There are three stages to the dermatophyte infection (Moriello et al., 2017). Firstly, the 

arthroconidia of the dermatophytes is able to attach to skin cells (corneocytes). This happens 

within 2–6 hours after exposure. Secondly, the arthoconidia starts to germinate and lastly the 

dermatophyte starts to invade keratinized structure with its hyphae. After seven days the hyphae 

has begun to form arthroconidia and the life cycle is thus complete (Moriello et al., 2017). 

It is possible for the dermatophytes to protect themselves against the host immune system. This 

happens by either inhibiting lymphocytes, altering the function of macrophages or by altering the 

keratinocyte turnover (Moriello et al., 2017). 

1.1.3. Zoonotic properties 

Dermatophytosis is a zoonosis (Gudding and Lund, 1995; Lund et al., 2014), apart from M. 

gypseum that is not considered to be zoonotic (Nardoni et al., 2013). Out of all the 

dermatophytes, M. canis is considered to be the dermatophyte with the most zoonotic potential 

(da Cunha et al., 2019). When dermatophytosis is manifesting in humans it is termed tinea, and 

is classified according to the location on the body (Havlickova et al., 2008; Yamada et al., 2019). 

From the dermatophytes that are the cause of human infection, M. canis is singled out, as it is 

associated with pets as the source (Figure 1), whereas the other dermatophytes are contracted 

from the environment  (Havlickova et al., 2008). 
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Figure 1. Zoonotic dermatophytosis lesion in human and dog (Chermette et al., 2008).   

 

1.2. Microsporum canis 

Microsporum genus falls under the family Arthrodermataceae. The genera of other common 

dermatophytes, Trichophyton and Epidermophyton, are also classified under the same family. 

Arthodermataceae are divided into seven clades (A to G) and Microsporum is in its own, Clade 

F (Figure 2). To clade F belongs M. canis, as well as Microsporum audouinii  and Microsporum 

ferruingenum (de Hoog et al., 2017). The different genera can be differentiated by their 

molecular structure (Mattei et al., 2014).  
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Figure 2. Scheme of the clades A to G, which are divided under family Arthrodermataceae. 

Clade F consists of the Microsporum species (de Hoog et al., 2017). 

 

The colonies of M. canis are cottony with either creamy yellowish or brownish color (de Hoog et 

al., 2017).! The surface is flat and powdery to granular (Figure 3) (Mattei et al., 2014). The 

macrocondia are multi-cellular with thick and rough walls and have fusiform or cigar shapes. 

The microcondia are monocellular, with thin and smooth walls (Figure 3) (Mattei et al., 2014; de 

Hoog et al., 2017).!

!

!

!

!

!

!
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Figure 3. The yellow brownish colonies of Microsporum canis (1A)) and the macrocondia and 

microcondia of Microsporum canis (1B)) (Mattei et al., 2014) 

1.2.1. Animal species affected by Microsporum  

The Microsporum species affect several of the domestic animals. Dermatophytes belonging to 

the genera Microsporum are the most common dermatophytes in small animals, together with the 

genera Trichophyton (Moriello et al., 2017). M. canis mainly affects cats and dogs, and 

Microsporum equinum (M. equinum) affects horses (Table 1) (Moriello et al., 2017). The 

modern understanding is that M. equinum is considered to be a synonym to M. canis (Chermette 

et al., 2008). 

Table 1. Dermatophytes of the Microsporum canis species, the main animals involved and 

resevoirs (Moriello et al., 2017) 

Dermatophyte Main animals involved and reservoirs 

Microsporum canis Cats, dogs 

Microsporum equinum Horses 

Microsporum gypseum Soil 

Microsporum persicolor Rodents, voles 

Microsporum nanum Pigs 
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For cats, M. canis infection is recognized as the most common fungal disease (Frymus et al., 

2013). M. canis is not part of the normal skin flora in cats, and isolation of M. canis, even in 

clinically healthy animal, always means there is subclinical infection, or alternatively fomite 

carriage (Frymus et al., 2013).!

1.3. Clinical signs of dermatophytosis 

The dermatophytes cause different variations and different combinations of skin lesions. The 

different common clinical signs are hair loss, erythema, papules, crusts, hyperpigmentation, and 

changes in hair growth (Moriello et al., 2017). Usually the lesions appear unsymmetrical and 

there is usually no pruritus present, however it is still a possible clinical sign (Moriello et al., 

2017).!Typical lesion is a rounded alopecia spot with red margins (erythema) and lesion can be 

limited just to one or there can be several (Mattei et al., 2014). The severity of the clinical signs 

is related with degree of inflammation, which depends on the animal’s immune system 

interacting with the dermatophyte (Mattei et al., 2014). 

The most common symptoms in small animals that have been especially associated with M. 

canis infection is scaling and crusts on skin (Figure 4) (Frymus et al., 2013). Other clinical signs 

that have been observed are erythema, folliculitis and kerion (Figure 5) (Chermette et al., 2008). 

