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Abstract: Dermatophytoses are superficial infections of human and animal keratinized tissues
caused by filamentous fungi named dermatophytes. Because of a high and increasing incidence, as
well as the emergence of antifungal resistance, a better understanding of mechanisms involved in
adhesion and invasion by dermatophytes is required for further development of new therapeutic
strategies. In the last years, several in vitro and in vivo models have emerged to study dermatophy-
tosis pathogenesis. However, the procedures used for the culture of fungi are quite different, lead-
ing to a highly variable composition of inoculum for these models (microconidia, arthroconidia,
hyphae), thus rendering difficult the global interpretation of observations. We hereby optimized
growth conditions, including medium, temperature, atmosphere and duration of culture, to im-
prove the sporulation and viability and to favour the production of arthroconidia of several derma-
tophyte species, including Trichophyton rubrum and Trichophyton benhamiae. The resulting suspen-
sions were then used as inoculum to infect reconstructed human epidermis in order to validate their
ability to adhere on and to invade host tissues. By this way, this paper provides recommendations
for dermatophytes culture and paves the way towards a standardized procedure for the production
of infective spores usable in in vitro and in vivo experimental models.

Keywords: dermatophytosis; dermatophytes; infective spores; arthroconidia; microconidia;
reconstructed human epidermis; dermatophyte pathogenesis; experimental models; Trichophyton;
Microsporum
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Figure S1: Impact of the culture medium on fungal growth. Dermatophyte strains were seeded over five agar media,
Sabouraud (SAB), Potato Dextrose Agar (PDA), Yeast Peptone Dextrose (YPD), Malt medium (MALT) or Yeast Extract
Nitrogen (YEN), and grown at 30°C for 31 days. (A) Diameter of fungal colonies was measured daily. (B) Diameter of
fungal colonies was measured after 31 days of incubation on YEN at 30°C for each dermatophyte strain and compared
to the colony diameter of Microsporum strains, M. audouinii IHEM 10316 (a), M. canis IHEM 21239 (b), M. canis IHEM
22957 (c) and M. canis IHEM 22958 (d). Data analysis: n> 3; means + SD for A, means and individual values for B;
ANOVA2; *p<0.05 **p<0.01 ***p<0.001 ****p<0.0001.
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Figure S2: Impact of the culture medium on the radial growth of dermatophytes. Dermatophyte strains were seeded
over five agar media, Sabouraud (SAB), Potato Dextrose Agar (PDA), Yeast Peptone Dextrose (YPD), Malt medium
(MALT) or Yeast Extract Nitrogen (YEN), and incubated at 30°C for 31 days. Radial growth of (A) Microsporum and (B)
Trichophyton strains was determined during the exponential phase of growth. Data analysis: n> 3; means and individual

values; ANOVA2; *p<0.05 **p<0.01 ***p<0.001 ****p<0.0001.
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T. rubrum
IHEM 13894

T. benhamiae
IHEM 20163

Figure S3: Macroscopic aspect of T. rubrum IHEM 13894 and of T. benhamiae IHEM 20163 colonies. Dermatophytes
were spotted on the centre of the five agar plates, i.e. Sabouraud (SAB), Potato Dextrose Agar (PDA), Yeast Peptone
Dextrose (YPD), Malt medium (MALT) or Yeast Extract Nitrogen (YEN), and the resulting colonies were observed after
14 days of growth at 30°C. Scale bar =2 cm.
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Figure S4: Impact of medium on sporulation of dermatophytes. Dermatophyte strains were seeded over five agar me-
dia, Sabouraud (SAB), Potato Dextrose Agar (PDA), Yeast Peptone Dextrose (YPD), Malt medium (MALT) or Yeast Ex-
tract Nitrogen (YEN). After 31 days of incubation at 30°C, the fungal material was recovered, suspended in PBS and
filtered to obtain fungal suspensions. Total spore concentration in these fungal suspensions was determined by counting
using a Thoma chamber under light microscopy, for (A) Microsporum and (B) Trichophyton species. Data analysis: n> 3;
means and individual values; ANOVA2 compared to PDA; *p<0.05 **p<0.01 **p<0.001 ****p<0.0001.
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Figure S5: Viable fungal concentration in infective spore suspensions of Trichophyton species. To promote sporula-
tion and arthroconidial production by Trichophyton species, fungi were seeded over Sabouraud (SAB), Potato Dextrose
Agar (PDA) or Yeast Extract Nitrogen (YEN) media, and incubated at 30°C under 12% CO: or at 37°C under 10% COs,
for 10 or 21 days, or 31 days for T. fonsurans IHEM 24958. The fungal material was then recovered, suspended in PBS,
stirred and filtered to obtain spore suspensions. Viable fungal concentration in these suspensions was determined by
counting colony-forming units (CFU). Data analysis: n> 3; means and individual values; ANOVA2 compared to PDA-30
(or to SAB-30 for T. tonsurans IHEM 24958); *p<0.05 **p<0.01 ***p<0.001 ****p<0.0001.
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Figure S6: Viable fungal concentration in infective spore suspensions of Trichophyton mentagrophytes strains. To
promote sporulation and arthroconidial production by T. mentagrophytes strains, fungi were seeded over Sabouraud
(SAB), Potato Dextrose Agar (PDA) or Yeast Extract Nitrogen (YEN) media, and incubated at 30°C under 12% CO: or at
37°C under 10% CO, for 10 or 21 days. The fungal material was then recovered, suspended in PBS, stirred and filtered
to obtain spore suspensions. Viable fungal concentration in these suspensions was determined by counting colony-form-
ing units (CFU). Data analysis: n> 3; means and individual values; ANOVA2 compared to PDA-30 (or to SAB-30 for T.
tonsurans IHEM 24958); *p<0.05 **p<0.01 ***p<0.001 ****p<0.0001.
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Figure S7: Viable fungal concentration in infective spore suspensions of Microsporum species. To promote sporula-
tion and arthroconidial production by Microsporum species, fungi were seeded over Sabouraud (SAB), Potato Dextrose
Agar (PDA) or Yeast Extract Nitrogen (YEN) media, and incubated at 30°C under 12% CO:zor at 37°C under 10% CO,
for 10 or 21 days, or 31 days for M. audouinii IHEM 10316. The fungal material was then recovered, suspended in PBS,
stirred and filtered to obtain spore suspensions. Viable fungal concentration in these suspensions was determined by
counting colony-forming units (CFU). Data analysis: n> 3; means and individual values; ANOVA2 compared to PDA-30
(or to SAB-30 for T. tonsurans IHEM 24958); *p<0.05 **p<0.01 ***p<0.001 ****p<0.0001.
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M. audouinii IHEM 10316 M. canis IHEM 21239 T. interdigitale IHEM 00584

