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Abstract. This study analyzed the infection of superficial 
mycosis and the relationship between the distribution charac‑
teristics of pathogenic fungi and age, time and sex in Northeast 
China in the past 10 years. We would like to provide a theo‑
retical basis for the diagnosis and treatment of related diseases. 
From December 2008 to December 2018, 5,374 superficial 
mycoses from Northeast China were selected. The fungal 
species were identified by fungal microscopy, fungal culture, 
and species identification. Besides, the relationship between 
sex, age, time and the distribution of superficial mycosis and 
pathogenic fungi was analyzed. Among the 5,374 patients, 
the top three infections were tinea pedis (n=1,538, 28.62%), 
tinea cruris (n=1,018, 18.94%) and tinea corporis (n=938, 
17.45%). The top three pathogens were Trichophyton rubrum 
(n=2,849, 48.65%), Trichophyton  mentagrophytes (n=947, 
16.14%) and Candida spp. (n=804, 13.70%). The main patho‑
genic fungi were dermatophytes. The age group with the 
highest incidence of tinea capitis was children (n=372, 6.92%). 
The highest incidence rate of tinea pedis was in 31‑69‑year 
adults (n=905, 16.84%); Malassezia mainly affects young 
people aged 15‑30. Yeast and mold mostly invade the elderly 
patients >60 years old. The incidence of tinea cruris, tinea 
pedis and tinea corporis in male patients was higher than 
that in female patients. The incidence of onychomycosis in 
female patients was higher than that in male patients (P<0.05). 
The isolation rate of Candida, Mold, Microsporum canis, 
Malassezia and Sporothrix increased year by year, while 
that of Trichophyton rubrum, Trichophyton mentagrophyte, 
Trichophyton schoenleinii and Epidermophyton floccosum 
decreased. From December 2008 to December 2018, derma‑
tophytes were the main pathogens of superficial mycosis in 

Northeast China. The distribution of disease species and 
pathogenic fungi varied in different gender, age and time.

Introduction

Superficial mycosis, commonly known as ringworm, is a 
common infectious disease in dermatology caused by patho‑
genic fungi parasitic on keratin tissue (1,2). Its incidence rate 
is increasing year by year (3). In recent years, with the wide 
application of broad‑spectrum antibiotics, glucocorticoids, 
immunosuppressants and anti‑tumor drugs, the possibility 
of secondary fungal infection in patients has increased. 
Therefore, fungal infection has received extensive attention 
(4‑6). There are 1‑1.5 million kinds of fungi in nature, most 
of which are beneficial to human beings. However, a few 
of them could infect human beings (or animals) and cause 
mycosis (7‑9). According to reports, under normal circum‑
stances, pathogenic fungi of superficial mycosis are always 
in a dynamic state. The pathogenic fungi could change with 
time and region (10,11). Northeast China has high population 
density, a large number of ethnic groups, a large area, distinct 
seasons, high forest coverage, rich species, unique geograph‑
ical conditions and natural and human environment. There 
are few studies on pathogenic fungi of superficial mycosis 
in this region. Therefore, this study explored the pathogenic 
fungi of 5,374 patients with superficial mycosis received by 
our hospital from December 2008 to December 2018. We 
analyzed the relationship between disease infection, distribu‑
tion of pathogenic fungi in China and age, time, and gender, 
in order to provide a certain theoretical basis for the diagnosis, 
treatment and prevention of related diseases.

Materials and methods

Study design. From December  2008 to December  2018, 
5,374 patients with superficial mycosis from northeast China 
were selected as research subjects. The inclusion criteria were: 
Patients with typical clinical symptoms; Patients diagnosed 
with superficial mycosis according to the medical history, phys‑
ical signs and laboratory tests; The diagnosis were confirmed 
by more than two doctors according to the diagnostic criteria 
of superficial mycosis  (12,13). Exclusion criteria: Patients 
with tinea versicolor; patients took anti‑fungal drugs orally 
within 3 months or externally within 1 month; patients with 
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skin diseases with severe local suppurative infection; patients 
suffered from severe generalized non‑infectious skin diseases; 
pregnant or lactating women; patients with severe systemic 
diseases. This study was approved by the Ethics Committee of 
the First Affiliated Hospital of Qiqihar Medical University. All 
patients signed an informed consent form.