The location of lesions varies from head, both front and back limbs to the trunk and tail area (da 

Cunha et al., 2019). In most severe cases, even total alopecia of the body is possible (Figure 6)  

(Chermette et al., 2008). 
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Figure 4. Scaling of the skin of a cat, a clinical sign of dermatophytosis (Frymus et al., 2013).  

 

Figure 5. Dog has kerion on the lip, a clinical sign of dermatophytosis (Chermette et al., 2008). 
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Figure 6. Total body alopecia in a dog, a clinical sign of dermatophytosis (Chermette et al., 

2008). 

Usually for cats suffering from M. canis infection, mild forms of clinical signs are observed. 

Clinical signs include commonly hair loss (alopecia) and scaling. In cats, the hairless lesions 

vary in size from very small to 4−6 cm in diameter (Frymus et al., 2013). If the cat is immune 

compromised the signs are more severe and a more generalized skin disease develops (Figure 7) 

(Frymus et al., 2013). 

Figure 7. Immune compromised cat with generalized skin disease due to Microsporum canis 

infection (Frymus et al., 2013). 
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1.4. Diagnosis of dermatophytosis 

Currently there is no single golden standard diagnostic measure for diagnosing dermatophytosis, 

but the key factor for controlling of the disease is fast diagnosing due to the very infectious and 

contagious nature of the dermatophytes (Moriello et al., 2017). Additionally to recognizing the 

clinical signs, there are many diagnostic tests for the diagnosing of dermatophytosis, such as 

Wood’s lamp, direct examination, fungal culture, and biopsy (Moriello et al., 2017). Also, it is 

possible to do dermoscopy, if Wood’s lamp is not available or there is still strong suspicion after 

negative test result (Moriello et al., 2017). 

1.4.1. Clinical examination 

Wood’s lamp is used at clinics to diagnose dermatophytosis. Microbial organisms that produce 

phosphors when they inhabit skin or hair and they can be detected with Wood’s lamp (an UV 

lamp that emits light at wavelengths between 320 and 400 nm) due to the fluorescence (Figure 8) 

(Abdalla, 2018). M. canis has a characteristic green fluorescence, when examined with Wood’s 

lamp. Wood’s lamp is important especially in cases of M. canis infection, because out of the 

dermatophytes, only the Microsporum genus except for also Trichophyton schoenleinii, are 

producing fluorescence and are thus visible under Wood’s lamp (Dong et al., 2016; Moriello et 

al., 2017). 
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Figure 8. Cat with alopecia at the ear and around the eye (a) and same cat under Wood’s lamp, 

visualizing the fluorescence due to Microsporum canis infection (b) (Abdalla, 2018).!

!

Simultaneous illumination and magnifying of skin is called dermoscopy. Dermoscopy reveals 

“comma-like” hairs, which are not normal in healthy fur (Figure 9) (Dong et al., 2016). The 

“comma-like” hairs in animal fur is associated with dermatophytosis. In case Wood’s lamp fails 

to show fluorescence, examination with dermoscopy could be useful (Dong et al., 2016). 

Dermoscopy is a non-invasive method, but requires patient to be completely still, which is 

especially difficult when examining cats (Dong et al., 2016; Moriello et al., 2017). Dermoscopy 

is commonly used in human medicine (Moriello et al., 2017).! In a study about feline 

dermatophytosis conducted by Dong et al. (2016) dermascopy was proven to be useful for the 

diagnosing of dermatophytosis, but that definitive diagnosis should always be based on clinical 

signs combined with appropriate diagnostic tests. 
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Figure 9. “Comma-like” hairs (red arrows) in the fur of a cat with dermatophytosis (Dong et al., 

2016). 

1.4.2. Laboratory examination!

Direct examination is plucking of hair and examining the hairs under microscope. Dermatophyte 

infection can be confirmed if hyphae and/or fungal spores are found, which makes this a fast 

diagnostic technique. A weakness of this method is that it is difficult to find spores on dark hairs 

(Moriello et al., 2017).!

Fungal culture is used for detection of either presence or absence of fungal spores. Methods of 

sampling for culture are hair brushing, hair plucking and tape sampling (Moriello et al., 2017). 

Out of these hair brushing is most efficient and most used. It is important to note that this method 

is sensitive to detecting spores and easily might give false positives without actual infection 

(Moriello et al., 2017).!False negatives are possible, if species of Aspergillus contaminate the 

sample. Aspergillus is able to grow fast and can easily outgrow M. canis in a culture (Dong et al., 
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2016).! The Dermatophyte Test Medium (DTM) kit is widely used in veterinary medicine 

(Chermette et al., 2008). The basic idea of DTM is to suppress growth of other pathogens, such 

as bacteria and other fungi, in order to effectively detect growth of dermatophytes (Moriello et 

al., 2017). Dermatophytes growing on the DTM will result in a pH change, which in turn makes 

the DTM to change colour from yellow to red (Moriello et al., 2017).  

