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Abstract

Trichophyton verrucosum.

measures and prophylaxis.

Background: Ningxia Hui Autonomous Region is an important cattle breeding area in China, and cattle breeding
bases are located in this area. In Ningxia, dermatophytes have not been paid attention to, so dermatophytosis is
becoming more and more serious. For effective control measures, it is important to determine the disease
prevalence and isolate and identify the pathogenic microorganism.

Results: The study showed the prevalence of dermatophytes was 15.35% (74/482). The prevalence in calf was
higher than adult cattle (p < 0.05). The morbidity was the highest in winter compared with autumn (p < 0.0001),
summer (p < 0.05) and spring (p < 0.0001). The prevalence in Guyuan was the highest compared with Yinchuan
(p <0.05) and Shizuishan (p < 0.05). The incidence of lesions on the face, head, neck, trunk and whole body was
2043, 38.71, 2043, 10.75 and 9.68%, respectively. From all samples, the isolation rate of Trichophyton was highest
(61.1%). The phylogenetic tree constructed showed that the 11 pathogenic fungi were on the same branch as

Conclusions: This study reports, for the first time, the presence of Trichophyton verrucosum in cattle in Ningxia and
showed that the incidence of dermatophytosis is related to different regions, ages and seasons. A better
knowledge of the prevalence of dermatophytosis of cattle may allow the adoption of more efficient control
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Background

Dermatophytosis in animals are mostly caused by Der-
matophytes that is a group of closely related organisms
which can invade the stratum corneum of the epidermis
[1, 2]. Dermatophyte infections are a major health prob-
lem both in humans and animals around the world,
which can be transmitted from animal to animal and
from animals to humans, causing outbreaks among ex-
posed individuals [3, 4].
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Approximately more than 40 kinds of dermatophytes
have been discovered, and they mainly infect skin, hair,
and other tissues, causing dander increased, hair re-
moval, exudation, folliculitis, itching and other clinical
signs [5, 6]. They are the causative agents of ringworm,
also commonly referred to as dermatophytosis or Tinea
[7]. Dermatophytes are classified as anthropophilic, zoo-
philic, and geophilic based on their primary reservoirs
[8-10]. Anthropophilic are primarily associated with
humans and rarely infect animals [8, 10]. Zoophilic der-
matophytes usually infect animals or are associated with
animals but occasionally infect humans [8, 11, 12]. Geo-
philic occasionally can be pathogenic for humans or
animals [8, 11, 12].
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Dermatophytosis of cattle are one of the pathogens af-
fecting public health. In particular, worker infections
caused by Trichophyton rubrum are often common be-
cause these people are in direct contact with infected
cattle [7]. The infection caused by Trichophyton
verrucosum (T. verrucosum), Trichophyton rubrum, Tri-
chophyton mentagrophytes, Trichophyton simii and
Microsporum gypseum has been reported [7, 13].

Calves belonging to either sex, breed, age in all kinds of
farm condition are considered highly exposed to T. verru-
cosum infection [7, 14]. Calves are more affected than
adults because they have not specific immunity yet from
natural exposure to these fungi [3]. Transmission occurs
through direct contact with sick animals, and indirect
transmit, such as from an infected environment, poor nu-
trition and livestock mismanagement, as well as lack of
sanitation routines, which leads to facilitate spreading of
fungi [3]. The infection is common in those countries
which have a hot and humid climate. In temperate areas,
the peak of infection usually occurs in Summer and Win-
ter [3, 15]. In China, cases of T. verrucosum infection in
cattle and humans are mainly reported in Xinjiang Uygur
Autonomous Region in Western China [16].

The Ningxia Hui Autonomous Region is an important
cattle breeding area in China. There are five cities
(Shizuishan, Yinchuan, Zhongwei, Wuzhong, Guyuan) in
Ningxia, and four of them (Yinchuan, Wuzhong,
Shizuishan and Guyuan) are the main cattle breeding
bases. Only a few cases of T. verrucosum infection in
cattle have been reported in Ningxia Hui Autonomous
Region in Western China.