Method
Microscopic examination of fungi. Before sampling, skin 
lesions were routinely disinfected with 75% alcohol. Parts that 
cannot be treated with alcohol could be cleaned several times 
with sterile physiological saline. Samples were collected from 
diseased nails, nail clippings, interphalangeal dandruff, hair, 
etc. by sterile operation. Then samples were placed on glass 
slides in small quantities, 2 drops of 10% potassium hydroxide 
solution were added on the samples. The slides were covered 
and placed on an alcohol lamp for 1‑2 sec, and the cover glass 
was lightly pressed to remove bubbles. Finally, the hyphae, 
spores and their morphological characteristics were observed 
under low‑power microscope (10x10) and high‑power micro‑
scope (10x40) (Jiangnan BM2000). Fluorescent staining was 
performed if necessary.

Fungal culture and identification. Unified sabouraud medium 
(25 mg chloramphenicol, 15 g agar, 40 g glucose and 10 g 
peptone were thermally dissolved in 1,000 ml distilled water at 
115˚C, autoclaving for 10 min) was used for basic culture. Plate 
multi‑point culture method was used for identification. Positive 
microscopic examination specimens were taken, inoculated into 
the culture medium with an inoculation needle, 7 points at each 
dish. Then the specimens were placed in a 25˚C constant temper‑
ature incubator (Shanghai Yuejin Medical Instrument Factory 
No. 1, China) for 2‑4 weeks. Deep fungi were additionally 
cultured in a 37˚C constant temperature incubator, and checked 
twice a week to observe the growth speed, size, morphology, 
color, microscopic size and conidial morphological characteris‑
tics of colonies. Suspected cases of Malassezia folliculitis were 
cultured on Sandcastle agar medium containing olive oil at 
32˚C. If there were ≥3 points of the same pathogen in 2 culture 
dishes, it was identified as pathogenic fungi. Sabouraud agar 
medium containing olive oil was used to culture Malassezia 
folliculitis specimens at 37˚C. Candida species were identified 
by the French Meria Fungus Identification Card. Dermatophyte 
and non‑dermatophyte were mainly identified according to 
the characteristics of colony growth speed, morphology, size, 
pigment produced, colony structure, morphology of hyphae and 
spores under microscope.

Molecular biological identification. In order to further determine 
the microscopic examination and culture results, positive speci‑
mens were taken for molecular biological identification. Fungal 
total DNA was extracted with DNA extraction kit (Qiagen). 
Fungal rDNA gene conserved region (rDNA ITS) was taken as 
the target. Fungal universal primers ITS1 and ITS4 were used to 
amplify ITS region. Polymerase Chain Reaction amplification 
products were sequenced. Gene Bank was registered for blast 
comparison, and strain identification was carried out.

Statistical methods. SPSS 20.0 was used to make statistical 
analysis of the data. The measurement data were expressed as 

mean ± SD, the counting data were expressed as rate, and the 
comparison of rates was performed by Chi‑square test. The 
difference was statistically significant at P<0.05.

Explanation. In the process of fungi identification, some 
non‑superficial pathogenic fungus are often identified, such as 
Candida, Mold and other deep infection pathogenic fungus. 
However, they can also cause superficial mycosis such as tinea 
pedis and onychomycosis. In the clinical diagnosis and treat‑
ment process, due to the diverse morphology of skin lesions 
caused by fungal infections, multi‑species co‑infection often 
occurs during the infection process. Damage to the surface 
of the skin also increases the infection rate of non‑superficial 
fungal pathogens and may aggravate the progression of the 
disease (such as sporotrichosis). Therefore, considering the 
clinical significance of these fungus, they were not deleted in 
the result analysis. Although they are not superficial mycosis, 
they are still included in the result data.