T. mentagrophytes IHEM 22733 T. tonsurans IHEM 24958

rd

Figure S8: Morphology of dermatophyte arthroconidia. A few microliters of spore suspensions of several dermatophyte
species were laid over a microscopic slide and observed under differential interference contrast (DIC) microscopy. Indi-
vidual arthroconidia released from hyphae are shown by white arrows, whereas orange arrows indicate arthroconidia
within hyphae. Scale bar =10 pum.
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Figure S9: Correlation between viable fungal concentration and percentage of arthroconidia in spore suspensions
recovered under several culture conditions. To promote sporulation and arthroconidial production by dermatophytes,
fungi were seeded over Sabouraud (SAB), Potato Dextrose Agar (PDA) or Yeast Extract Nitrogen (YEN) media, and
incubated at 30°C under 12% CO:2 or at 37°C under 10% COx, for 10 or 21 days, or 31 days for T. tonsurans IHEM 24958.
Viable fungal concentration, measured by colony-forming units (CFU) counting, was correlated with the proportion of
arthroconidia relative to the total number of fungal elements, determined by counting using a Thoma chamber under
light microscopy. Dotted lines indicate the minimal viable fungal concentration required for further use on experimental
models, based on the most important published models [19; 20] and personal observations, as well as the proportion of
20% arthroconidia, arbitrarily chosen as a minimal value for suspensions enriched in arthroconidia. Note that any rep-
resentation was made for the strain M. audouinii IHEM 10316 because the total fungal concentration in recovered sus-
pensions was under the limit of detection of the Thoma chamber and did not allow a proper enumeration of the arthro-
conidia proportion.
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T. rubrum IHEM 13894

”

Figure S10: Microscopic aspect of spore suspensions of T. rubrum IHEM 13894 and of T. benhamiae IHEM 20163. The
spore suspensions were recovered after incubation of dermatophytes for 10 days on PDA at 30°C under 12% COg, stirring
and filtration through three Miracloth layers, and observed using differential interference contrast (DIC) microscopy.
Numerous microconidia are observed, as well as few arthroconidia indicated by white arrow. Scale bar =50 um.
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Figure S11: Keratinocyte responses during (A) T. rubrum IHEM 13894 or (B) T. benhamiae IHEM 20163 infection on
reconstructed human epidermis (RHE). RHE were infected on day zero (D0) by topical addition of inoculum consisting
in spore suspensions recovered after 21 days of incubation over Yeast Extract Nitrogen agar (YEN) at 30°C under 12%
COg, or after 10 days of incubation over Potato Dextrose Agar (PDA) in the same conditions. The inocula was adjusted
to a density of 1000 or 30 colony-forming units (CFU) per RHE respectively for (A) T. rubrum IHEM 13894 and (B) T.
benhamige THEM 20163. mRNA expression of antimicrobial peptides (LL-37) and pro-inflammatory cytokines (IL-1f3,
TNFa) by keratinocytes of infected RHE, three (D0+3d) and four (D0+4d) days after infection, or by keratinocytes of non-
infected RHE (CTL) was assessed by RT-qPCR. Data analysis: n=3; means + SD; ANOVA2; *p<0.05 **p<0.01 ***p<0.001
#%p<0.0001.