Although the dermatophytosis is rarely fatal, it has a
negative impact on animal growth and meat production
and cause the poor quality of rawhide materials in view
of hides and skins being affected and destroyed by der-
matophytes, which can cause huge economic losses to
animal husbandry [3, 17]. So, this study is a great step
towards the prevention and control of cattle fungal skin
diseases in Ningxia Hui Autonomous Region.

Results

Epidemiological investigation results

A total of 482 beef cattle from 4 different cities of
Ningxia province were investigated, and the results of
the study were showed in Table 1. The clinical signs of

Table 1 Prevalence of disease in different cities of Ningxia
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cattle with dermatological diseases were similar. The le-
sions were mainly found on the neck (Fig. 1a), head, face
(Fig. 1b) and trunk (Fig. 1c).

The prevalence of disease in Yinchuan was 10.23% (9/
88), Shizuishan was 11.04% (17/154), Wuzhong was
17.50% (21/120) and Guyuan was 22.50% (27/120), re-
spectively. The prevalence of disease in Guyuan was the
highest, followed by Wuzhong, Shizuishan and
Yinchuan. Meanwhile, Guyuan was significantly differ-
ent(p < 0.05), as compared to Yinchuan and Shizuishan,
but the prevalence of disease in Wu Zhong was lower
than Guyuan nonsignificantly (p>0.05). In addition,
Yinchuan and Shizuishan were also similarly nonsignifi-
cant (p > 0.05). (Table 1).

Among the investigated herds (n = 482), the prevalence
of disease in calf were 10.82% (53/288) and the prevalence
of disease in adult cattle were 18.40% (21/194). The preva-
lence of disease in calf were higher than the adult cattle
and significantly different (p < 0.05) (Table 2).

The highest infection rate was found in winter com-
pared with autumn (p <0.0001), summer (p < 0.05) and
spring (p <0.0001). The prevalence of infection was
higher in summer than spring and autumn, but they
were not significantly different (p >0.05) by statistical
analysis (Table 2).

The ringworm lesion appeared on the skin, and the
sign were scattered in different body sites. The preva-
lence of lesions on the face, head, neck, trunk and whole
body was 20.43, 38.71, 20.43, 10.75 and 9.68%, respect-
ively. (Fig. 2).

Microscopic examination results

The 74 samples that were coming from skin desquam-
ation and hair of skin lesions of beef cattle were col-
lected from Yinchuan (#=9), Shizuishan (n=17),
Wuzhong (n=21), Guyuan (n=27) cities in Ningxia
province in China., then observed with microscope. All
samples were observed septate hyphae in skin scales and
ectothrix spores in hair, parasites and parasite eggs were
not found. Percentage of positivity of fungi by direct
microscopic examination was 100% (74/74).

Isolation and culture results
The isolated fungi were initially classified according to
the colony morphology on SDA medium. There are

Cities No. of skin lesions No. of Infected Total Prevalence (%) p value
suggestive of dermatophyte samples samples
Yinchuan 9 9 88 10.23 p=0.0104 < 0.05(Chi-square 6.5723) for Guyuan
o vs Shizuishan, p = 0.0208 < 0.05(Chi-square 5.3429)
Shizuishan 17 17 154 11.04 for Guyuan vs Yinchuan
Wuzhong 21 21 120 17.50
Guyuan 27 27 120 2250
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white desquamations around the trunk

Fig. 1 Dermatophytosis in cattle. a Grayish-white desquamations around the neck. b Grayish-white desquamations around the head. ¢ Grayish-

seven species of fungi cultured with 18 samples, includ-
ing 4 strains of Alternaria (Fig. 3a), 4 strains of Fusar-
ium (Fig. 3b), 7 strains of Aspergillus (Fig. 3c), 11 strains
of Trichophyton (Fig. 3d), 4 strains of Mucor (Fig. 3e), 4
strains of Epicoccum (Fig. 3f), 7 strains of Lichtheimia
(Fig. 3g).

