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Abstract
Dermatophytes are the most common fungal infection in the world. This research aimed dermatophyte characteristics and to
conduct in vivo test on macroconidia’s ability in inducing lesions and inflammatory response on rabbit skin. Characterization
method includes colony pigmentation, texture, growth and morphological structure. Clinical evaluation was conducted for
the presence of erythema, alopecia includes hyperkeratosis, acanthosis and inflammatory cell infiltration. Twenty New
Zealand White rabbit were divided into four treatment groups.The result of this research showed that intradermal inoculation
of macroconidia from M. gypseum, Microsporum canis and T. mentagrophytes induced 100% lesions in rabbit model. Lesion
severity such as erythema, alopecia, damaged hair, skin scaling and skin itch started to be identified on day 3 to day 6 post
inoculation. Thickening epidermis occurred characterized by hyper parakeratosis and acanthosis, while lesions in dermis was
characterized by inflammatory cell infiltration. Intradermal inoculation was proven to be very effective to induce infection
directly to skin invasion phase.
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Introduction
Dermatophytosis is a skin disease caused by

dermatophyte fungi which can infect human and animal.
Dermatophyte is the most common fungal infectious agent
in the world (Achterman and White, 2013). Based on its
habitat, fungi is classified as anthropophilic, zoophilic and
geophilic. Dermatophyte fungi is keratinolytic which can
cause damages in skin, hair, feather and nail (Fehr, 2015).
Etiologically, Microsporum gypseum, Microsporum
canis and Tricophyton mentagrophytesare the main
dermatophytosis agent in dogs and cats (Nardoni et al.,
2013). M. canisis the main agent of dermatophytosis,
followed by T. mentagrophytes; which dominates
zoophilic dermatophyte in Spain. While in India (Asia);
T. rubrumis the main dermatophytosis agent followed by
T. mentagrophytes. M. gypseuminfection generally
occurred through animal or human contact with soil
(Hayette and Sachli, 2015). Pathogenesis of dermatophyte

infection occurred in three stages: dermatophyte
attachment, dermatophyte penetration on keratin layer
and immunological reaction. These three stages are
influenced by the dermatophyte. Study in virulence and
the mechanism of dermatophyte infection that are already
performed have not found consistent model for
experimental and clinical data on dermatophytosis
management. Existing models have shown repeated
clinical infection variation in animal and human. The
development of dermatophyte infection model in animal
is one of the ways to obtain a stable dermatophytosis
model as research materials.

Materials and Methods
Animal model

The use of animal model for this research is from
the Animal Ethical Commitee of IPB University (No 123-
2018 IPB, August 2018). Twenty healthy male New
Zealand White rabbits with no dermatophytosis weighing*Author for correspondence : E-mail: ekowatieko@apps.ipb.ac.id



average 1.5 kg was obtained from Animal Husbandry
Research Center (Balai Penelitian Ternak-BALITNAK)
Bogor, Bogor Regency, Indonesia.
Dermatophyte reculture, characterization, preparation
and standarisation

Three dermatophyte isolates: M. gypseum, M. canis
and T. Mentagrophytes were obtained from animal
specimen with dermatophytosis. Dermatophyte fungi were
reculturized and then identified based on macroscopic
and microscopic characteristics. The dermatophytes were
grown in Sabouraud Dextrose Agar (SDA) media. The
cultures were incubated in ±26ºC and observed for 2
weeks. Identifying characteristics consist of colony
pigment, texture and growth and morphological structures
of hyphae, microconidia and macroconidia (Adzima et
al., 2013). Microscopic examination of hyphae,
microconidia and macrocodia were performed on SDA
media that were considered positive (with dermatophyte
growth) by using Potassium Hydroxide (KOH) 20% and
Lacto Phenol Cotton Blue (LPCB) staining. The
examination were performed under light microscope
(Kalsiet et al., 2019). Macroconidia were obtained from
suspension of colony taken from the medium. Colony
was ground and washed three times with agitation in fosfat
buffered saline (PBS) followed by separation via
centrifugation which then resuspended with distilled water
to obtain clearer suspension. Macroconidia preparation
and standardization were determined with the use of
hemocytometer and adjusted to 3×106 mL according to
method performed by Pihet et al., (2015).
Dermatophyte ultrastructure