Results

Study population characteristics. There were 2,863 males 
and 2,511 females. The patients were aged 6‑70 years, and 
the average age was 36.39±17.38 years. The duration of 
the disease ranged from (0.25‑50) years, with an average 
course of 8.81±10.56 years. Among them, 3,875 patients 
had a history of mycosis in their families or relatives, and 
1,891 patients had the experience of feeding pet cats and dogs 
in their families.

Fungus and Genbank accession numbers. The obtained DNA 
was compared with blast sequence, and the relative Genbank 
accession numbers are shown in Table I.

Clinical types of superficial mycosis and distribution of 
pathogenic fungi. A total of 5,374 patients suspected of super‑
ficial mycosis were included in this study. Among them, there 
were 1,538 cases of tinea pedis (28.62%), 1,018 cases of tinea 
cruris (18.94%), 938 cases of tinea corporis (17.45%), 773 cases 
of onychomycosis (14.38%), 496 cases of tinea capitis (9.23%), 
394 cases of tinea manuum (7.33%), 164 cases of Malassezia 

Table I. Fungus and Genbank accession numbers.

Fungus	 Genbank accession numbers

Trichophyton rubrum	 KT155686
Trichophyton mentagrophytes	 KT156074
Trichophyton schoenleinii	 KT272016
Epidermophyton floccosum	 KT155569
Microsporum canis	 KT156124
Microsporum gypseum	 KT261753
Malassezia	 NR_126122
Candida	 BD014669
Aspergillus fumigatus	 FJ406497
Aspergillus niger	 DQ374430
Sporotrichum	 AF135797
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folliculitis (3.05%), and 53 cases of sporotrichosis (0.99%). 
Fungal culture was carried out on the specimen, and a total of 
5,867 strains of 11 species were isolated. The distribution of 
pathogenic fungi is shown in Table II.

Distribution of superficial mycosis, pathogenic fungi and 
age. In this study, the patients with superficial mycosis aged 
6‑70  years, with an average age of 36.39±17.38. Patients 
were grouped according to the age: Child group, 0‑15 years 
old (516  cases,  9.60%); young people group, 15‑30  years 
old (1,229  cases,  22.87%); adults group, 31‑60  years old 
(2,656 cases, 49.42%); the elderly group, over 60 years old 
(973 cases, 18.11%).

The number of patients of all ages and diseases is shown 
in Fig. 1. The group with the highest incidence of tinea capitis 
was the children (n=372, 6.92%). The group with the highest 
incidence of tinea pedis was the adults (n=905, 16.84%), and 
the incidence of tinea pedis was higher than any other mycoses 

in all age groups. Onychomycosis was concentrated in the 
young people group and the adults group.

The age of the patients and the distribution of pathogenic 
fungi are shown in Fig. 2, in which Malassezia mainly invades 
young people, yeast and mold mainly invades elderly patients 
aged over 60 years.

Distribution of superficial mycosis and sex. The prevalence 
rate of tinea pedis, tinea cruris, tinea corporis and Malassezia 
folliculitis in men was higher than that in women, and the 
prevalence rate of onychomycosis in women was higher than 
that in men (P<0.05). The specific data are shown in Table III.

Distribution of superficial mycosis, pathogenic fungi and 
time. As shown in Fig. 3, from 2008 to 2018, the incidence 
of tinea pedis, tinea corporis, tinea manuum, and tinea cruris 
showed a downward trend among 5,374 patients with super‑
ficial mycosis admitted to the dermatological department 

Table II. Clinical types of superficial dermatomycosis and distribution of pathogenic bacteria.