Taking biopsy of affected area allows histological investigation (Moriello et al., 2017). Special 

staining is needed for identification of dermatophytes, either periodic acid Schiff  (PAS) stain or 

Grocott methenamine silver (GMS) stain should be used. Biopsy is a rarely used as diagnostic 

method for dermatophytosis and it cannot differentiate the dermatophyte species from each other 

(Moriello et al., 2017). 

From fungal culture or a biopsy, it is possible to do polymerase chain reaction (PCR). PCR 

makes it possible to differentiate the different dermatophyte species apart. Active infection, 

fomites present in animals’ fur and also already healed all lead to a positive PCR test, due to the 

high sensitivity (Moriello et al., 2017). 

Controlling the successful outcome of treatment could be either by negative PCR or by 

combination of no clinical signs, negative Wood’s lamp, and negative fungal culture (Moriello et 

al., 2017). 

1.5. Treatment and prevention of dermatophytosis!

Dermatophytosis is a self-limiting disease; both the innate and the acquired immune systems are 

required for sufficient immune response. The cellular and the humoral responses need to be 

activated for a decreased fungal infection. (Gudding and Lund, 1995; Lund et al., 2014). The 

epidermis of the skin consists of Langerhans cells that are able to trap the dermatophytes. The 

dermatophytes function as antigens. Cytokines are believed to stimulate the transportation of 

these antigens from the Langerhans cells to lymph nodes (Gudding and Lund, 1995). At the 

lymph nodes the antigens are presented to T lymphocytes. In an infected animal the number of 

lymphocytes and inflammatory cells is increased in the dermis (Gudding and Lund, 1995).!Once 

an animal has suffered the disease it will have life-long immunity against it (Lund et al., 2014).!

Systemic and topical anti-fungal treatment should be considered, and for small animals there are 

several preparations available (Chermette et al., 2008). Antifungal treatment shortens the 
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duration of the infection in animal and is helpful with the recovery of the skin (Figure 10) (Hsiao 

et al., 2018). Treatment of infection also lowers risk of human infection and infection of other in-

contact animals (Abdalla, 2018). In longhaired animals clipping of hair can be useful to facilitate 

the owners with the animals' home treatment (Chermette et al., 2008).  

 

Figure 10. Cat with vast alopecia before treatment (A) and rapid recovery in same cat after 

treatment with antifungals (B) (Hsiao et al., 2018). 

1.5.1. Systemic treatment!

Griseofluvin has been seen as the gold standard for the systemic treatment in animals (Chermette 

et al., 2008).!Nowadays itraconazole and terbafine are preferred, due to their effectiveness and 

safety (Moriello et al., 2017). Itraconazole, terbafine, ketoconazole and griseofluvin are 

commonly used as systemic treatment in small animals (Table 2, 3) (Frymus et al., 2013; 

Moriello et al., 2017). However, there have been increasing reports of antifungal resistance for 

M. canis infections (Aneke et al., 2018). For example, griseofluvin and fluconazone are not 

recommended to be used for longer time period (Aneke et al., 2018), and fluconazole and 

ketoconazole are seen as the least effective drugs (Moriello et al., 2017). 
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 Table 2. Systemic drugs used for treatment of dermatophytosis in dogs (Frymus et al., 2013; 

Moriello et al., 2017)!

Drug Dose Administration Contraindications 
Itraconazole 5 mg/kg Once daily for one 

week, continue every 
two weeks for six 
weeks 
Per os (P.O.) 

Pregnant dogs 
Nursing dogs 

Terbinafine 5−20 mg/kg Once daily 3−18 
weeks 
P.O. 

Kidney or liver 
damage 

Ketoconazole 10 mg/kg Once daily for 10 
days to 10 weeks 
P.O. 

Pregnant dogs 

Griseofluvin 20 mg/kg P.O.  Pregnant dogs 

!! !
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Table 3. Systemic drugs used for treatment of dermatophytosis in cats (Frymus et al., 2013; 

Moriello et al., 2017)!

Drug Dose Administration Contraindications 
Itraconazole 5 mg/kg Once daily for one 

week, continue every 
two weeks for six 
weeks 
Per os (P.O.) 

Pregnant cats 
Kittens younger than 
6 weeks 

Terbinafine 30−40 mg/kg Once daily 
P.O. 

Kidney or liver 
damage 

Ketoconazole 2.5−5 mg/kg Twice daily 
P.O. 

Pregnant cats 

Griseofluvin 25−50 mg/kg Once or twice daily 
At least 4−6 weeks 
P.O. 

