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Abstract

:

We report here two cases of tinea capitis caused by Microsporum (M.) audouinii in Côte d’Ivoire, West Africa. The patients were a three-year-old boy and a six-year-old girl who presented with scaly patches on the scalp. The causative fungus was isolated using an adhesive tape-sampling method and cultured on Sabouraud dextrose agar plates. It was identified as M. audouinii both by its macroscopic and microscopic features, confirmed by DNA sequencing. These are the first documented cases of M. audouinii infections confirmed with DNA sequencing to be reported from Côte d’Ivoire. The practicality of the tape-sampling method makes it possible to carry out epidemiological surveys evaluating the distribution of these dermatophytic infections in remote, resource-limited settings.
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1. Introduction


Tinea capitis is an infection of the scalp due to keratinophilic fungi, also known as dermatophytes. They are filamentous fungi that digest and grow on keratinized tissues including skin, hair, and nails. It is most prevalent in children in developing countries, affecting mostly persons of low socio-economic status [1,2,3,4]. However, the reported prevalence is likely an underestimation as the conditions are often neglected or ignored due to the non-fatal nature compared to other health issues prevalent in settings where they are endemic [5]. There is also a paucity of laboratories capable of performing mycological examinations, so diagnostic confirmation is rarely done [6]. The causative organisms vary by geographic setting [4,6], and only a few studies on tinea capitis with laboratory confirmation have been conducted in sub-Saharan African countries [7,8]. We report here the first two cases of tinea capitis by Microsporum (M.) audouinii in Côte d’Ivoire confirmed by culture and DNA sequencing.




2. Materials and Methods


2.1. Skin Surveys


We conducted a cross-sectional skin survey in the Oumé Health District of Côte d’Ivoire from October 21 to November 30, 2019 as described previously [9]. Oumé is located approximately 200 km north of Abidjan, the country’s economic capital, with a population of 274,020 (2018 est.) who are mostly farmers. The main purpose of our surveys was to identify neglected tropical diseases (NTDs) with skin manifestations (so-called “skin-NTDs”, including leprosy, Buruli ulcer, and yaws) that are co-endemic in the study site. We first conducted a sensitization campaign informing the community members of the availability of skin disease specialists who will conduct free consultations of the children. The consultations were conducted at the local healthcare center or at classrooms in the primary school, if privacy could be secured.



We pilot-tested the specimen collection—use of transparent adhesive tape on the scalp—on 10 cases with clinical diagnosis of tinea capitis infection, as described below.




2.2. Laboratory Investigations


Samples for the mycological examination were collected by a piece of transparent adhesive tape of approximately 5 cm in length. The adhesive side of the tape was pressed firmly on the surface of the scalp lesions to be examined. After removal, they were placed between two glass slides, and sent to the mycology laboratory in the Department of Dermatology, Nagasaki University Hospital. There, the tape was placed on the surface of Sabouraud dextrose agar (SDA) supplemented with chloramphenicol and cycloheximide, and was incubated at room temperature. The slides were visually inspected once weekly for four weeks for evidence of growth. Observed colonies were sub-cultured and the positive cultures were sent to the Medical Mycological Laboratory, Teikyo University, for DNA sequencing. Briefly, DNA from the fungal cells was rapidly extracted and the DNA fragments covering the nuclear internal transcribed spacer (ITS) region of ribosomal RNA gene were amplified with two primers (ITS1 and ITS4) as described previously [10,11]. The PCR products were directly sequenced with these primers.




2.3. Ethical Declaration


The study was evaluated and approved by the Life Sciences and Health of Côte d’Ivoire (N/Réf:078-19/MSHP/CNESVS-kp) and the Ethics Committee of the School of Tropical Medicine and Global Health of Nagasaki University (NU_TMGH_2019-097-0). Written informed consent and assents were obtained from the study participants and their guardians.





3. Case Reports and Results


A three-year-old boy (Case 1) and six-year-old girl (Case 2) both presented with multiple scaly patches with silvery-white scales on the scalp and breaking hairs forming patches of partial alopecia (Figure 1). The patches were especially raised and well-defined in Case 2. Clinical diagnosis of tinea capitis was made on site, and oral griseofulvin (dosage calculated based on body weight) and topical ketoconazole were given to the patients along with parental education. Theirs were the two positive cultures out of the 10 tape samples that were obtained during the survey.



