(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

10

11

12

Chemotherapy

13

Anfimicrobial A

14

15

16

17

18

19

20

21

22

Chemotherapy

AAC Accepted Manuscript Posted Online 12 December 2016
Antimicrob. Agents Chemother. doi:10.1128/AAC.01753-16
Copyright © 2016, American Society for Microbiology. All Rights Reserved.

Seyedmousavi et al. 2016

In vitro antifungal susceptibility profile of 12 antifungal drugs against 55 Trichophyton

schoenleinii isolated from tinea capitis favosa in Iran, Turkey and China

Running title: Antifungal susceptibility of Trichophyton schoenleinii

Shuwen Deng,l’2 Saham Ansari,® Macit Ilkit,* Haleh Rafati,® Mohammad T. Hedayati 6.7 Mojtaba
Taghizadeh-Aramaki, & 7Ayatollah Nasrollahi-Omran,SAIi Tolooe,9 Ping Zhan,10 Wanqing Liao,l'2

Henrich A. van der Lee,"* Paul E. Verweij,** Seyedmojtaba Seyedmousavi,®

Shanghai Institute of Medical Mycology, Changzheng Hospital, Second Military Medical
University, Shanghai, China

2 First Hospital of Xinjiang Medical University, Xinjiang, China

*Department of Medical Mycology and Parasitology, School of Medicine, Shahid Beheshti
University of Medical Sciences, Tehran, Iran

®Division of Mycology, Department of Microbiology, Faculty of Medicine, University of
Cukurova, Adana, Turkey

>Department of Biochemistry, Erasmus University Medical Center, the Netherlands

®Invasive Fungi Research Center, Mazandaran University of Medical Sciences, Sari, Iran
"Department of Medical Mycology and Parasitology, School of Medicine, Mazandaran University
of Medical Sciences, Sari, Iran

8Department of Medical Mycology, Faculty of Medicine, Islamic Azad University, Tonekabon

Branch, Iran

ALISH3AAINN Nvand Ad 9T0z ‘ST Jaqwiadaq uo /Bio wse-oee//:dny woly papeojumod


http://aac.asm.org/

Antimicrobial A

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Seyedmousavi et al. 2016

o Faculty of veterinary Medicine, University of Tehran, Tehran, Iran

1% bermatology Hospital of Jiangxi Province, Jiangxi Provincial institute of Dermatology,
Nanchang, China

1 Department of Medical Microbiology, Radboud University Medical Centre, Nijmegen, the

Netherlands

*Correspondence: Seyedmojtaba Seyedmousavi, PhD

* Present address: Molecular Microbiology Section, Laboratory of Clinical Infectious Diseases
(LCID), National Institute of Allergy and Infectious Diseases (NIAID), National Institutes of Health
(NIH), BG 10 RM 11C106, 10 CENTER DR, 9000 Rockville Pike, Bethesda, MD 20892, United
States of America

Tel: (301) 402-5139

E-mail: Seyedmousavi@nih.gov

Potential conflict of interest

S.S. has received Research grant from Astellas Pharma B.V. PEV has received research grants
from Gilead Sciences, Astellas, Merck Sharp & Dohme (MSD), F2G, and BioRad, is a speaker for
Gilead Sciences and MSD, and is on the advisory boards for Pfizer, MSD, and F2G.

All the others have no conflict of interests.

ALISH3AAINN Nvand Ad 9T0z ‘ST Jaqwiadaq uo /Bio wse-oee//:dny woly papeojumod


http://aac.asm.org/

Antimicrobial Agents ana

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Antimicrobial Agents and

Chemotherapy

Chemotherapy

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Seyedmousavi et al. 2016

Acknowledgments
Parts of these results were presented at the 26th European Congress of Clinical Microbiology

and Infectious Diseases 2016, 9-12 April 2016, Amsterdam, The Netherlands, Poster no. 1611.

Word count
Abstract: 74 words

Text: 1566 words

ALISH3AAINN Nvand Ad 9T0z ‘ST Jaqwiadaq uo /Bio wse-oee//:dny woly papeojumod


http://aac.asm.org/

Antimicrobial A

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Antimicrobial Agents ana

Chemotherapy

Chemotherapy

67

68

69

70

71

72

73

74

75

76

71

78

79

80

81

82

83

84

85

86

87

88

Seyedmousavi et al. 2016

Abstract

Trichophyton schoenleinii is an anthropophilic dermatophyte mainly causing tinea favosa of the
scalp in certain regions of the world, especially Africa and Asia. We investigated the in vitro
susceptibilities of 55 T. schoenleinii collected over the last thirty years from Iran, Turkey and
China against 12 antifungals using the CLSI broth-microdilution method. Our results revealed
that terbinafine and ketoconazole were the most potent antifungal agents among those tested,

independent of the geographical regions isolated.

