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Abstract: Dermatophytosis is a prevalent skin disease in Yemen. Because it's zoonotic transmission to humans, animal 

dermatophytosis has a major concern. The present study was thus aimed to isolate and identify dermatophytes from domestic 

camels. A purposive study was conducted among 165 suspected camels in Dhamar area, Yemen. Skin scrapings were collected 

from ringworm lesions of the study animals. They were microscopically examined using Potassium Hydroxide (KOH) 

preparation. Specimens that showed a positive result were then cultured on Sabouraud’s Dextrose Agar (SDA) for identification. 

A total of 159 (96.4%) of the suspected camels were found to be infected with fungal infection during the direct KOH 

examination. The infection was significantly higher among young animals of ≤ 12 months (94.3%, χ2
 = 73, P < 0.05). Majority of 

the cultured specimens showed positive growth (93.1%, χ
2
 = 118, P < 0.05). The overall rate of dermatophyte infection was 

83.11%. The frequency of Trichophyton and Microsporum genera were 89.4% and 10.6% of the isolated genera, respectively. 

The identified species were T. schoenlenii T. verrucosum, T. mentagrophytes, T. tonsurans, M. audouinii and M. canis. Almost 

half of the study animals were infected with T. schoenlenii (49.6%, χ
2
 = 102, P < 0.05). Findings of the present study are 

important in order to provide the health authorities with an epidemiological and microbiological database that are vital for 

supporting well-organized control programs. Introduction of proper health education is important to improve prevention 

measures and introduce a better knowledge of dermatophytosis transmission. 
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1. Introduction 

Dermatophytosis (syn. ringworm, tinea) is a zoonotic 

disease caused by a group of fungi called dermatophytes. 

They invade keratinized tissues of animals causing losses to 

the milk and meat economy. Dermatophytosis has a 

worldwide distribution. It is the most frequent mycotic 

infection in both humans and animals [1]. 

Epidermophyton, Microsporum and Trichophyton are the main 

genera of dermatophytes. Based on their ecology, they are 

classified into anthropophilic, geophilic and zoophilic. They can 

directly infect human through a contact with the infested animal or 

human and indirectly by acquiring the infective materials from the 

environment [2]. The most common carriers of these 

microorganisms are particularly domestic animals such as cow, 

goat, sheep and camel [3]. Camel’s long-haired skin presents a 

proper habitat for the growth of dermatophytes [5]. The infection 

mainly occurs in young camels less than three years [6]. 

Trichophyton and Microsporum genera are responsible for 

the majority of human infections causing more virulent 

disease when the infection are transmitted from animal to 

human than that transmitted from human to human [7-8]. 

Outbreaks of Trichophyton infection transmitted from cattle 

to humans are also reported [9-10]. 

In Yemen, human dermatopytosis is a public health problem 

[11-12]. Trichophyton verrucosum is reported as the major cause 
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of cattle dermatophytosis in Dhamar area [13]. Dhamar is mostly a 

rural area where domestic animals represent cardinal components 

of the agriculture and economy. While reports have revealed that 

domestic cattle are often potential carriers of dermatophytes in this 

area, little information has been documented about domestic 

camels. In fact, to date there are neither epidemiological nor 

microbiological data about isolation and identification of 

dermatophytes from camels. Given the significant zoonotic 

transmission and pathogenicity of dermatophytes in humans, this 

study was thus aimed to isolate and identify dermatophytes from 

domestic camels in Dhamar area. 

2. Methodology 

2.1. Study Area and Animals 

The present study was conducted in Dhamar area, 100 

kilometers south of the capital city of Yemen, Sana’a “Fig. 1”. 

It is located at 14°33′0″N 44°24′6″E, at an altitude of around 

2400 meters above sea level, and temperature between - 1 to 

28°C. A total of 165 suspected camels were selected from 

suburban and rural areas around Dhamar city. Sampling was at 

houses or farms during the period of March to August 2014. 

The body of each camel was carefully examined for 

indications of ringworm. Animal with a circumscribed crusty 

hairless lesion were included in this study. 

During the field study, educational meetings were held with 

the owners of the study animals and clear descriptions about 

the objectives of the survey were presented. They were 

informed that they are free to participate and their animal's 

contribution is completely voluntary. All the owners were 

consented and the animals were ethically examined. 

 

Figure 1. A geographic map shows Dhamar area (the study area) in Yemen. 

2.2. Sample Collection 

Cotton swabs, soaked in 70% ethanol, were used to clean 

the infected area. Lesions were scrapped by a sterile scalpel 

and collected in sterile petri-dishes. All specimens were then 

labeled for age, location, and date of collection. They were 

then transferred to the laboratory. 

2.3. Direct KOH Examination 

On a clean glass slide, a part of each animals sample was 

placed. Twenty percent (20%) of Potassium Hydroxide (KOH) 

was used to digest the keratin material. The solution was then 

covered with a clean glass and gently heated for one minute. 