Three dermatophyte fungi isolates; M. gypseum, M.
canis, and T. Mentagrophytes, grown in Sabouraud
Dextrose Agar (SDA) medium were clipped. The clipped
dermatophyte specimens were washed 3 times by
caccodylate buffer followed by glutaradehydein 4ºC.
Samples were then dehydrated with graduated alcohol
(50-95%), transffered to be frozen by freezed drier/
vacuum drier to dry and then covered by Au by using ion

7658 Faisal Jamin et al.

coater device. Interaction between dermatophyte fungi
was examined by JSM-5310LV electrone microscope
(Jeol, jepang). Scanning electron microscopy (SEM) was
used to observe the ultrastructure visualization and to
take the image of dermatophyte (Yue et al., 2018).
Skin infection, clinical and histopathological
examination

Twenty New Zealand White rabbits were divided
into 4 treatment groups, as provided in table 1. Before
inoculation, all rabbits were anasthesized through
intramuscular route by the combination of ketamine (40
mg/kg BW) and xylazine (10 mg/kg BW). The hair on
the dorsal part of rabbit model was cut and trimmed in
5×8 cm2 size. The remaining hair was gently abraded
with sterile scalpel by Jensen and Arendrup, (2012)
method modified Karimi and Mikaeili, (2013) method.
Data was taken from day 1 up to day 30 post infection
(p.i.). Skin reaction was observed on minute 15, 39 and
360 post infection (p.i.). Sampling of skin showing
dermatophytosis lesion was conducted in day 10 and day
20 post infection with dermal punch 10 mm biopsy which
then processed for histopathological preparates.

Dermatological examination of macroconidia
inoculation on model rabbit consist of conventional
dermatophyte microscopic examination by potassium
hydroxide (KOH) 20% and Lacto Phenol Cotton Blue
(LPCB) staining. Clinical evaluation of the lesion involved
erythema, edema, alopecia, damaged hari, scaling and
itchiness of thee skin. Histopathology image examined
consist of hyper keratosis, achantosis and inflammatory
cell. Dermatophytosis histopathological examination were
performed by hematoxylin eosin (HE) staining, Periodic
Acid Schiff  (PAS) staining and Grocott’s methenamine
silver   (GMS)  staining. Examination was  done under
olympus optical CO microscope (400x magnification),
Ltda BX40 (Tokyo, Japan).
Data analysis

Data analysis of fungi reculture, macroscopic
examination, miscroscopic examination, clinical lesion and

Table 1: Intradermal inoculation of dermatophyte macroconidia test on New
Zealand White rabbit groups.

No. Group
No. of

Dosage Frequencyrabbit
1. Control (D0) 5 0.02 mL 1 time

2. Dermatophyte 1 (D1) 5
3×106/mL macroconidia

1 timeM. Gypseum

3. Dermatophyte 2 (D2) 5
3×106/mL macroconidia

1 timeM. Canis

4. Dermatophyte 3 (D3) 5
3×106/mL macroconidia

1 timeT. mentagrophytes

skin histopathology caused by
dermatophyte intradermal inoculation
were analyzed descriptively and provided
in tables and figures.

Results and Discussion
Dermatophyte culture and
characterization

Hyphae found in dermatophyte
culture on SDA media were unbranched,
soft and even. Most of the hyphae found
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were dry such as the ones on fig. 1A, 1C and 1E. The
microscopic image of macroconidia and microconidia
could be seen on fig. 1B, 1D and 1F) using Potassium
Hydroxide (KOH) 20% and Lacto Phenol Cotton Blue
(LPCB) staining.