Identification results of Trichophyton verrucosum

Eleven strains of Trichophyton had similar morpho-
logical structures, and their colonies growth was slow.
After 1 week of culture, white fluffy colonies were
formed and were firmed in texture. Microscopy showed

that mycelium was filiform, 2 - 6 um pear-shaped and
small conidia grow along with the mycelium to form
antler-like hypha. After 2weeks, the colonies formed
some white powdery colonies with no pigment pro-
duced, showing typical chain chlamydospores, curved
mycelium with a diameter of 3 - 4 um were observed.
According to the results of culture, isolation and mor-
phological observation, they were initially identified as T.
verrucosum. The 11 Trichophyton strains isolated were
named NXGY1, NXGY2, NXYC1l, NXYC2, NXYC3,
NXWZ1, NXWZ2, NXWZ3, NXSZS1, NXSZS2,
NXSZS3.

Table 2 Prevalence of disease in different ages and seasons (n =482)

Variables No. of Infected Total samples Prevalence% p value
samples
Age
Calf 53 288 1840 p=0.0236 < 0.05(Chi-square 3.9726)
Adult cattle 21 194 10.82
Season
Winter 36 482 747 p < 0.0001(Chi-square16.9933) for winter vs autumn,
0 e o e
Summer 19 482 394 Vs spring
Autumn 9 482 1.87
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Fig. 2 The distribution ratio of skin signs in different body sites
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20.43% neck
10.75% trunk
9.68% whole body
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Trichophyton gene identification

The intergenic spacers of 11 Trichophyton strains and T.
verrucosum ATCC 42898 were amplified by PCR ampli-
fication. The amplified products were analyzed by agar-
ose gel electrophoresis. The results showed that the gene
amplification showed about 650bp DNA fragments
(Fig. 4).

Genetic analysis of Trichophyton

The amplification sequence of 11 Trichophyton strains
and T. verrucosum ATCC 42898 were analyzed by the
Sequence Distances method of MegAlign software. The
similarity was above 99.2% (Fig. 5). The phylogenetic
tree was constructed based on the gene sequences of
ITS1 and ITS4 of 11 Trichophyton strains, and all se-
quences were compared with Trichophyton verrucosum,
Trichophyton concentricum, Trichophyton violaceum,
Epidermophyton floccosum and Microsporum canis
strains. The results were shown in Fig. 6. The phylogen-
etic tree constructed showed that the 11 pathogenic

fungi were on the same branch as 7. verrucosum. The
NCBI GenBank accession numbers obtained by NXGY1
and NXGY2 are: KJ816333 and KJ816334 (Fig. 6).

Discussion

Clinical signs and survey results showed that lesions
were mainly found on the head and neck, especially
around the eyes and face. For more serious beef cattle,
lesions could appear in the whole body, which is consist-
ent with previous reports [13, 18]. The reason for head
and neck that is the main site of disease is not yet clear
and may be related to the organization and husbandry of
beef cattle. Firstly, skin tissue around the eyes of beef
cattle is soft, which is more susceptible to fungal attach-
ment and growth. Secondly, the beef cattle in Ningxia
are mainly intensive farming patterns, so the beef cattle
suffer frictional damage to the head and neck by the rail-
ings during feeding, then the fungal could infect and
grow on the damaged skin, which is absent of the epi-
dermis defense.

Epicoccum. g Lichtheimia

Fig. 3 Colony morphology of fungi isolated and cultured on SDA medium. a Alternaria. b Fusarium. ¢ Aspergillus. d Trichophyton. e Mucor. f
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Fig. 4 Agarose electrophoresis of amplified ITS from Trichophyton. (M: DL2000 Maker; 1-11: The amplified ITS fragments of
NXGY1. NXGY2. NXYCT. NXYC2. NXYC3. NXWZT. NXWZ2. NXWZ3, NXSZS1. NXSZS2. NXSZS3.12:Positive control. 13: Negative control.
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Calves are more susceptible than adult cattle, that is
consistent with previous reports [13, 19]. The higher
prevalence of calves is related to its undergrowth skin
and hair, sebaceous gland less secretions, incomplete
skin micro-ecological flora and the immune system hy-
poplasia [13]. In our study, we got the same results.