	 Tinea	 Tinea	 Tinea	 Onycho‑	 Tinea	 Tinea	 Malassezia	 Sporotri‑	 Total 
Type of bacteria	 pedis	 cruris	 corporis	 mycosis	 capitis	 manuum	 folliculitis	 chosis	 [strains (%)]

Dermatophyte	 1,502	 895	 824	 472	 570	 423	 0	 0	 4,686 (79.87)
Trichophyton rubrum	 1,012	 523	 605	 377	 47	 285	 0	 0	 2,849 (48.56)
Trichophyton	 309	 212	 83	 51	 205	 87	 0	 0	    947 (16.14)
mentagrophytes									       
Trichophyton	 17	 0	 0	 12	 73	 5	 0	 0	   107   (1.82)
schoenleinii									       
Epidermophyton	 58	 21	 2	 4	 0	 16	 0	 0	   101   (1.72)
floccosum									       
Microsporum canis	 67	 98	 121	 8	 184	 19	 0	 0	   497   (8.47)
Microsporum	 39	 41	 13	 20	 61	 11	 0	 0	   185   (3.15)
gypseum									       
Saccharomyces	 178	 93	 87	 383	 13	 50	 0	 0	   804 (13.70)
Candida	 178	 93	 87	 383	 13	 50	 0	 0	   804 (13.70)
Aspergillus	 19	 30	 27	 77	 0	 7	 0	 0	   160   (2.73)
Aspergillus fumigatus	 11	 23	 22	 53	 0	 5	 0	 0	   114   (1.94)
Aspergillus niger	 8	 7	 5	 24	 0	 2	 0	 0	     46   (0.78)
Malassezia	 0	 0	 0	 0	 0	 0	 164	 0	   164   (2.80)
Dimorphic fungi	 0	 0	 0	 0	 0	 0	 0	 53	     53   (0.90)
Sporotrichum	 0	 0	 0	 0	 0	 0	 0	 53	     53   (0.90)

Table III. Comparison of main clinical types of superficial dermatomycosis in patients of different sex [cases (%)].

	 Number	 Tinea	 Tinea	 Tinea	 Onycho‑	 Tinea	 Tinea	 Malassezia	 Sporotri‑
Gender	 of cases	 pedis	 cruris	 corporis	 mycosis	 capitis	 manuum	 folliculitis	 chosis

Male	 2,863	 1,059 (36.99)	 683 (23.86)	 659 (23.02)	 237   (8.28)	 308 (10.76)	 269 (9.40)	 125 (4.37)	 30 (1.05)
Female	 2,511	    479 (19.08)	 335 (13.34)	 279 (11.11)	 695 (27.68)	 275 (10.95)	 211 (8.40)	   39 (1.55)	 23 (0.92)
χ2		  210.123	 96.323	 131.630	 351.223	 0.052	 1.621	 35.776	 0.238
P valuea		  <0.05	 <0.05	 <0.05	 <0.05	 0.820	 0.203	 <0.05	 0.625

aChi‑square (χ2) test was used.
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of our hospital from the northeast region. The incidence of 
Malassezia folliculitis, onychomycosis, and sporotrichosis 
showed an upward trend. The incidence of tinea capitis first 
decreased and then increased.

As shown in Fig.  4, in terms of the isolation rate of 
pathogenic fungi, Candida, Mold, Microsporum  canis, 
Malassezia and sporothrix significantly increased, while 
Trichophyton  rubrum, Trichophyton  mentagrophytes, 
Trichophyton schoenleinii and Epidermophyton floccosum 
showed a downward trend.

Discussion

Superficial mycosis is a common disease in dermatology, 
which is characterized by common occurrence, multiple 
occurrence and recurrence, with a prevalence rate of about 
20% worldwide (14,15). In recent years, the incidence rate 
of individual superficial mycosis has increased year by year, 

and the types of pathogenic fungi are also diversified (16). In 
5,743 cases of superficial mycosis collected in this subject, 
tinea pedis was the most common disease, followed by tinea 
cruris and onychomycosis. The top three pathogenic fungi of 
superficial mycosis isolated in the 10 years from 2008 to 2018 
were Trichophyton rubrum, Trichophyton mentagrophytes 
and Candida. The results were different from the previous 
research results in Jilin (17). However, Trichophyton rubrum 
is still the first pathogen species, and most studies in China 
and worldwide also show that Trichophyton rubrum is the 
primary pathogen of superficial mycosis (18‑21). The differ‑
ence is that in northern China, Trichophyton mentagrophytes 
and Microsporum canis are often the second and third patho‑
genic fungi, while in southern China, Candida is often the 
second pathogenic fungi (22). The distribution difference of 
strains is affected by climate, population composition, lifestyle 
and socio‑economic conditions, resulting in different epide‑
miological profiles of dermatophytes in different geographical 

Figure 2. Distribution of pathogenic fungi in different ages.