The slide was microscopically examined for the presence of 

arthrospores [14]. 

2.4. Isolation of Dermatophytes 

To isolate dermatophytes, skin scrapings were cultured on 

Sabouraud’s dextrose agar (SDA) containing chloramphenicol 

(0.05mg/ml) and cyclohexamide (0.5mg/ml). The inoculated 
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plates were incubated at 27°C for up to six weeks. They were 

regularly observed for differentiated colonies. Growth rate, 

obverse, reverse pigmentation of the recovered colonies were 

reported [1]. 

2.5. Identification of Dermatophytes 

Identification of dermatophytes was based on the colonies 

characteristic and microscopic features of the isolates. A small 

sample of each fungal mycelium free of the medium was 

examined using 10X and 40X objectives. The mycological 

text books used for identification were Laboratory Handbook 

of Dermatophytes, Veterinary Mycology Laboratory Manual 

and Identification of Common Aspergillus Species [1, 15-16]. 

2.6. Statistical Analysis 

SPSS version 22.0 statistical software was used in this study. 

For the purpose of data analysis, all the factors in the study were 

coded in a characteristic manner. For example, KOH results 

(positive, negative); age groups (2-5 months, 6-12 months, > 12 

months); culture results (positive growth, negative growth); 

isolated fungi (dermatophytes, non-dermatophytes); identified 

genera (Trichophyton, Microsporum). All the study groups 

were presented as a frequency (%). Chi-square test (χ
2
) was 

used to examine the differences between the study groups. The 

level of significant was of P ≤ 0.05. 

3. Results 

3.1. General Characteristics of Animal's Infection 

Table 1 shows the general characteristics of the study 

camels' infection. The study population consisted of 165 

domestic camels. Fungal infection was confirmed in 96.4% 

(159/165). The remaining (3.6%) were KOH negative and 

they did not yield any fungal growth on SDA agar as well. 

Fungal infections were found to be significantly (P < 0.001) 

associated with age of the study subjects; younger animals had 

a higher rate of infection. Sixty one percent (61%) of the 

infected camels were in the age group of two to five months. 

As well, one third (33.3%) of the infections were reported 

from the age group of six to 12 months. However, camels 

aged >12 months represented only 5.7% of the infected 

subjects. 

3.2. Isolated Fungi 

Out of the 159 positive KOH specimens, fungal growth was 

recovered from 148 SDA plates (93.1%, χ
2
 = 118, P < 0.05). 

Species-specific colonies were successfully recognized. The 

majority of the isolated species were established for 

dermatophytes (83.1%). However, non-dermatophytes species 

were identified for 16.89% of the cultured specimens. 

3.3. Identified Dermatophytes 

Two genera of dermatophytes were identified among 

camels in Dhamar area: Trichophyton and Microsporum. 

 

Figure 2. Frequency of Trichophyton and Microsporum genera isolated from 

the domestic camels in Dhamar area, Yemen. 

Table 1. General characteristics of the study camels' infection in Dhamar area, Yemen (n=165). 

Characteristics Frequency (%) χ2 P 

KOH results (n=165) 
   

Positive fungal elements 159 (96.4) 141.87 < 0.05 

Negative fungal elements 6 (3.6) 
  

Age groups of the infected camels (n=159) 
   

2-5 months 97 (61.0) 73.06 < 0.05 

6-12 months 53 (33.3) 
  

> 12 months 9 (5.7) 
  

Culture growth (n=159) 
   

Positive growth 148 (93.1) 118.04 < 0.05 

Negative growth 11 (6.9) 
  

Isolated fungi (n=148) 
   

Dermatophytes 123 (83.11) 64.89 < 0.05 

Non-dermatophytes 25 (16.89) 
  

 

Figure 2 shows that the frequency of Trichophyton infection 

was considerably higher than Microsporum (89.4% versus 

10.6%; χ
2 
= 76.50; P < 0.05). 

3.4. Identified Species 

As shown in Table 2, six dermatophytes were identified. 

The study animals were significantly infected with different 
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species (χ
2
 = 101.93; P < 0.05). Trichophyton schoenlenii 

showed the highest frequency (49.6%) followed by 

Trichophyton verrucosum (14.6%), T. mentagrophytes (13%) 

and Trichophyton tonsurans (12.2%). On the other hand, 

Microsporum audouinii and Microsporum canis represented 

5.7% and 4.9% of the identified species. 

Table 2. Identified dermatophytes from domestic camels in Dhamar area, 

Yemen (n=123). 