Sensitive breeds: 
Siamese, Himalayan 
and Abyssinian cats 
Kittens younger than 
6 weeks 

  

 

1.5.2. Topical treatment!

There are many available topical solutions, of which azole derivatives are most popular, such as 

itraconazole, fluconazole, enilconazole and miconazole (Chermette et al., 2008; Moriello et al., 

2017). Other examples of topical drugs used currently are lime sulphur (not to rinse) and 

chlorhexidine shampoo (Moriello et al., 2017; Aneke et al., 2018). In the case of topical 

treatment, the owner's compliance and ability to treat an animal should be kept in mind as a 

factor for possible treatment failure (Aneke et al., 2018). The resistance against topical treatment 

with terbinafine has been reported for the first time in a cat (Hsiao et al., 2018). Resistance 

against topical agents has been reported before in humans, and there is possibility that resistance 

will start increasing within animals as well (Hsiao et al., 2018).!Other reasons for therapy failure 

are drug interactions, severe infection, lacking of environmental control, as well as the topical 

drug not reaching correct site of infection (Aneke et al., 2018). 
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1.5.3. Environmental cleaning 

With the right humidity and temperature, it is possible for the dermatophytes to stay viable in the 

environment (Chermette et al., 2008). The idea with environmental cleaning is to decrease the 

amount of fungal fomites in the environment. Environmental cleaning includes removing pet 

hairs daily and antifungal disinfectants can be used to clean floors, rugs and laundry (Moriello et 

al., 2017). Solution of diluted house hold bleach (1:10) and eniconazole can be used to disinfect 

the environment (Chermette et al., 2008; Moriello et al., 2017). Also equipment, brushes and 

toys can be treated with same solutions (Chermette et al., 2008). Eniconazole is commercially 

available as spray and fogger (Moriello et al., 2017). Other helpful solutions for cleaning are 

accelerated hydrogen peroxide, potassium peroxymonosulfate and general disinfectants with 

antifungal properties, even essential oils has had proven effect on fungi in in vitro experiments 

(Moriello et al., 2017). Textiles achieve proper disinfection by simply mechanical washing in 

laundry machine, with the longest wash cycle and multiple times (Moriello et al., 2017) 

1.5.4. Additional prevention methods!

To prevent spreading, restricting the contact to other animals is advised (Lund et al., 2014).!

However, careful consideration is advised for younger animals or recently adopted animals, since 

the socialization is important for their welfare (Moriello et al., 2017).!!Cleaning, disinfecting and 

removing of hairs is recommended twice weekly in risky environments, such as shelters or in 

homes with infected animals (Moriello et al., 2017). 

 1.5.4.1. Vaccination !

In large animal medicine it has been proven that vaccination against bovine ringworm has had a 

great significance in controlling the disease (Lund et al., 2014). Originally, the success of the 

vaccine was proven in former Soviet Union and was introduced to other European countries in 

the 1970s. In Norway controlled vaccination has resulted in decreased outbreaks of 

dermatophytosis in dairy cattle (Gudding and Lund, 1995; Lund et al., 2014).! The vaccine 

contains a disabled strain of T. verrucosum (Lund et al., 2014). It is important that the strains are 

from live fungal cells, since inactivated preparations of the fungal cells will not give full 

protective immunity (Gudding and Lund, 1995). However, against M. canis no successful 



! 24!

vaccine has been created and vaccination against M. canis infection is at the current moment not 

recommended (Frymus et al., 2013; Moriello et al., 2017).!!

1.6. Metal nanoparticles 

The recent advances in the field of nanotechnology enable the development of innovations in 

many fields of applications like nanomedicine (Carabineiro, 2017), cell biology (Dayem et 

al., 2017), cosmetics (Fukui, 2002) and antimicrobial agents (Sánchez-López et al., 2020) 

amongst other. These are the reasons nanomaterials have attracted attention and their utilization 

in the field of biomedical application appears to be a promising solution for the development of 

new treatment against fungal infections, due to the recent emergence of antimicrobial resistance 

and antifungal resistance against conventional drugs (Xue et al., 2016). Nanoparticles properties 

(i.e. electronic, optical, catalytic, and other physical and chemical properties) differ from their 

bulk counterpart due to their smaller size that ranges from 1 to 100 nm (Xue et al., 2016). They 

exhibit unique properties such as quantum effect, optical properties related to surface defects and 

antimicrobial properties. Nanoparticles are part of the nanomaterials that also includes 

nanocomposites, nanoplates, nanotubes, nanorods and nanosheets (Liu and Kong, 2021).  Along 

with development of nanoparticles, the market for metal nanoparticles has grown rapidly during 

the recent years (Sánches-López et al., 2020). However, there is a concern about their possible 

toxicity for human health (Vimbela et al., 2017; Liu and Kong, 2021) and environment (Buzea et 

al., 2007). Due to their low toxicity for human, silver nanoparticles (Ag NPs) have been more 

particularly investigated for the development of antimicrobial coating (Molling et al., 2014), 

antimicrobial treatment, wound healing bandages and many other biomedical applications 

(Vimbela et al., 2017). Other nanoparticles are also investigated for similar applications, such as 

copper oxide nanoparticles (CuO NPs), gold nanoparticles (Au NPs), zinc oxide nanoparticles 

(ZnO NPs) and cobalt ferrite nanoparticles (CoFe2O4 NPs) (Drašler et al., 2014; Sánchez-

López et al., 2020).  