Adhesive tapes were placed on the SDA plates and colonies of dermatophyte were observed from the edges of the tapes at week 3 (Figure 2). Upon sub-culture, flat, velvety whitish colonies were observed (Figure 3). Microscopic examination of the colonies showed spindle-shaped, echinulate macroconidia with 5 to 8 septa (Figure 4). Morphological and physiological features were compatible with M. audouninii. This was further confirmed by DNA sequencing which showed 100% (320/320) homology to the M. audouninii species using the MycoBank BLAST program (accession number: AJ252334) [12,13] (Figure 5).




4. Discussion


We hereby present two cases of tinea capitis with microbiologic confirmation of M. audouninii infection from Côte d’Ivoire.



Dermatophytoses are the most frequent forms of fungal infections, affecting 20−25% of the human population [3,14]. Tinea capitis predominantly affects children and is highly prevalent in sub-Saharan Africa [2].



A number of skin surveys aimed at detecting skin NTDs have revealed a high prevalence of dermatophytoses, including tinea capitis in NTD-endemic regions of sub-Saharan Africa [9,15,16], with our previous survey in another district of Côte d’Ivoire showing an 11% prevalence of tinea capitis. However, confirmatory diagnosis is not performed in most instances, and the causative organisms are not identified given the lack of laboratory facilities. Therefore the true prevalence of tinea capitis, the geographic distribution, and the most common causative organisms remain unclear. In one report, M. audouinii was one of the most prevalent species in schoolchildren with tinea capitis in Gabon (25%) following Trichophyton (T.) soudanense (29%) and T. tonsurans (28%) [1,4]. Two reports from Côte d’Ivoire also reported T. soudanense and M. audouinii as the two predominant species on microscopy [17,18]. Ours are the first reports of M. auduinii causing tinea capitis in Côte d’Ivoire, confirmed by culture and DNA sequencing.



M. audouinii is commonly regarded as an anthropophilic dermatophyte since isolation from animals and soil is rare [19,20]. Transmission is thought to be human-to-human through habitual contact [21]. A number of risk factors for acquiring tinea capitis have been reported, including ethno-cultural factors such as hairdressing mode, socio-economic factors, and climatic factors such as humidity [22,23,24]. Causative organisms of tinea capitis vary by region. M. audouinii is predominantly isolated in Africa but is increasingly reported in Europe and the Americas likely as a result of population migrations [6,25,26,27,28,29]. This indicates why there is a need for continuous surveillance not only to better determine the prevalence but also for the changes in causative species of dermatophytosis.



Clinical manifestations of tinea capitis can vary by the extent of inflammation that it causes. Infection by M. audouinii is known to be associated with no or mild inflammatory response. It commonly starts as a small erythematous papule surrounding a single hair shaft, which gradually spreads centrifugally to surrounding follicles leading to patches of alopecia. These are usually circular in shape with numerous broken-off hairs as well as fine scaling, which characteristic features also observed in our cases [1,14]. Unlike M. canis or M. gypseum infections, there is usually no pruritus [1,14], which might in part account for the lack of requests for medical attention [5], and likelihood of spreading the disease from untreated cases.



We have successfully isolated the organisms using the adhesive tape-sampling method. This is a quick, non-invasive technique (as compared to scalpel blade sampling) and very amenable to use in field conditions. Its sensitivity has been reported to be at least comparable to that of the scalpel blade sampling reporting over 90% [30,31]. It was also very acceptable and non-threatening to children leading to a high rate of adherence [30,31]. In addition, collected specimens could be more easily transported and stored for a longer time as was the case in our study [31,32]. The combination of increased awareness, field-adapted methods like tape sampling, and greater availability of sophisticated technologies like DNA sequencing for species identification will soon allow a much better understanding of the prevalence and distribution of dermatophytic infections.



Our future plan is to build the capacity within the country of Côte d’Ivoire by training technicians and obtaining equipment to perform the same laboratory analyses in a timely manner in order to achieve that goal.