Key words

Trichophyton schoenleinii, tinea capitis favosa, antifungal susceptibility testing
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89  Favus or tinea capitis favosa, is a chronic inflammatory dermatophytosis of the scalp,
90  particularly diagnosed in children, aged 4-14 years and occasionally in adults (1, 2, 3). Favus is
91 characterized by scutula formation and scarring atrophy (cicatricial alopecia), which can be
92  differentiated from other clinical forms of tinea capitis, e.g., tinea capitis superficialis and kerion

93  Celsi(1, 4).
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94 Anthropophilic Trichophyton schoenleinii is responsible for over 95% of favus cases (5).
95  However, in rare instances, several anthropophilic (T. violaceum), zoophilic (T._quinckeanum and
96 T. verrucosum), and geophilic (Microsporum gypseum) dermatophytes are reported as
97 etiological agents of favus (1, 6).

98  With the introduction of griseofulvin in 1958, the anthropophilic agents of tinea capitis, T.
99  schoenleinii and M. audouinii, were almost eradicated in most parts of the world (5-7). Currently,

100  favus is common mainly in African countries; Nigeria (8) and Ethiopia (9), and Western China (5,

Chemotherapy

101  10), and geographic regions where lifestyles are associated with malnutrition and poverty (11,

Anfimicrobial A

102  12). The disease has also been reported sporadically in Iran (13), Turkey (14, 15), Western
103 Europe (3) and South America (11).

104  Importantly the efficacy of griseofulvin has been decreased over the years, which now requires
105  larger doses and longer treatment duration (16, 17). This suggests that Griseofulvin is no longer
106  the treatment of choice in superficial cutaneous fungal infections (18, 19). In contrast, the
107  newer antifungal drugs such as allylamine terbinafine, triazoles, and echinocandins have the
108  advantage of shorter treatment durations than griseofulvin, and may remain present in

109  fungicidal concentrations for several weeks after the course of treatment has been completed,
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which allows short treatment duration with fewer side effects and also to prevent of
re-infection (17, 18).

Although the infections caused by T. schoenleinii are of considerable medical importance, little
is known on utility of the newer antifungal agents for the management of tinea capitis caused
by T. schoenleinii from different geographical regions. Therefore, we investigated the in vitro
susceptibilities of a large collection of clinical isolates of T. schoenleinii strains to 12 antifungals
drugs by using the Clinical and Laboratory Standards Institute (CLSI) broth-microdilution method
(20).

A total of 55 T. schoenleinii isolates obtained from patients with tinea capitis from Iran, Turkey
and Western China were used. All isolates were cultured on Sabouraud glucose agar (Merck,
Darmstadt, Germany) at 25 °C for 5 to 7 days. For identification, morphological identifications
were confirmed using sequence-based analysis of the rDNA Internal Transcribed Spacer (ITS)
regions, as described previously (21).

Conidial suspensions were harvested after isolates were sub-cultured on SDA for 5 to 7 days at
25°C and were suspended in normal saline containing 0.025% Tween 20. The inocula were then
prepared spectrophotometrically and further diluted in normal saline in order to obtain a final
inoculum concentration of 0.5-2.5 x 106CFU/m.

We tested the in vitro susceptibility of the isolates against 12 antifungals by using a
broth-microdilution format according to CLSI guidelines (20). Final concentrations of the
following antifungal agents ranged from 0.016 to 16 microgram/ml: amphotericin B,
ketoconazole, miconazole, itraconazole, voriconazole, posaconazole, caspofungin, anidulafungin,

and terbinafine. Flucytosine, fluconazole, and griseofulvin were assessed over a 2-fold
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concentration range, from 0.064 to 64 microgram/ml. The minimum inhibitory concentrations
(MICs) of amphotericin B, flucytosine, ketoconazole, miconazole, fluconazole, itraconazole,
voriconazole, posaconazole, griseofulvin, and terbinafine were determined visually: an inverted
mirror was used for comparing the growth in wells containing the drugs with that in the
drug-free control well. The results were also read using a microtitration plate
spectrophotometric reader (Anthos htlll; Anthos Labtec Instruments, Salzburg, Austria). The
minimum effective concentrations (MECs) of caspofungin and anidulafungin were read using a
plate microscope (Olympus SZX9; Olympus Nederland, Zoeterwoude, The Netherlands), at 25x
to 50x magpnification.