Nanoparticles can be produced by physical and chemical methods, as well as the green synthesis 

methods (Mousavi et al., 2018; Ahmad et al., 2019; Sánchez-López et al., 2020). The green 

synthesis methods include the utilization of green chemistry, the utilization of microorganisms 

like bacteria, fungi and algae (Ahmad et al., 2019) and the utilization of plant extracts (Küünal et 

al, 2018). Amongst these different methods, green synthesis approaches and more particularly 
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biosyntheses (plant extracts utilization) are the most attractive compared to the so-called 

traditional methods (physical and chemical). In fact, these methods of synthesis are cost-

effective, can be scaled-up (Küünal et al., 2018) and do not involve the production of toxic by-

products (Ahmad et al., 2019). 

1.6.1. Biomedical use of nanoparticles 

From a medicinal point of view, the exceedingly small size of nanoparticles is more particularly 

interesting. Their small size (1−100 nm) allows the nanoparticles to be able to interact with 

structures like cells, which can be of interest for example in drug delivery (Selvakesavan and 

Franklin, 2021). Metal nanoparticles like Ag NPs are able to interact physically with the cell wall 

of microorganisms like bacteria. Metal nanoparticles are positively charged and are thus attracted 

to the negatively charged cell walls (Sánchez-López et al., 2020). The nanoparticles’ positive 

charge is very strong and this interaction will damage the cell wall, which will increase the 

permeability of the cells. The increased permeability means that concentration of metal 

nanoparticles will increase in the cell, and thus will be able to disrupt functions inside the cell 

(Sánchez-López et al., 2020). The penetration of nanoparticles into the bacteria induces the 

generation of reactive oxygen species (ROS) (O2−, OH-, H2O2, O2) that are toxic to bacteria and 

will induce their death. These ROS species can also be produced outside the cells (ions diffusion) 

and can penetrate indirectly the bacteria through cell walls (Sánchez-López et al., 2020). Metal 

nanoparticles have broad-spectrum effect because of their non-specific bonding properties with 

the biomolecules (Sánches-López et al., 2020). For example, Ag NPs, CoFe2O4 NPs, CuO NPs, 

Au NPs, and ZnO NPs have potential use in medicinal and pharmaceutical fields for 

antibacterial, antifungal, antiviral, antiamoebic, anti-cancer, anti-angiogenic and anti-

inflammatory agents (Sánchez-López et al., 2020).   

Metal nanoparticles show great promise as solution to battle antibiotic resistance issue (Sánchez-

López et al., 2020). In a study conducted by Xue et al. (2016), the antifungal properties of Ag 

NPs were proven to have a broader antifungal effect than itraconazole and fluconazole. 

However, Mousavi et al. (2018) studied the antifungal properties of Ag NPs against M. canis and 

found that they were less active than griseofulvin, but it had anti-dermatophytic effect.  CoFe2O4 

NPs are very popular nanomaterials that are studied for medical purposes due to its properties 

(Drašler et al., 2014).  
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The growing interest in metal nanoparticles and the growing utilization in everyday life has 

induced more research about their possible carcinogenic and toxic effects in human body and 

environment. Control of the usage of metal nanoparticles is important, and it is necessary to 

evaluate the potential toxicities and carcinogenities of each new nanoparticles and their safe 

concentrations (Liu and Kong, 2021). For biomedical applications, it is also important to 

understand how these nanoparticles are interacting with the plasma membranes of cell structures 

(Drašler et al., 2014).  Metallic (Cobalt(II), Copper(II), Nickel(II) and Zinc(II)) complexes of 

furanyl-, thiophenyl-, pyrrolyl-, salicylyl- and pyridyl-derived cephalexins have been shown to 

have stronger antifungal effect than cephalexins on their own (Chohan et al., 2004). At the time 

the study on cephalexin complexes was performed, the synthesis and use of metal nanoparticles 

was not investigated (Chohan et al., 2004).  

1.6.2. Cobalt nanoparticles 

The Co NPs are not stable under air if not coated with surfactant or stabilizer, which also shield 

their intrinsic properties (Rauwel et al., 2020). Co NPs are known to exhibit magnetic properties 

and are widely used in the biomedical industry, currently as part of resonance imaging, and are 

also investigated as potential cancer treatment (Liu and Kong, 2021). The anticancer properties 

of Co NPs have been recently assessed (Rauwel et al., 2020). Co NPs are also used in high-

density magnetic storage, magnetic ink, magnetic toner, due to the magnetic properties (Liu and 

Kong, 2021). Cobalt as an element is also known as a non-accumulating metal in human body 

and it is part of the vitamin B12 molecule (Tvermoes et al., 2014).!