In order to identify the influence of the humid envir-
onment, the traceable climate data from the Ningxia
Meteorological Service Network (http://www.qx121.com.
cn/) during the study period was analyzed, and the con-
sistent correlation between morbidity and precipitation
was noticed. The prevalence rate is higher in the cities
(Guyuan and Wuzhong), which has the high precipita-
tion. Yinchuan and Shizuishan are moderate temperate
arid areas with annual precipitation of 180-200 mm.
Wuzhong is a moderate temperate semi-arid areas with
annual precipitation of 280-300 mm. Guyuan is moder-
ate temperate semi-humid areas with annual precipita-
tion above 400 mm..Regional analysis found that the
prevalence of beef cattle skin disease was higher in semi-
humid areas (Guyuan) than in semi-arid areas
(Wuzhong). Semi-arid areas are higher than arid areas
(Yinchuan and Shizuishan). These results show that beef
cattle are more susceptible to skin dermatophytes and
more conducive to the spread of pathogens in areas with
more precipitation. This result is consistent with the

incidence of dermatophytosis in high humidity areas
compared to low humidity areas [11].

In our study, the prevalence rate is high in summer
and winter, and previous studies reported the similar re-
sults [15]. Summer is hot, with strong sunshine and hu-
midity, which accelerates the metabolism of the skin
cells increasing a lot of sebum secretion, the large
amount of sweat and other wastes discharged from the
skin. So, the surface environment of the skin is changed,
which weakens the disease resistance of the beef cattle
and promotes the growth of the fungus. Winter is cold,
the herd gather together, which promote the spread and
outbreak of dermatophytosis. Meanwhile, the prevalence
is higher in winter than summer. The reason may be
that cattle gather together in winter, and they collide
with each other to cause the spread of fungal diseases
more easily.

Out of the 482 cattle examined, 74 had skin lesions
suggestive of dermatophytosis. Samples from these 74
animals processed for fungi detection by direct micro-
scopic examination and all were positive for fungi. Isola-
tion and identification of 18 samples which were coming
from severely affected cattle showed that not only patho-
genic fungi Trichophyton verrucosum were isolated, but
also saprophytic fungi of Lichtheimia, Aspergillus and
Mucor were isolated. These saprophytic fungi could also

Percent Identity
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Fig. 5 Amplification sequence similarity test results of 11 strains of Trichophyton



http://www.qx121.com.cn/
http://www.qx121.com.cn/

Guo et al. BMC Veterinary Research (2020) 16:187 Page 6 of 9

Trichophyton verrucosum strain ATCC 42898(KJ606085.1) .
Trichophyton verrucosum NXGY1(KJ816333)
Trichophyton verrucosum NXGY2(KJ816334)
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Trichophyton verrucosum NXWZ1
g5 | Trichophyton verrucosum NXWZ2
] Trichophyton verrucosum NXWZ3 T verrucosum
Trichophyton verrucosum NXYC1
Trichophyton verrucosum NXYC2
Trichophyton verrucosum NXYC3
) Trichophyton vermucosum(AB058851)
Trichophyton vermucosum(AB443930)
Trichophyton verrucosum(AB491473)
Tnichophyton vermmucosum(Z298003)
g9 ¢ Trichophyton concentricum(EU083908)
I— Trichophyton concentricum(Z98012)

Trichophyton.spp

12

&3] E Trichophyton ennacei(Z97996)
3 5 Trichophyton enotrephon(JN134090)

Tnchophyton viclaceum{AB430482)
—99| Trichophyton violaceum({KF360236)
| Trichophyton tonsurans{AB094675)
93| Trichophyton tonsurans(EF043272)

e
002

| Epidermophyton floccosum(AY213646)
w3| Epidermophyton floccosum(JX101928)
| Microsporum canis(AY213657)

93| Microsporum canis(EU590655)

