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25-Hydroxyvitamin D and Parathyroid Hormone
Concentrations in Cattle with Dermatophytosis

In this study, it was aimed to examine the changes in serum levels of 25-hydroxyvitamin D [25-
(OH)D], parathyroid hormone (PTH), calcium (Ca), and phosphorus (P) in cattle with
dermatophytosis. 28 cattle with dermatophytosis (infected group) and 14 healthy cattle (control
group) between the ages of 6-8 months composed the study's material. In comparison to the
control group, the infected group had significantly lower serum 25-(OH)D levels (P=0.001) while
having higher levels of PTH, Ca, and P according to our results. In addition, serum 25-(OH)D levels
had a negative correlation with white blood cell (WBC) and neutrophil (NEU) levels. The infected
group was divided into two subgroups according to the distribution of lesions as mild and severe.
When compared to the control and mild groups, the severe group had the highest WBC (P=0.007)
and NEU (P=0.005) values and the lowest 25-(OH)D levels (P=0.000). As a result, it was
concluded that vitamin D levels decreased significantly in cattle with dermatophytosis and this
situation led to the worsening of the disease by suppression of immunity. PTH elevation was
evaluated as the body's response to infection to compensate for vitamin D deficiency. Based on
these findings, it was assumed that vitamin D plays a role in disease pathogenesis and is an
essential component of the treatment.
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Dermatofitozisli Sigirlarda 25-Hidroksivitamin D ve Paratiroid Hormon
Konsantrasyonlari

Bu calismada, dermatofitozisli sigirlarda serum 25-hidroksi vitamin D [25-(OH)D] ile paratiroid
hormon (PTH), kalsiyum (Ca) ve fosfor (P) diizeylerindeki degisikliklerin arastirlmasi amaglandi.
Calisma materyalini yaslari 6-8 aylik olan 28 dermatofitozisli (enfekte grup) ve 14 saghkh sigir
(kontrol grubu) olusturdu. Sonuglarimiza gore kontrol grubuyla karsilastiriidiginda, enfekte grup
anlaml olarak daha dusiik serum 25-(OH)D seviyelerine (P=0.001) sahipken, daha yuksek PTH,
Ca ve P seviyelerine sahipti. Ayrica serum 25-(OH)D duzeyleri I6kosit (WBC) ve nétrofil (NEU)
sayllari ile negatif korelasyona sahipti. Enfekte grup lezyonlarin dagilimina goére hafif ve siddetli
olmak Uzere iki alt gruba ayrildi. Kontrol ve hafif gruplarla karsilastinildiginda, siddetli grup en
yiksek WBC (P=0,007) ve NEU (P=0,005) degerlerine ve en disik 25-(OH)D dizeylerine
(P=0,000) sahipti. Sonug olarak dermatofitozisli siirlarda D vitamini diizeylerinin 6nemli 6lgtide
distigi ve bu durumun bagisikligi baskilayarak hastaligin kotllesmesine yol agtigi sonucuna
varildi. PTH yuksekligi, D vitamini eksikligini telafi etmek i¢in viicudun enfeksiyona verdidi yanit
olarak degerlendirildi. Bu bulgular 1siginda D vitamininin, hastaliyin patogenezinde rol oynadidi ve
tedavinin vazgegilmez bir bilegeni oldugu disinulda.

Anahtar Kelimeler: Dermatofitozis, 25-hidroksivitamin D, paratiroid hormon, sigir

Introduction

Dermatophytosis, also known as Tinea or Ringworm, is a fungal infection in the
cell layer of the epidermis (1). Domestic animals including cattle, cats, and dogs as well
as laboratory animals like rabbits are frequently affected by this superficial zoonotic
infection (2). In the etiology of the disease, Trichophyton spp., Epidermophyton spp. and
Microsporum spp. types are included (1). However, especially Trichophyton
verrucosum, Trichophyton mentagrophytes and Trichophyton megnini cause the
disease (2). Lesions with the shape of a round, white-grey crust are common in
keratinized tissues like the skin, nails, horns, and feet (3). In cattle, the lesions generally
appear on the skin around the head and neck. Animals exhibit alopecia and thickening
in response to autolysis of the stratum corneum and fiber structure (4).