5. Conclusions


The presence of M. audouinii was identified as a causative species of tinea capitis in two children diagnosed during a skin survey conducted in rural Côte d’Ivoire through culture and DNA sequencing. The tape-sampling method was found to be an effective method in field settings for collecting samples from affected children. Optimization of mycology diagnostic methods and capacities in epidemiological studies will support in providing more understanding of the prevalence and distribution of this neglected but highly prevalent skin condition in sub-Saharan African countries.







Author Contributions


Conceptualization by R.R.Y., K.K., and K.N.; investigation by R.R.Y., K.K., A.Y., B.V., K.M., and K.N.; writing original draft preparation by R.R.Y. and K.N.; writing, review and editing by R.R.Y., M.T., H.M., K.M., and K.N.; project administration by R.R.Y., A.Y.; funding acquisition by R.R.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by the Japan Agency for Medical Research and Development (AMED), Japan http://www.amed.go.jp/en/; grant no. 20jm0510004h0203).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Life Sciences and Health of Côte d’Ivoire (N/Réf:078-19/MSHP/CNESVS-kp) and the Ethics Committee of the School of Tropical Medicine and Global Health of Nagasaki University (NU_TMGH_2019-097-0).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data is contained within the article.




Acknowledgments


We are grateful to the district officers and nurses at the primary healthcare clinics in Oumé Health District of Côte d’Ivoire for their contributions in our surveys. We are also thankful to all community members who took part in our surveys, especially the ten patients and their guardians that agreed to our study and who we obtained the samples from.




Conflicts of Interest


The authors declare no conflict of interest.




Abbreviations


The following abbreviations are used in this manuscript:



	M.
	Microsporum



	PCR
	polymerase chain reaction



	SDA
	Sabouraud dextrose agar









References


	



Hay, R.J. Tinea Capitis: Current Status. Mycopathologia 2017, 182, 87–93. [Google Scholar] [CrossRef] [PubMed]

	



Hogewoning, A.A.; Adegnika, A.A.; Bouwes Bavinck, J.N.; Yazdanbakhsh, M.; Kremsner, P.G.; van der Raaij-Helmer, E.M.; Staats, C.C.G.; Willemze, R.; Lavrijsen, A.P.M. Prevalence and causative fungal species of tinea capitis among schoolchildren in Gabon. Mycoses 2011, 54, e354–e359. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Epidemiology and Management of Common Skin Diseases in Children in Developing Countries; World Health Organization/Department of Child and Adolescent Health and Development: Geneva, Switzerland, 2005. [Google Scholar]

	



Coulibaly, O.; L’Ollivier, C.; Piarroux, R.; Ranque, S. Epidemiology of human dermatophytoses in Africa. Med. Mycol. 2018, 56, 145–161. [Google Scholar] [CrossRef] [PubMed]

	



Yotsu, R.R.; Comoé, C.C.; Ainyakou, G.T.; Konan, N.; Akpa, A.; Yao, A.; Aké, J.; Vagamon, B.; Abbet, R.A.; Bedimo, R.; et al. Impact of common skin diseases on children in rural Côte d’Ivoire with leprosy and Buruli ulcer co-endemicity: A mixed methods study. PLoS Negl. Trop. Dis. 2020, 14, e0008291. [Google Scholar] [CrossRef]

	



Zhan, P.; Liu, W. The Changing Face of Dermatophytic Infections Worldwide. Mycopathologia 2017, 182, 77–86. [Google Scholar] [CrossRef]

	



Oke, O.O.; Onayemi, O.; Olasode, O.A.; Omisore, A.G.; Oninla, O.A. The Prevalence and Pattern of Superficial Fungal Infections among School Children in Ile-Ife, South-Western Nigeria. Dermatol. Res. Pract. 2014, 2014, 1–7. [Google Scholar] [CrossRef]

	



Ayanbimpe, G.; Taghir, H.; Diya, A.; Wapwera, S. Tinea capitis among primary school children in some parts of central Nigeria. Mycoses 2008, 51, 336–340. [Google Scholar] [CrossRef]

	



Yotsu, R.R.; Kouadio, K.; Vagamon, B.; N’Guessan, K.; Akpa, A.J.; Yao, A.; Aké, J.; Abbet, R.A.; Agbor, B.T.A.; Bedimo, R.; et al. Skin disease prevalence study in schoolchildren in rural Côte d’Ivoire: Implications for integration of neglected skin diseases (skin NTDs). PLoS Negl. Trop. Dis. 2018, 12, e0006489. [Google Scholar] [CrossRef]