Fig. 6 Phylogenetic tree constructed with the program Neighbor—Joining (NJ) based on the amplicons of ITST and ITS4 region
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cause pathogenicity and strengthen the damage to skin
tissue [2]. Fusarium is widely found in soil and can pro-
duce toxins to contaminate animal feed, which can cause
foot rot in cattle after feeding [5]. Alternaria is mainly
parasitic on plants and can cause economic plant dis-
eases [2]. Epicoccum is a kind of plant fungi. It can pro-
duce conidia and antifungal compounds on the surface
of senile or newly dead plant tissues [2, 6]. Among all
fungi, the Trichophyton verrucosum were isolated mostly,
so the main pathogenic fungi causing cattle dermatosis
are Trichophyton verrucosum. These rotten fungal
(Lichtheimia, Aspergillus and Mucor) infections were in-
duced after Trichophyton verrucosum infection, which
aggravates the condition of the diseased cattle. Lichthei-
mia, Aspergillus and Mucor appear in the collected sam-
ples, which may be due to the presence of these fungi in
the litter or feed of the cattle. When sleeping or eating
feed, the lesions are itchy. Therefore, when it is rubbed
with forage, it causes adhesion and infection of these
fungi in the lesion. Out of 11 strains of Trichophyton

verrucosum isolated from 18 samples, the isolation rate
of Trichophyton verrucosum was 61.1%, which is in ac-
cordance with Courtellemont L [20] report.

In recent years, with the rapid development of intensi-
fied farming techniques in Ningxia and the widespread
use of glucocorticoids and antibiotics on animals, the
immunity of animals is often greatly reduced, so that the
incidence of some saprophytic fungi diseases is increas-
ing year by year [21]. As Trichophyton verrucosum can
survive in the environment for 5-7 years [22, 23], soil
and contaminated practices, even homes, can be sources
of infection for animals, which should be concerned.

Microscopic examination and culture in dermatophyte
detection were the lower sensibility. These two detection
methods can only determine the presence of fungi in the
collected samples and cannot determine the species of
the fungus. At present, PCR technology combined with
DNA sequence analysis technology is commonly detec-
tion method used to identify fungal species. The internal
transcribed spacer (ITS) is relatively conserved in long-
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term evolution and has large evolutionary differences
among different species, so the internal transcribed
spacer is often used for species classification studies
[24-26]. The similarity analysis and homology analysis
of the ITS sequences of 11 Trichophyton strains showed
that the 11 strains of Trichophyton were Trichophyton
verrucosum. It is indicated that Trichophyton verrucosum
is widely present in Ningxia.

Currently, Norway and Sweden have reported corre-
sponding sputum vaccines to control this disease [27,
28]. However, in China, there is no approved vaccine to
prevent the disease. Without the vaccine or prevention
method the current occurrence of dermatosis is more
and more seriously in China, especially in the Ningxia
Hui Autonomous Region, which has a large cattle pro-
duction. Therefore, we need to improve the feeding en-
vironment of the cattle farm, isolate the infected cattle,
give sufficient sunshine, regular medicated bath, keep
the cattle farm dry and give appropriate therapeutic
drugs to alleviate the disease, in order to prevent infec-
tion caused by Trichophyton verrucosum. The farm man-
agers and veterinarians should be educated for the
prevention in summer and winter. In summer, it is ne-
cessary to drain well, keep the cattle farm dry and ensure
the sanitation and cleanliness of the shed, isolate sick
cattle and disinfect them regularly. In winter, it is neces-
sary to keep shed warm, air flow, isolate sick cattle and
give sufficient sunshine time.

Cattle ringworm causes high economic losses. Fungal
skin diseases not only affect the growth and develop-
ment of cattle but also cause skin damage, then eventu-
ally cause high economic losses, so more in-depth study
is needed in future.

Conclusions

This study reports, for the first time, the presence of T.
verrucosum in cattle in Ningxia Hui Autonomous Region
and showed that the incidence rate of cattle fungal skin
disease is higher in summer and winter, and calf are easy
to be infected than adult cattle, and the different strains
of T. verrucosum are in the same position in the Phylo-
genetic tree, that showed all the strains come from same
source.