Figure 1. Distribution of superficial mycosis in different ages.
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regions (23,24). According to the existing diagnostic criteria, 
tinea versicolor is a superficial fungal disease. However, when 

the study was designed, the diagnosis of tinea versicolor was 
controversial. Some scholars believed that tinea versicolor 

Figure 4. Distribution of pathogenic fungi separation rate in different years.

Figure 3. Distribution of incidence rate of superficial mycosis in different years.
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was not a fungal infection. Therefore, to avoid controversial 
conclusions, tinea versicolor was included in this study.

In this study, tinea pedis infection was mainly in adults. 
Patients of this age were the main labor force. They have 
more opportunities to contact pathogenic fungi due to work 
or housework, which may lead to an increase in the incidence 
rate. Tinea manuum is similar to tinea pedis, and the compo‑
sition of pathogenic fungi is basically the same. The reason 
may be that tinea manuum can be secondary to tinea pedis 
and is often manifested as the two feet‑one hand syndrome. 
Superficial fungal infection can also spread among different 
parts of patients. For example, tinea pedis can cause tinea 
manuum, tinea corporis, tinea cruris and onychomycosis. 
Approximately 1/3 of tinea pedis patients are accompanied by 
onychomycosis (25). There are more male patients with tinea 
pedis than female patients; tinea cruris and tinea corporis 
also have similar rules. After analyzing the causes, we found 
that it may be related to male physiological structure, more 
active habits, and exuberant secretion of sweat glands and 
sebaceous glands, which is more conducive to the growth 
of dermatophytes. Female patients with onychomycosis are 
more than male patients, which may be due to the subjec‑
tive consciousness, occupation and living habits of females. 
This is basically consistent with the research results in other 
regions (26‑28). Therefore, in daily life, we should strengthen 
the related propaganda of mycosis and improve the aware‑
ness of visiting a doctor.

Tinea capitis is mainly concentrated in children, and 
its pathogenic fungi are Trichophyton  mentagrophytes 
and Microsporum  canis. Microsporum  canis is a kind of 
animal‑friendly fungus. According to the results of this 
survey, the isolation rate in Microsporum canis has gradu‑
ally increased in recent years, which may be caused by the 
increasing popularity of pet raising. However, the incidence of 
tinea capitis in children is the highest, which may be related to 
children's poor resistance and close contact with pets such as 
cats and dogs. Before 1985, the main pathogen of tinea capitis 
in northeast China was Trichophyton schoenleinii, which is a 
kind of family fungus. However, in this study, the isolation rate 
of Trichophyton schoenleinii decreased year by year, which 
may be related to the economic development in northeast 
China. Relevant studies also showed that with the development 
of China's economy in the past 60 years, pets have become 
the most likely source of tinea capitis in modern society 
instead of the early human‑to‑human transmission model (29). 
The difference with this result is that the isolation rate of 
Microsporum canis in Jiangxi, Anhui and Xinjiang is rela‑
tively low. Trichophyton violaceum is the dominant species in 
these regions, accounting for 53.38, 46.17 and 48.55% respec‑
tively (30), which may be related to the differences in lifestyle 
in different regions. Therefore, in northeast China, pet health 
publicity and education should be strengthened. If skin fungal 
infection from pets is found, we should treated both humans 
and animals.