	



Makimura, K.; Mochizuki, T.; Hasegawa, A.; Uchida, K.; Saito, H.; Yamaguchi, H. Phylogenetic classification of Trichophyton mentagrophytes complex strains based on DNA sequences of nuclear ribosomal internal transcribed spacer 1 regions. J. Clin. Microbiol. 1998, 36, 2629–2633. [Google Scholar] [CrossRef]

	



White, T.J.; Bruns, T.; Lee, S.; Taylor, J. Amplification and Direct Sequencing of Fungal Ribosomal RNA Genes for Phylogenetics; Innis, M.A., Gelfand, D.H., Sninsky, J.J., White, T.J., Eds.; Academic Press: New York, NY, USA, 1990; pp. 315–322. [Google Scholar]

	



Robert, V.; Stegehuis, G.; Stalpers, J. The MycoBank Engine and Related Databases. Available online: https://www.mycobank.org/ (accessed on 1 December 2020).

	



Robert, V.; Vu, D.; Amor, A.B.H.; van de Wiele, N.; Brouwer, C.; Jabas, B.; Szoke, S.; Dridi, A.; Triki, M.; Daoud, S.B.; et al. MycoBank gearing up for new horizons. IMA Fungus 2013, 4, 371–379. [Google Scholar] [CrossRef]

	



Havlickova, B.; Czaika, V.A.; Friedrich, M. Epidemiological trends in skin mycoses worldwide. Mycoses 2008, 51, 2–15. [Google Scholar] [CrossRef] [PubMed]

	



Koffi, A.P.; Yao, T.A.K.; Barogui, Y.T.; Diez, G.; Djakeaux, S.; Zahiri, M.H.; Sopoh, G.E.; Santos, S.; Asiedu, K.; Johnson, R.C.; et al. Integrated approach in the control and management of skin neglected tropical diseases in three health districts of Côte d’Ivoire. BMC Public Health 2020, 20, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



Barogui, Y.T.; Diez, G.; Anagonou, E.; Johnson, R.C.; Gomido, I.C.; Amoukpo, H.; Bachirou, Z.S.; Houezo, J.G.; Saizonou, R.; Sopoh, G.E.; et al. Integrated approach in the control and management of skin neglected tropical diseases in Lalo, Benin. PLoS Negl. Trop. Dis. 2018, 12, e0006584. [Google Scholar] [CrossRef] [PubMed]

	



Fulgence, K.K.; Abibatou, K.; Vincent, D.; Henriette, V.; Etienne, A.K.; Kiki-Barro, P.C.; Yavo, W.; Koné, M.; Menan, E.I.H. Tinea capitis in schoolchildren in southern Ivory Coast. Int. J. Dermatol. 2013, 52, 456–460. [Google Scholar] [CrossRef]

	



Ménan, E.I.H.; Zongo-Bonou, O.; Rouet, F.; Kiki-Barro, P.C.; Yavo, W.; N’Guessan, F.N.; Koné, M. Tinea capitis in schoolchildren from lvory Coast (western Africa). A 1998-1999 cross-sectional study. Int. J. Dermatol. 2002, 41, 204–207. [Google Scholar] [CrossRef]

	



Chah, K.F.; Majiagbe, K.A.; Kazeem, H.M.; Ezeanyika, O.; Agbo, I.C. Dermatophytes from skin lesions of domestic animals in Nsukka, Enugu State, Nigeria. Vet. Dermatol. 2012, 23. [Google Scholar] [CrossRef]

	



Jain, N.; Sharma, M. Biodiversity of keratinophilic fungal flora in university campus, Jaipur, India. Iran J. Public Health 2012, 41, 27–33. [Google Scholar]

	



Carod, J.F.; Ratsitorahina, M.; Raherimandimby, H.; Hincky Vitrat, V.; Ravaolimalala Andrianaja, V.; Contet-Audonneau, N. Outbreak of Tinea capitis and corporis in a primary school in Antananarivo, Madagascar. J. Infect. Dev. Ctries. 2011, 5, 732–736. [Google Scholar] [CrossRef]

	