 

However, Co NPs have also potential carcinogenic effect depending on the type of nanoparticles 

(metal or metal oxide) and their concentration (Liu and Kong, 2021). Their carcinogenicity is 

still a topic for research (Liu and Kong, 2021). Co NPs are of interest for the development of 

antifungal treatment due to their ability to cause oxidative stress to cells, which can lead to both 

cell injury an/or proliferation. The proliferation of cells caused by Co NPs can potentially lead to 

deoxyribonucleic acid (DNA) damage and mutations (Liu and Kong, 2021). !
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1.7. Conclusion of literature review 

Dermatophytosis is an important zoonotic disease that affects many animals and humans. There 

are many different species of dermatophytes, M. canis being one of the main ones causing 

dermatophytosis. M. canis infection is very common in small animals and the severity of the 

clinical signs varies between individuals. There are many available diagnostic methods to aid the 

diagnosing of the disease. Even though the disease is self-limiting, it is beneficial to implement 

the available treatments. There are emerging issues with resistance against the common 

antifungals used and research for new treatment methods is important. The nanomaterial field, 

especially the nanoparticles are very interesting for veterinary medicine. Cobalt nanoparticles 

have many qualities, which could be utilized in the future medicinal products. It is a good 

candidate for the development of biomedical applications.  
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2. AIM OF THE THESIS 

The aim of the thesis was to study the antifungal effect of cobalt nanoparticles on the growth of 

dermatophyte fungus Microsprum canis in vitro.  

Type of study: laboratory study !
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3. MATERIAL AND METHODOLOGY 

3.1. Microsporum canis isolates 

Isolates of M. canis were provided by the University of Tartu United Laboratories. They had 

been preserved on Sabouraud Dextrose Agar (SDA) Petri dishes (Liofilchem, Italy). Two 

different isolates of the species M. canis were used for this study: 1b (code: YY06933759) and 

4a (code: YY06646371). 1b was isolated from human hair sample and 4a isolated from human 

skin scraping sample. !

3.2. Cobalt nanoparticles 

The Co NPs were synthesized and provided by PRO-1 NANOSolutions Pvt. Ltd. (Estonia). 

These Co NPs are coated by a monolayer of hydroxyl groups (Co(OH)2) (Xie et al., 2020) which 

makes them non-pyrophoric and stable in air. In addition, the Co NPs exhibit a high purity with 

less than 0.9 weight percentage (wt%) of carbon (Rauwel et al., 2020). 

For testing, Co NPs were mixed with Aloe vera (A. vera) gel (Organic Aloe Vera Gel, Aloe Pura 

Laboratories, Optima Consumer Health Ltd, UK) and with Phosphate Buffered Saline (PBS) 

(Sigma, USA). The tests were performed using concentrations of 1wt%, 2wt% and 4wt% of Co 

NPs in A. vera gel and concentration of 400 ppm of Co NPs in PBS solution. The mixture of Co 

NPs and the A. vera gel were thoroughly mixed by using weighting plastic boat and a spatula 

(Figure 11). 
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Figure 11. Cobalt nanoparticles mixed with Aloe vera gel in a weighting plastic boat. Spatula 

was used for mixing (author of photo: Erwan Rauwel, Estonian University of Life Sciences).  

3.3. Testing cobalt nanoparticles against Microsporum canis 

The testing of Co NPs against M. canis isolates was performed at the Microbiological Laboratory 

at the Institute of Veterinary Medicine and Animal Sciences of the Estonian University of Life 

Sciences. SDA (BD BBL ™, France) Petri dishes were prepared according to the manufacturer’s 

instructions. For the cultivation of the isolates SDA Petri dishes and sterile inoculation loop 

(VWR, Italy) 10µl were used. Altogether 24 Petri dishes were performed. The isolates were 

cultivated in two different ways: the inoculum with M. canis was spread throughout the plate (six 

plates for 1b and six plates for 4a) and the inoculum with M. canis was placed in the center of the 

plate (six plates for 1b and six plates for 4a).  

After the Petri dishes had been inoculated with the fungal isolates the A. vera gel drops 

containing different Co NP concentrations (0wt%, 1wt%, 2wt% and 4wt%) and PBS solution 

drops containing 400 ppm of Co NPs were added to the plates in specific spots according to a 

similar pattern in each plate. A. vera gel was added by using the 10µl inoculation loop and PBS 

solution with a positive displacement pipette 10µl and. In the plates where inoculum with M. 

canis had been spread throughout the plate, the A. vera/PBS drops were placed with 2 cm 

distance of each other (Figure 12). In the plates where the inoculum with M. canis was placed in 

the middle, the A. vera/PBS drops were placed with 1 cm distance on one side of the Petri dish 
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and with 2 cm distance on other side of the Petri dish (Figure 13). For the control sample M. 

canis isolates were cultured on SDA, without any added mixtures. The plates were incubated for 

three weeks at 30 °C. The plates were visually assessed every week up to three weeks, the 

macroscopic morphology was observed by eye.  