Borman and Summerbell, (2015) stated that
Trichophyton morphologically has the macroscopic figure
on agar media appeared powdery, velvety or waxy. On
the other hand, Microsporum macroscopic characteristic
on agar media appears velvety or powdery with brownish
white pigmentation Simpanya, (2000) stated that
Microsporum genus produced microconidia and
macroconidia. The macroconidia appeared to have
multiple septate bordered by thin cell wall, echinulate cell
wall with spindle form. Microconidia found was pyramid
shaped 2-3µm in size. Trichophyton genus produced soft
walled macroconidia and microconidia. The macroconidia
had thin wall and shaped like cigar Microconidia were
pyriform shaped 2-3µm in size with uneven form.
Ultrastucture of macroconidia, microconidia and hyphae

are profided in fig. 2A and 2B in SEM
images (1D, 1E and 1F). Macroconidia
of dermatophyte is an important factor
as agent of infection infeksi (Shenoy et
al., 2008). Microconidia has clavate
shape, small, unicellular, with runded
thinwall while macroconidia was
ellipsoid with 3-6 septa (Mihali et al.,
2012).
Clinical lesion and skin
histopathology

Biopsy sample examination result
and clinical signs for dermatophytosis
confirmation showed that all rabbit in the
groups showed 100% dermatophytosis.
Lesions found were erythema, alopecia,
damaged hair, scaling and itchiness
which were observed in group D1, D2
and D3. On all group D1, D and D3,

Fig. 1: Dermatophyte fungi macroscopic image on SDA media, (A) M. gypseum;
(C) M. canis, dan; (E) T. mentagrophytes. Microscopic image of macroconidia
in LPCB staining;  (B) M. gypseum; (D) M. canis, dan; (F) T. mentagrophytes
(arrow).
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Fig. 2: Two weeks old SDA media culture dermatophyte ultrastucture as picture
by SEM; (A) Macroconidia; (B) Microconidia (arrow).
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erythema was observed on hour 2 p.i. and elevated up to
hour 6 p.i. This result showed faster reaction compared
to previous researches. Clinical lesion severity of
dermatophytosis is determined by width of skin with
primary balding. Initial lesion on D1 animals were
observed on day 4-5, on D2 animals were observed on
day 5-6 and on D3 animals on day 3-5. Intradermal
infection of macroconidia confirmed that this method is
very effective in elevating direct infection to invasion
stage to the skin. Animal model used in this research
showed the process of epidermal differentiation and skin
permeability which cause primary lesion. Intradermal
infection may minimize the probability of similar infection
from other microbes around inoculation site. The earliest
change on the skin observed were vasodilatation and
edema, followed by the spread of erythema and
desquamation (Shimamura et al., 2012).

This result agrees with a research by Shimamura et
al., (2011) which displayed erythema on the skin of animal
model. This progress is characterized by inflammatory

response which begins to show from day
1 p.i. and will continue until it escalates
into alopecia. Clinical lesion can be
clearly be observed on fig. 3. Rabbit
skin of all test group were covered by
yellowish white layer that stick strongly
to the epidermis and progressively
growing. All rabbits inoculated by M.
gypseum, M. canis and T. menta-
grophytes displayed dermatophytosis
with regular and circular alopecia
(Karimi and Mikaeili, 2013).



of T cell and neutrophils could be observed by the dermis.
Histopathological examination of the skin within ringworm
zone with Hematoxylin Eosin (HE) staining showed
inflammatory reaction characterized by hyperkeratosis,
acanthosis and papillary dermis (Fig. 4A and 4B). The
hyphae colonies of M. gypseum, M. canis and T.
mentagrophytes were all observed in stratum corneum
(Fig. 4C, 4D, 4E, 4F, 4G and 4H) using Periodic Acid
Schiff   (PAS)  staining and Grocott methenamine  silver
(GMS) staining.