Coulibaly, O.; Thera, M.A.; Piarroux, R.; Doumbo, O.K.; Ranque, S. High dermatophyte contamination levels in hairdressing salons of a West African suburban community. Mycoses 2015, 58, 65–68. [Google Scholar] [CrossRef]

	



Nweze, E.I.; Eke, I.E. Dermatophytes and dermatophytosis in the eastern and southern parts of Africa. Med. Mycol. 2018, 56, 13–28. [Google Scholar] [CrossRef]

	



Coulibaly, O.; Kone, A.K.; Niaré-Doumbo, S.; Goïta, S.; Gaudart, J.; Djimdé, A.A.; Piarroux, R.; Doumbo, O.K.; Thera, M.A.; Ranque, S. Dermatophytosis among Schoolchildren in Three Eco-climatic Zones of Mali. PLoS Negl. Trop. Dis. 2016, 10, e0004675. [Google Scholar] [CrossRef] [PubMed]

	



Espinel-Ingroff, A. History of medical mycology in the United States. Clin. Microbiol. Rev. 1996, 9, 235–272. [Google Scholar] [CrossRef] [PubMed]

	



Brito-Santos, F.; Figueiredo-Carvalho, M.H.G.; Coelho, R.A.; Sales, A.; Almeida-Paes, R. Tinea Capitis by Microsporum audouinii: Case Reports and Review of Published Global Literature 2000–2016. Mycopathologia 2017, 182, 1053–1060. [Google Scholar] [CrossRef] [PubMed]

	



Zink, A.; Papanagiotou, V.; Todorova, A.; Seidl, H.-P.; Niedermeier, A.; Ring, J.; Traidl-Hoffmann, C. Outbreak of Microsporum audouinii in Munich—The return of infectious fungi in Germany. Mycoses 2014, 57, 765–770. [Google Scholar] [CrossRef]

	



Sacheli, R.; Adjetey, C.; Darfouf, R.; Harag, S.; Huynen, P.; Meex, C.; Descy, J.; Melin, P.; Arrese, J.; Hayette, M.-P. A one-year survey of Microsporum audouinii infections in Belgium: Epidemiological and genotypic characterization. Clin. Microbiol. Infect. 2016, 22, 285. [Google Scholar] [CrossRef]

	



Kieliger, S.; Glatz, M.; Cozzio, A.; Bosshard, P.P. Tinea capitis and tinea faciei in the Zurich area—An 8-year survey of trends in the epidemiology and treatment patterns. J. Eur. Acad. Dermatol. Venereol. 2015, 29, 1524–1529. [Google Scholar] [CrossRef]

	



Miranda, M.F.; Silva, A.J. New uses of vinyl tape for reliable collection and diagnosis of common superficial mycoses. SKINmed Dermatol. Clin. 2003, 2, 156–158. [Google Scholar] [CrossRef]

	



Raghukumar, S.; Ravikumar, B.C. Potassium hydroxide mount with cellophane adhesive tape: A method for direct diagnosis of dermatophyte skin infections. Clin. Exp. Dermatol. 2018, 43, 895–898. [Google Scholar] [CrossRef]

	



Porto, J.A. The use of cellophane tape in the diagnosis of Tinea versicolor. J. Investig. Dermatol. 1953, 21, 229–231. [Google Scholar] [CrossRef]








[image: Tropicalmed 06 00009 g001 550] 





Figure 1. Clinical presentation of two cases of Microsporum audouinii. (A) Case 1 in a three-year-old boy. Irregular patches of whitish to silver scales with breaking hairs of the scalp. (B) Case 2 in a six-year-old girl. Raised and well-defined multiple patches of the scalp. She had her hair shaved as part of the treatment (local practice). 
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Figure 2. Adhesive tape sample containing scales and hair placed on Sabouraud dextrose agar plate. Growth of colonies of dermatophyte was seen from the edges of the tape at Week 3. 
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Figure 3. Macroscopic morphological features of Microsporum audouinii grown on Sabouraud dextrose agar plate at Week 3. Flat, velvety, whitish colonies were cultured. 
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Figure 4. Microscopic morphological features of Microsporum audouinii. Spindle-shaped, septate macroconidia with echinulate surface (magnification x200). 
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Figure 5. Molecular phylogenetic tree of the two strains of Microsporum audouinii from our study (shown with ⁎). 
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