The ranges and geometricmeans (GMs) of the MICs and MECs were determined for each species
and drug after 48 and 72 h of incubation. If no growth was observed or growth was inadequate,
incubation was extended to 120 h. Paecilomyces variotii (ATCC 22319), Candida parapsilosis
(ATCC 22019), and C. krusei (ATCC 6258) and T. mentagrophytes (ATCC MYA 4439), were used
for quality controls in all experiments. All experiments on each strain were performed using
three independent replicates on different days.

Data were analyzed using GraphPad Prism, Version 5.0, for Windows (GraphPad Software, San
Diego, CA). MIC/MEC distributions between the groups and within distinct geographical areas
were compared using Student’s t test and the Mann-Whitney-Wilcoxon test; differences were
considered statistically significant at P value of < 0.05 (two-tailed).

The overall results obtained from visual and spectrophotometric readings were similar for the

MIC and MEC endpoints. The geometric mean (GM) of MICs/MECs, the MIC/MEC ranges, the
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MICso/MECso and MICgo/MECy, distributions of the 12 antifungals agents 55 T. schoenleinii
isolates are listed in Table 1.

The geometric means of the minimum inhibitory/effective concentrations (MICs/MECs) of the
antifungals across all isolates were the following (in increasing order): terbinafine (0.05
microgram/ml), posaconazole (0.20 microgram/ml), amphotericin B (0.29microgram/ml),
ketoconazole (0.52microgram/ml), miconazole (0.57microgram/ml), caspofungin (0.60
microgram/ml), anidulafungin (0.68microgram/ml), itraconazole (0.81 microgram/ml),
voriconazole (0.89 microgram/ml), griseofulvin (0.92 microgram/ml), fluconazole (25
microgram/ml), and flucytosine (> 64 microgram/ml).

The MIC/MEC ranges across all isolates were as follows: terbinafine (0.016-025 microgram/ml),
posaconazole (0.031-0.5 microgram/ml), amphotericin B (0.031-0.5 microgram/ml),
ketoconazole (0.125-1 microgram/ml), miconazole (0.125-1microgram/ml),  caspofungin
(0.25-1  microgram/ml), anidulafungin  (0.016-8microgram/ml), itraconazole (0.063-4
microgram/ml), voriconazole (0.063-4 microgram/ml), griseofulvin (0.05-2 microgram/ml),
fluconazole (4 - 64 microgram/ml), and flucytosine (64 - > 64 microgram/ml).

The highest MICqo values were 64 microgram/ml, for flucytosine and fluconazole, which were
significantly different from those of the other 12 antifungal agents (P < 0.01). No statistically
significant differences in the susceptibility profiles of T. schoenleinii were detected within the
geographical regions investigated (P > 0.05).

Antifungal therapy is a central component of patient management for dermatophytosis, and
depending on the strategy chosen, topical and/or systemic drugs can be used (22). Despite

increasing number of investigations on utility of the newer antifungal agents for the
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management of dermatophytosis (17, 23), the in vitro antifungal-susceptibility profiles of newer
antifungal agents against T. schoenleinii remains poorly investigated. Most of the studies on the
topic have only investigated a limited number of T. schoenleinii strains in the general context of
testing the susceptibility of dermatophytes (24-30).

To the best of our knowledge, our study provides the first profiles of susceptibility to 12
antifungals using a large set of clinical T. schoenleinii strains isolated from tinea capitis favosa
from a wide geographical range, worldwide. For all tested strains, terbinafine, posaconazole,
amphotericin B, ketoconazole, miconazole, caspofungin, anidulafungin, itraconazole,
voriconazole, griseofulvin, had low MICs values, whereas fluconazole and flucytosine did not
show inhibitory effects.

Our study confirms those of previous studies, in which terbinafine demonstrated potent
antifungal activity against dermatophyte species obtained from tinea capitis patients with the
MIC ranging 0.02 to 0.13 microgram/ml (24, 25, 27-29).