Cattle dermatophytosis outbreaks are most common in the fall and winter and are
caused by contact with contaminated areas such as crowded cattle barns and mangers.
Lesions ranging from moderate to severe may develop after infection in the host. Weak,
young, and especially immunosuppressed animals are more prone to infection due to
stress, such as transport or weaning, and more severe skin lesions occur (5). The
disease has negative effects on animal growth, skin integrity, and the production of
meat and milk, and it is more common in young animals than in adults (6). Vitamin D
has a crucial role in several processes, including immune system regulation,
keratinocyte turnover, and maintaining the integrity of the epidermal barrier (7). In
vitamin D deficiency, the absorption of calcium (Ca) from the intestines decreases.
Decreased Ca ion increases the release of parathyroid hormone(PTH). While PTH acts
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on bone, kidney and intestine, it allows the passage of
Ca into the blood and reduces the reabsorption of
phosphate (8). The body's primary source of vitamin D is
the epidermis. Under normal conditions, the body may
produce enough vitamin D (from particular precursors)
when exposed to ultraviolet (UV)-B radiation (7). It has
been stated that the vitamin D requirement of cattle can
be met by nutrition and exposure to sunlight (9). The
synthesis of vitamin D from the skin, however, declines
throughout the winter (10).

As is known, Dermatophytosis is a self-limiting
disease, but several factors like immunosuppression,
stress, overcrowding, illness, poor nutrition and age
predispose animals to infection (11). Considering the
important effects of vitamin D on the integrity of the
epidermal barrier and the regulation of the immune
system, we hypothesized that serum 25-hydroxy vitamin
D [25-(OH)D] levels would be quite low in cattle with
dermatophytosis. In addition, with this study, we aimed
to investigate the changes in 25-(OH)D, PTH, Ca and
phosphorus (P) levels, which are closely related to each
other, in cattle with dermatophytosis.

Materials and Methods

Research and Publication Ethics: This study was
performed in accordance with the approved ethical rules
of Atatirk University (protocol no. 2021/1, decision
number: 30) and for each cattle written informed consent
was obtained from the owner.

Animals and Protocol Design: The material of
the study consisted of 42 cattle of 6-8 months old,
Simmental and Brown Swiss breeds, and both genders.
According to clinical examination findings and blood test
results, the cattle were divided into two groups:
Dermatophytosis (infected, n=28), and healthy (control,
n=14). Cattle with dermatophytosis were divided
according to the distribution of their lesions as mild
(n=14) and severe (n=14). Thus, a second grouping was
made. Cattle with any disease symptoms other than
dermatophytosis were not included in the study.

Mycological Examination: Cattle with circular,
white, topical, or dense alopecic, and bran lesions were
included in the study. While sampling from the skin
lesions of the animals, the conditions of asepsis and
antisepsis were complied with by using alcohol. Skin
scraping samples were taken using a sterile scalpel tip
and a sterile plastic brush using the brushing technique
(12) and cultured on Sabouraud Dextrose Agar
containing 0.5% chloramphenicol (HiMedia, Mumbai,
India). Cultures were incubated at 25+1 °C for up to
three weeks and controlled periodically for fungal
growth. The identification of isolated colonies was made
according to the dermatophytes identification scheme.
The macroscopic examination of colonies was recorded
then cultures were stained with lactophenol cotton blue
for microscopic identification and then visualized under
the microscope. In the microscopic examination, the
presence of septa, shape, size of hyphae, and conidial
cells were evaluated under a light microscope for
examination (13).
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Blood Sampling: For haematological and
biochemical investigations, blood samples from all the
calves were taken from the vena jugularis externa and
placed in tubes containing EDTA (Vacutainer, K2E 3.6
mg, BD, UK) and gel (Vacutainer, BD, UK). Blood
samples were centrifuged at 3000 rpm for 10 minutes
after waiting at room temperature in gel tubes. The sera
were stored at -80°C until biochemical analysis.

Hematological Analyses: A hematology analyser
was used to measure the cattle's white blood cell
(WBC), lymphocyte (LYM), monocyte (MON), neutrophil
(NEU), eosinophil (EOS), red blood cell (RBC), and
hemoglobin (HGB) counts, and hematocrit (HCT) and
platelet (PLT) levels (Abacus Junior Vet5, Hungary). The
haematological assays were completed immediately.

Biochemical Analyses: Serum 25-(OH)D and
PTH concentrations were determined by the
electrochemiluminescence immunoassay  (ECLIA)
method using a chemistry analyzer (Cobas e€801; Roche
Diagnostics, Switzerland). A biochemistry auto analyser
(Beckman Coulter, AU5800, USA) was used to analyse
serum Ca and P levels using commercial kits.