Isolated species Frequency (%) χ2 P 

Trichophyton schoenlenii 61 (49.6) 101.93 < 0.05 

Trichophyton verrucosum 18 (14.6)   

Trichophyton mentagrophytes 16 (13.0)   

Trichophyton tonsurans 15 (12.2)   

Microsporum audouinii 7 (5.7)   

Microsporum canis 6 (4.9)   

4. Discussion 

Participation of the community is a principal tool for 

operating an integrated control methodology against the 

infectious diseases. In Yemen, dermatophytosis is an 

important skin problem affecting human population. 

Involvement of the domestic animals in acquiring this 

infection has complicated its control. Hence, community's 

awareness on transmission of this infectious disease would 

enhance the prevention and significantly supports the 

sustainability of control program. 

The present study is the first to isolate human potential 

dermatophytosis causative fungi from domestic camels in 

Dhamar area. There was a significant difference between the 

age groups of animals in terms of their susceptibility to the 

infection. The results showed that the majority of the study 

animals had a dermatophytic infection. Six dermatophytes 

species were identified from domestic camel’s infection in 

Dhamar area, Yemen: T. schoenlenii T. verrucosum, T. 

mentagrophytes, T. tonsurans, M. audouinii and M. canis. 

The findings of this study found that Trichophyton fungi 

were responsible for the majority of camel’s infection. 

Accordingly, T. schoenlenii, reported as one of the causative 

agents of camel dermatophytosis, was the common identified 

species in this study [17]. This microorganism has been 

widely confirmed to produce a severe form of tinea capitis in 

humans called favus that usually affects the scalp hair [18-20]. 

A previous study from Nigeria indicated that T. schoenlenii 

infection is more prevalent among the school children in 

Borno State compared to the other dermatophytic infections 

[21]. As well, T. mentagrophytes and T. verrucosum have been 

indicated as common causes of onychomycosis and ringworm 

infection in human, respectively [22]. In agreement with 

previous studies, T. mentagrophytes, T. verrucosum and T. 

tonsurans have been isolated from Sudanese and Saudi camels 

[6, 23]. Also, T. mentagrophytes, T. verrucosum have been 

reported from school children in Yemen [24]. Although 

epidemiology of T. tonsurans in Yemen has not been 

documented in literature, previous studies confirmed its 

responsibility for about 90% of tinea capitis in North and 

Central America [25]. On the other hand, M. audouinii and M. 

canis has been commonly isolated from human 

dermatophytosis of tinea corporis and tinea capitis [26-27]. M. 

canis as well as T. violaceum were commonly isolated from 

Yemeni patients [24]. Similarly, camel dermal mycoses 

caused by M. audouinii and M. canis have been well 

documented [28]. Awareness of health providers regarding 

this situation is important in order to increase the preventive 

measures for healthy protection for domestic camels and the 

farmers who frequently contact them. 

The present study also revealed that young camels were 

more infected than adults. This could be attributed to a 

stronger immunity among adults that acquired through 

repeated contacts or due to a proper microclimate of young 

camel's skin to dermatophytic infection [29]. Therefore, the 

contact with asymptomatic adult camels can represent a high 

risk factor of infection for the young camels and to humans. 

Humans may be infected through a direct contact with the 

infected camel or indirectly with contaminated materials. This 

highlights the need for introduction a health education to 

aware the community about the potential risk factors and 

mode of transmission of the causative agents. 

5. Conclusion 

The present study was designed to isolate the causative 

fungi of dermatophytosis from the domestic camels. That is 

aimed to elicit a public awareness headed for controlling this 

prevalent infectious disease in Dhamar area, Yemen. This 

survey revealed that the dermatophyte infection is common 

among the domestic camels. Hence, control program should 

take into account that health education will improve 

prevention and introduce a better awareness of 

dermatophytosis transmission. The results of this study would 

provide the health authorities with a mycological database that 

are essential for supporting well-organized tools for health 

education, sustaining effective methods for dermatophytosis 

prevention and establishing a literature for further 

epidemiological studies. 
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[26] N. Mederle, G. Dărăbus, S. Morariu, I. Oprescu, D. Indre, and 
A. Balint, “Epidemiological aspects in human and cat 
microsporia,” Lucrări Stiintifice Medicină Veterinară, vol. 43, 
pp. 61–63, 2010. 

[27] Y. Sakuragi, Y. Sawada,, Y. Hara, et al., “Increased circulating 
Th17 cell in a patient with tinea capitis caused by 
Microsporum canis,” Allergol Int., vol. 65, pp. 215–216, 
2016. 

[28] F. C. Tuteja, N. V. Patil, S. D. Narnaware, G. Nagarajan, and S. 
S. Dahiya, “Camel dermal mycoses caused by dermatophytes,” 
J. Camel Pract. Res., vol. 20, pp. 157-165, 2013. 

[29] C. Rene, L. Ferreiro, L. and G. Jacques, “Dermatophytoses in 
Animals,” Mycopathologia, vol. 166, pp. 385–405, 2008. 

 