 

Figure 12. The pattern used for placing drops containing cobalt nanoparticles on plates, where 

the Microsporum canis inoculum was placed throughout the plate (author: Heidi Granholm, 

Estonian University of Life Sciences).!
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Figure 13. The pattern used for placing drops containing cobalt nanoparticles on plates, where 

the Microsporum canis inoculum was placed in the centre (author: Heidi Granholm, Estonian 

University of Life Sciences)!

 

The project was funded with the support of the European Regional Development Fund project 

grant number TK134 “Emerging orders in quantum and nanomaterials” EQUiTANT and 

Estonian Research Council Targeted funding COVSG9 “Use of polymeric nanocomposites in 

anti-viral additives and coatings”. There is no conflict of interest. 
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4. RESULTS 

Isolate 1b of M. canis had a control sample with cottony, light yellow colonies growing so, that 

the colonies covered the whole plate. The control sample of M. canis isolate 4a had cottony, 

yellow and brownish colonies of M. canis growing so, that the colonies covered the whole plate. 

The sample that contained A. vera gel (without Co NPs, 0wt%) had visually similar growth of M. 

canis as the control sample, covering the whole plate. Both of the isolate 1b and isolate 4a 

samples that contained pure A. vera gel (without Co NPs, 0wt%) had visually similar growth of 

M. canis as their respective control samples, covering the whole plate. Antifungal effect of cobalt 

nanoparticles was observed against isolate 1b and isolate 4a samples for all concentration tested 

(1wt%, 2wt% and 4wt%). All of the samples containing Co NPs in either A. vera gel or in the 

PBS solution exhibited antifungal properties and prevented the normal growth of M. canis (Table 

4, 5).  

Table 4. The antifungal effect of cobalt nanoparticles on the growth of Microsporum canis 

isolate 1b 

Mixture with Co NPs Inoculum spread throughout Inoculum in centre 
Control No No 
Aloe vera (AL) No No 
1ALCo Yes Yes 
2ALCo Yes Yes 
4ALCo Yes Yes 
ERCo(PBS) Yes Yes 
 

Table 5. The antifungal effect of cobalt nanoparticles on the growth of Microsporum canis 

isolate 4a  

Mixture with Co NPs Inoculum spread throughout Inoculum in centre 
Control No No 
Aloe vera (AL) No No 
1ALCo Yes Yes 
2ALCo Yes Yes 
4ALCo Yes Yes 
ERCo(PBS) Yes Yes 
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We observed differences in the growth of M. canis isolates depending on whether they had been 

spread with the inoculum throughout the plate or if the inoculum had been placed in the centre of 

the plate. In the plates where inoculum had been spread throughout the plates there was empty 

zones around the pattern, in which the Co NPs had been distributed, but M. canis growth was 

visible in the circumference of the plate. In the plates where inoculum had been placed in the 

centre there was no visible growth of M. canis in the plates (Figure 14, 15). 

Figure 14. The samples containing Microsporum canis strain 1b. In the first row (1) the fungi 

have been placed throughout the plate and in the second row (2) the fungi have been placed in 

the middle of the plate (author of the photo: Harleen Kaur, Estonian University of Life Sciences). 

Figure 15. The samples containing Microsporum canis strain 4a. In the first row (1) the fungi 

have been placed throughout the plate and in the second row (2) the fungi have been placed in 

the middle of the plate (author of photo: Harleen Kaur, Estonian University of Life Sciences). 

! !
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5. DISCUSSION 

The results of our in vitro study showed that the dermatophyte fungus M. canis isolates 1b and 4a 

had visual growth on SDA agar in the control sample and also sample with pure A. vera gel 

without Co NPs. It highlights that pure A. vera gel does not exhibit any antifungal properties and 

does not prevent M. canis growth. In vitro experiments are useful in comparing possible 

antimicrobial activities and there are many reports on antifungal agar tests conducted on 

dermatophytes (Aneke et al., 2018). The colonies growing in the samples were according to the 

description of the typical powdery and cottony structure, with yellowish and brownish colour 

(Mattei et al., 2014; de Hoog et al., 2017). 

This was the first study investigating the possible antifungal properties of Co NPs. The Co NPs 

uptake by cancer cell has previously been assessed by Live-Raman spectroscopy and showed a 

potential to induce apoptosis (Rauwel et al., 2020), but there has not been performed any tests 

specifically on Co NPs’ antifungal effect before our study. There are no prior publications to 

directly compare results with. However, CoFe2O4 NPs (Rehman et al., 2019), as well as Ag NPs 

(Panáček et al., 2009; Xue et al., 2016), Au NPs (Ahmad et al., 2013), ZnO NPs (Kairyte et al., 

2013) and Cu NPs (Pham et al., 2019) have been proven to have an antifungal effect (Sánchez-

López et al., 2020). Both Au NPs (Ahmad et al., 2013) and Ag NPs (Panáček et al., 2009) have 

been proven to have antifungal effect against the fungus Candida spp. (Panáček et al., 2009; 

Ahmad et al., 2013). In addition to Candida spp., the Ag NPs were reported to have considerable 

antifungal effect against fungus Aspergillus spp. and fungus Fusarium spp. (Xue et al., 2016). 