Infected group displayed invasion on epidermis layer
which moved to the surface through keratinocyte and
stratum corneum layer according to dermatophytosis
pathologic characteristics. HE staining showed hyper
keratosis and acanthosis (Fig. 4A and 4B). Fungi presence
is hard to observe by HE staining which only shows the
damages on skin tissue structure. Periodic Acid Schiff 
(PAS) staining showed a lot of septate hyphae with in
different sized all over the epidermis and Grocott
methenamine silver  (GMS) staining showed a lot of
conidia and septate hyphae stained black with different

Fig. 3: Primary clinical lesion on day 10 and day 20 in the form
of circular and regular alopecia. (A,B) M. gypseum;
(C, D) M. canis and (E,F) T. mentagrophytes (arrow).
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On gross anatomy, the lesion produced by M.
gypseum, M. canis and T. mentagrophytes displayed
the same characteristics. Aljabre et al., (2015) stated
that in-vitro  attachment of T. mentagrosphytes
macroconidia has the highest time of 6 hours after contact
and germination began in 4 hours after contact.
Attachment of T. mentagrosphytes macroconidia was
observed 6 hours post inoculation and the growing hyphae
and could be clearly identified after the next 10 hours. A
research by Duek et al., (2004) showed that human skin
biopsy of T. Mentagrophytes required 12 hours for
attachment, 24 hours for germination and 3 days for
invasion to stratum corneum. The attachment of M. Canis
arthroconidia to reconstructed cat interfollicular epidermis
could be observed in 2-6 hours post infection (Baldo et
al., 2008).

Method in obtaining dermatophytosis model was
focused in animal species, dermatophyte selection and
infection condition (occlusion or open condition with or
without abrasion) of the skin (Shimamura et al., 2012).
The right model which simulate dermatophyte infection
on host is a requirement to study dermatophytosis
infection mechanism. Liang et al., (2016) in an in-vivo
research stated that dermatophyte infection was only
limited to stratum corneum. Skin lesion against
dermatophyte involved all part of epidermis. Histologically,
thickening epidermis with hyperkeratosis and acanthosis
could be found. Other than that, inflammatory infiltration
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Fig. 4: Rabbit skin histopathology; Hyperkeratosis and
acanthosis with HE staining (A,B). Conidia and hyphae
of M. gypseum (C,D), M. canis (E,F), T. mentagrophytes
(G,H) with GMS staining (arrow); (arrow).
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sizes all over epidermis. Microscopically dermatophyte
lesion showed varied and noninflammatory pattern on
stratum corneum layer or hair follicles (Cavalcanti et al.,
2002).

Fungi attachment on host cell is mediated by fungi
adhesin and its interaction with host receptor. Adhesin
plays an important role for attachment during infection
process (Esquenazi et al., 2004). An experiment by
Kaufman et al., (2007) utilized ex-vivo model which used
human skin epidermis explant. In this model maximum
attachment ability was reached after 12 hours and
germinations after 24 hours, while maximum germination
along with penetration to stratum corneum happened after
3 days. Tabart et al., (2007) explained in a different
experiment on dermatophyte species infection model on
both in-vitro and in-vivo model that infection severity
increases depending on time and the number of attaching
spores, where it will be followed by germination and
invasion phase to stratum corneum by hyphae growth
into the skin. Histopathological examination by GMS
showed hyphae colony of M. gypseum, M. canis and T.
mentagrophytes on skin epidermis. According to Copetti
et al., (2006) M. gypseum, Microsporum canis and T.
mentagrophytes species are responsible of more than
95% of all dermatophytosis cases in pet animals.

Conclusion
Intradermal inoculation of macroconidia induced

100% lesion on rabbit model. Lesions, such as erythema,
alopecia, damaged hair, scaling and itchiness on rabbit
skin, were began to be identified between day 3 to day 6
post inoculation. Thickening of epidermis was caused by
hyperkeratosis, acanthoses and supported by the
epidermis and dermis inflammatory cells infiltration.
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