Methods
Cattle and sample preparation
The total number of beef cattle investigated was 482, in-
cluding 288 cattle <6 months, 194 cattle >6 months.
This study investigated beef cattle farms in Yinchuan
(n =88), Wuzhong (n=120), Shizuishan (n=154) and
Guyuan (# = 120) in Ningxia.

Cattle were observed whether they had dermatophyt-
osis, and diagnosed with lesions such as alopecia, scaling,
crusts, bleeding, hair dullness, emaciation and itching.
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The number of groups, the number of cattle affected,
age, lesion site and the time of onset were recorded.

Sample collection

Skin desquamation and hair collection were performed
at the junction between healthy and affected skin lesions,
after cleaning with ethyl alcohol 70% using a sterile scal-
pel blade [29]. The samples were preserved in sterile
sealed bags and sent for fungal examination laboratory
in School of Agriculture, Ningxia University.

Microscopic examination
Preserved samples in sterile sealed bags were transferred
to slides and added 1 drop of 10% KOH solution to
soften the dander for 5 min and then observed under an
optical microscope [30].

Mycological culture

Eighteen samples from cattle with neck, head, face and
trunk lesions were inoculated onto the Sabouraud Dex-
trose Agar (SDA) culture medium (Qingdao haibo,
Qingdao, China) with 3 points of inoculation [31, 32].
The samples were cultured in the incubators at 30°C
and 37 °C for 1-2 weeks. After that, the colony growth
was observed every day. When the new hyphae were
grown, they were inoculated in SDA medium, and cul-
tured in a constant temperature incubator at 30 °C and
37°C [31, 32]. Preliminary species classification of fungi
was made, according to the growth rate, colony form,
color change of culture medium, mycelium and conidial
morphology.

Gene identification

Approximately 100 mg of fresh mycelium was pulverized
in liquid nitrogen to cause initial decomposition. The
fungi’s genome DNA were extracted with a DNA extrac-
tion kit (Takara, Japan). The ITS1 (5'-TCCGTAGGTG
AACCTGCGG-3 ‘) and ITS4 (5-TCCTCCGCTTATT
GATATGC-3") specific primers of pathogenic fungi
were used for internal transcribed spacer [4, 30, 32]. The
PCR reaction mixture was 25 pl (2.5 ul,10 x PCR Buffer,
2.0 ul ANTP Mixture, 0.125 ul rTaq, 1 ul primer, 0.5 pl
DNA, plus ddH20 to 25 pl) (TaKaRa, Japan) [4, 30, 32].
The reaction mixture was incubated at 94 °C for 5 min,
then subjected to 30 cycles of 94-°C for 30, 55 °C for 30
s and 72°C for 1 min [4, 30, 32]. Trichophyton verruco-
sum ATCC® 42,898™ was used as a positive control.
Staphylococcus aureus ATCC 25923 was used as nega-
tive control and DNase and RNase-free Water were used
as blank control in PCR. The PCR products were elec-
trophoresis analyzed with 1% agarose gel, and all PCR
products were sequenced.
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Phylogenetic analysis

The sequencing results were evaluated to determine the
closest relatives using nucleotide BLAST. The similarity
analysis was performed using the Sequence Distances
method of MegAlign software. A phylogenetic analysis
of sequences together with sequences of the closest rela-
tives available in the GenBank database was conducted
using the neighbor-joining method of MEGA 6.0. The
sequences were submitted to the NCBI database to ob-
tain the GenBank accession number. Trichophyton ver-
rucosum ATCC 42898 was used for position controls
and its GenBank accession numbers was KJ606085.1.

Statistical analysis

All data were subjected to statistical analysis for the in-
terpretation of the results with Graphpad prism 6 and
SAS software. Risk factor analyses were performed con-
sidering locality (Yinchuan, Wuzhong, Shizuishan and
Guyuan), age (calf and adult cattle), season (winter,
spring, summer and autumn), and lesion sites (face,
head, trunk, neck and whole body), considering a signifi-
cant p-value <0.05, calculated through the Chi-square
test [3].

Abbreviations
SDA: Sabouraud Dextrose Agar; T. verrucosum: Trichophyton verrucosum
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