Among the changes of pathogenic fungi, the changes of 
Candida and Mold should be observed by doctors. This study 
showed that the isolation rate of Candida and Mold is increasing 
year by year. Candida and Mold were common conditioned 
pathogen, which could cause severe invasive fungal infection, 
such as invasive candidiasis, invasive aspergillosis. It mainly 

affected patients with low immune function, and the mortality 
rate was extremely high (31). Fungal infection is not uncommon 
in systemic diseases with hypoimmunity. Over 90% of AIDS 
patients have at least one skin disease, especially infectious 
diseases involving skin and mucosa, with a prevalence rate 
of 60% (32). In recent years, the decrease of immunity and 
dysbacteriosis of organisms have increased the possibility of 
infection caused by these fungi due to the increase of various 
chronic consumptive diseases, the extensive application of 
corticosteroids and immunosuppressants, and the long‑term 
application of broad‑spectrum antibiotics. In clinical work, 
medical workers should pay more attention to fungal infec‑
tion, apply antibiotics, corticosteroids and anti‑tumor drugs 
more reasonably, and improve the diagnosis rate and treatment 
effect of superficial mycosis of skin (33,34). In superficial 
mycosis, Candida and Mold mainly cause onychomycosis, and 
the increasing isolation rate year by year also suggests that 
doctors should consider broad‑spectrum antifungal drugs with 
consideration of dermatophyte, yeast and mould.

In addition, the changes of Malassezia deserve attention. 
Malassezia caused by this strain is often clinically misdiag‑
nosed, and the misdiagnosis rate is relatively high. Malassezia 
folliculitis has similar clinical symptoms to acne vulgaris and 
seborrheic dermatitis. It is often misdiagnosed with antibiotics 
and corticosteroid preparations during treatment, resulting 
in lingering and even aggravating diseases. This study and 
many other domestic studies show that the incidence rate of 
Malassezia folliculitis has increased each year recently (35‑37). 
It mostly invades young people, who are at an immature stage 
of psychology and physiology, and pay more attention to their 
appearance and image. Repeated occurrence of the disease 
is easy to burden young people's psychology and has a great 
impact on their growth.

Strictly speaking, sporotrichosis does not belong to super‑
ficial mycosis, but its incidence rate is gradually increasing and 
it also has the manifestation of invading superficial skin. So it 
is also included in the discussion here. Sporothrix is preva‑
lent in northeast China and its incidence rate is on the rise. 
During 1991‑2007, Jilin, China reported >2,000 confirmed 
cases of sporotrichosis, making northeast China one of the 
most serious epidemic areas of sporotrichosis in China and 
even in the world (38). Jiangsu and Guangdong are the main 
areas in southern China, but the incidence rate is far lower 
than that in northeast China. Due to its various skin lesions, 
it is often misdiagnosed as inflammatory granuloma and skin 
tuberculosis. Although most sporotrichosis can be cured, it 
takes a long time, and if proper drugs are not selected, it is 
easy to aggravate infection. Therefore, in clinical work, we 
should strengthen the understanding of related diseases and 
rationally choose drugs. With the increase in the number of 
immunocompromised patients, the epidemiological moni‑
toring of sporotrichosis is increasingly needed, and additional 
protective measures should be taken to avoid infection during 
agricultural activities.

This study showed that the distribution of superficial 
mycosis and its pathogenic fungi in northeast China has 
certain regularity and is affected by age, sex and time. With the 
passage of time, the distribution of various pathogenic fungi 
has changed correspondingly, and targeted treatment programs 
should be implemented according to its trend. In our daily life, 
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we should also strengthen the general public's awareness of 
fungal infection and persist in carrying out epidemiological 
monitoring of superficial mycosis. It is of great significance to 
the prevention and treatment of superficial mycosis. This study 
also has limitations. The inclusion of tinea versicolor was not 
included (the diagnosis of tinea versicolor was controversial at 
the beginning of the study, but it is now clear that it is a super‑
ficial fungal disease caused by pityrosporum infection). The 
negative samples were abandoned, which makes the results 
biased. In the future, more rigorous research design should be 
carried out to better serve clinical diagnosis and treatment.
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