With the exception of fluconazole, all tested azoles showed potent in vitro activity against T.
schoenleinii. The activity of posaconazole (GM 0.20 microgram/ml, MIC range 0.031 to 0.5
microgram/ml) was of a similar level as terbinafine (GM 0.05 microgram/ml, MIC range 0.016 to
0.13 microgram/ml), and this was followed by the activity of ketoconazole (GM 0.52
microgram/ml, MICrange 0.125 to 1 microgram/ml), miconazole (GM 0.57 microgram/ml, MIC
range 0.125 to 1 microgram/ml), itraconazole (GM 0.81 microgram/ml, MIC range 0.063 to 4
microgram/ml), and voriconazole (GM 0.89 microgram/ml, MIC range 0.063 to 4 microgram/ml).
In agreement with our finding, Fernandez-Torres also previously teste 2 T. schoenleinii strains

and reported a itraconazole MIC range of 0.01-0.05 microgram/ml, voriconazole MIC range of
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0.01-0.06 microgram/ml, miconazole MIC range of 0.031-0.063 microgram/ml, ketoconazole
MIC range of 0.03-0.125 microgram/ml, and fluconazole MIC range of >16 microgram/ml,
respectively (24). In another study by Indira et al (28), ketoconazole and itraconazole also
demonstrated MIC range of 0.06 to 0.96 mg/ml and 0.12 to 0.96 mg/ml, respectively. Similarly,
few other studies also have reported potent in vitro activity of azoles against T. schoenleinii
(25-27, 29, 30).

In the present study, amphotericin B was potently effective (MIC range of 0.031-0.5
microgram/ml) against all 55 T. schoenleinii strains tested, which agrees with previous reports of
an amphotericin B MIC of 0.25 microgram/ml (24). In our study, we also observed that MEC
values of caspofungin and anidulafungin were relatively low, with MEC range of 0.25to 1 and
0.016 to 8 microgram/ml, respectively.

Of all agents tested, fluconazole and flucytosine were the drugs for which the highest MIC
values were measured, which is similar to the results of previous studies (24). No clinical
investigation has been conducted using flucytosine and dermatophytes, but fluconazole has
been used for treating tinea capitis. Previous studies have shown that high doses of fluconazole
(=4 - 8 mg/kg/week) applied for long durations (12-16 weeks) might be used for treatment of
tinea capitis regardless of the fungus type (18).

Although, for almost four decades griseofulvin was the standard treatment for tinea capitis,
worldwide (18), nowadays it is no longer the treatment of choice in superficial cutaneous fungal
infections (18). The efficacy of griseofulvin has decreased over the years, resulting to
griseofulvin-resistant isolates of dermatophytes (31). It now requires larger doses and longer

treatment duration, which put the patent at the higher toxicity risk (16).

10
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In conclusion, our results revealed that terbinafine and ketoconazole were the most potent
antifungals against T. schoenleinii among systemic and topical antifungals tested, independent
of geographical regions isolated. However, it will be necessary to obtain more clinical data to

confirm if this potent in vitro efficacy is predictive for clinical outcome.

11
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AmB 5-FC FLC ITC VRC POS mcz KTZ AFG CAS GRZ TBF
Range 0.031-0.5 | 64->64 | 4-64 | 0.063-4 | 0.063-4 | 0.031-0.5 0.125-1 0.125-1 0.016-8 | 0.25-1.00 0.05-2 0.016-0.125
MICso/MECso 0.25 64 16 0.25 0.25 0.125 0.50 0.50 0.02 0.5 0.63 0.031
MICoo/MECqo 0.5 64 64 2 2.00 0.50 1.00 1.00 0.02 1.00 2 0.125
Geometric mean | 0.29 64 25 0.81 0.89 0.20 0.57 0.52 0.68 0.60 0.92 0.05

Table 1. Geometric mean of MICs/MECs, MIC/MEC ranges, and MICso/MECs, and MICgo/MEC, values obtained by testing the susceptibility of 55 Trichophyton

schoenleinii strains to 12 antifungal agents.

Chemotherapy

MIC: Minimum inhibitory concentration.

MEC: Minimum effective concentration.

Antimicrobial Agents ana

AmB: amphotericin B, 5-FC: flucytosine , FLZ: fluconazole, ITC: itraconazole, VRC: voriconazole, POS: posaconazole, MCZ: miconazole, KTZ: ketoconazole, AFG:

anidulafungin, CAS: caspofungin, GRZ: griseofulvin, TBF: terbinafine.

Chemotherapy
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