The ZnO NPs have shown antifungal activity against plant pathogen fungus Botrytis cinerea 

(Kairyte et al., 2013), while the CuO NPs have shown to have an effective antifungal activity 

against another plant pathogen, Fusarium oxysporum (Pham et al., 2019). Antifungal performed 

with CoFe2O4 NPs have proven to have antifungal effect on fungus Candida albicans (C. 

albicans) (Rehman et al., 2019).  

The antifungal cephalexin has been compared with complexes of cobalt(II) metal chloride 

solution and cephalexin, for their antifungal properties (Chohan et al., 2004). The results showed 

that the antifungal effect against M. canis, C. albicans, Candida glaberata, Trichophyton 

longifusus, Aspergillus flavas and Fusarium solani was increased when the cobalt(II) derived 

cephalexin complexes were used versus the uncomplexed cephalexin (Chohan et al., 2004). In 
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the present study, A. vera and PBS were used as droping medium in plate. A. vera gel was 

selected because of the potential use as treatment when mixed with nanoparticles. During the 

assessment of the antifungal properties against M. canis, we observed a visible growth of M. 

canis in the control and Petri dishes that only contain pure A. vera gel (no Co NPs added). 

However, the addition of Co NPs to A. vera gel modifies the gel properties and the 

nanocomposite (gel and Co NPs) exhibit antifungal properties. No growth or restricted growth 

was visible in all Petri dishes containing A. vera gel combined with Co NPs. The test showed 

that presence of Co NPs in the gel clearly inhibit the growth of M. canis and confirm that Co NPs 

exhibit antifungal properties. 

In the samples where the inoculum had been placed in the centre of the plate, similarly to the 

previous experiment, no growth of M. canis was visible in the Petri dish, in which A. vera gel 

mixed with Co NPs was added. It shows that M. canis isolates could not grow properly due to the 

presence of gel nanocomposite. The antifungal effect of the cobalt derived cephalexin complexes 

were described as zones of inhibition of fungal growth on the plates (Chohan et al., 2004), 

similarly to our study. This is according to our samples where the inoculum had been spread 

throughout there was growth in the circumference, but no growth of M. canis surrounding the 

drops with the mixtures of gel and Co NPs, creating zones of growth inhibition. Similar results 

were observed with Co NPs mixed in PBS solution. The Petri dishes in which PBS drop 

containing 400 ppm of Co NPs were added showed inhibition area or prevented M. canis growth 

when the inoculum had been placed in the centre of the plate. The published literature and the 

results of our study support our hypothesis that Co NPs are having an antifungal effect previous 

studies support our hypothesis that Co NPs are having an antifungal effect. 

This study is not taking a stand on the mechanisms in which Co NPs are inhibiting the growth of 

M. canis and whether there is toxicity to animals or humans. The Co NPs might have 

carcinogenic effect and future studies on the topic are needed (Liu and Kong, 2021). Optimistic 

is that cobalt is a non-accumultaing metal (Tvermoes et al., 2014). As a trace element, cobalt is 

essential for the synthesis of vitamin B12 (Tvermoes et al., 2014; Casper et al., 2021) and is e.g. 

used in the total mixed ration as a supplement for dairy cows (Casper et al., 2021).  
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CONCLUSIONS 

This study was a preliminary study on the antifungal effects of Co NPs. According to the 

preliminary results of our study the Co NPs exhibit visible antifungal activity and a possible 

inhibitory effect on the growth of the dermatophyte fungus M. canis. The antifungal effect of 

other nanoparticles has been proven before in published literature and cobalt itself as an element 

has been proven to exhibit antifungal and antibacterial properties.  

Even though the dermatophyte M. canis is self-limiting, proper treatment measures will shorten 

the course of the skin disease dermatophytosis and decrease the severity of the clinical signs. The 

Co NPs are showing great promise as a future treatment option for dermatophytosis. With the 

new synthesis enabling the production of stable Co NPs and the possibility to mix the Co NPs 

with different medium like A. vera gel, it brings hope to create an ointment for clinical use.  

Future studies should be widened to other antimicrobial effects of Co NPs, such as investigating 

the antibacterial effects and antifungal effects on other species. Another important topic for 

future studies is the study of the cytotoxicity of Co NPs against cells and more particularly skin 

cells. It is important to evaluate if there is some toxicity to animals to take into consideration, 

while planning future clinical uses of Co NPs.  

In present times where antimicrobial (including antifungal and antibacterial) resistance is a 

worldwide growing issue, the constant development of technologies regarding nanoparticles and 

especially the characteristics of Co NPs, brings anticipation for future treatment options in 

veterinary medicine against dermatophytosis.  
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