Statistical Analyses: For statistical analysis,
SPSS software (Version 25.0, SPSS Inc., Chicago, IL,
USA) was utilized (14). To evaluate the data distribution
between the groups, the Kolmogorov-Smirnov test was
utilized (Infected and Control groups). Parameter
comparisons were made using the Independent-
Samples t-test between healthy cattle and cattle with
dermatophytosis. One-way analysis of variance
(ANOVA) and the post hoc Duncan test were used for
statistical analysis of the subgroups; control, mild, and
severe groups. The Pearson Correlation test was used
to measure the correlation between the parameters. All
results were presented as mean + standard deviation
(SD), and P<0.05 was used for all statistical
comparisons.

Results

Clinical Findings: Most cattle with
dermatophytosis also had dandruff, topical alopecia, and
circular, dense, white, and erythematous lesions that
spread throughout the body, particularly in the head and
neck region. Lesions in the mild group were typically
limited to the head (Figure 1), whereas lesions in the
severe group spread to the head, neck, and back (Figure
2).

Fungal Culture Findings: Trichophyton spp.
colonies was visualized like a powdery to granular
surface, was white to cream in color, flat, and reversed
golden brown to reddish-brown in Sabouraud Dextrose
Agar plate.

Hematological Findings: According to the
hematologic results, the infected cattle's MON (P=0.006)
and EOS (P=0.016) values were lower while WBC, LYM,
NEU, and PLT values were higher than those of the
control group (Table 1). The highest WBC (P=0.007) and
NEU (P=0.005) values were found in the severe group
compared to the control and mild groups (Table 2).
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Figure 1. Dermatophytosis lesions limited to the head
region in the mild group

Biochemical Findings: Serum 25-(OH)D levels
were significantly lower in cattle with dermatophytosis
than in healthy cattle (P=0.001). On the other hand,
PTH, Ca and P levels were high, but this increase was
not statistically significant (Table 1). Compared to the
control group, vitamin D levels were quite low in both the
mild and severe groups, but the severe group had the
lowest levels (P=0.000). Mild and severe groups had
higher PTH, Ca, and P levels than the control group, but

Figure 2. Widespread dermatophytosis lesions in the
severe group

only the severe group's Ca value was statistically
significant (P=0.041) (Table 2).

Serum 25-(OH)D levels were moderately
negatively correlated with P (r=-0.455, P=0.002) and
NEU (r=-0.447, P=0.003) while weakly negatively
correlated with WBC (r=-0.389, P=0.011). PTH levels
were moderately positively correlated with P (r=0.432,
P=0.004) (Table 3).

Table 1. Comparison of haematological and biochemical results between healthy cattle and cattle with dermatophytosis

Parameters Healthy (n=14) Dermatophytosis (n=28) P Value
WBC (x10%/uL) 8.82+1.50 10.57+4.49 0.166
LYM (x10%/uL) 5.85+1.42 6.31+1.88 0.426
MON (x10%/uL) 0.56+0.24 0.34+0.23 0.006
NEU (x10*/uL) 2.08+0.93 3.83+3.18 0.052
EOS (x10°/uL) 0.31+0.30 0.08+0.07 0.016
RBC (x10%/uL) 7.33+0.93 7.94+1.51 0.173
HGB (g/dL) 8.57+0.99 9.08+1.38 0.229
HCT (%) 27.89+4.83 27.01+3.62 0.510
PLT (x10%/L) 3964145 4654148 0.159
25-(OH)D (mg/mL) 25.67+7.54 10.1945.86 0.001
PTH (pg/mL) 30.15+8.61 32.64+11.06 0.466
Ca (mg/dL) 8.62+0.37 8.91+0.55 0.82
P (mg/dL) 6.58+4.11 8.10+0.62 0.194

WBC: white blood cell; LYM: lymphocyte; MON: monocytes; NEU: neutrophil; EOS: eosinophil; RBC: red blood cell;
HGB:haemoglobin; HCT: haematocrit; PLT: platelet; 25-(OH)D: 25-hydroxy-vitamin D; PTH: parathyroid hormone; Ca: calcium;

P:phosphorus
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Table 2. Comparison of haematological and biochemical parameters of calves in control, mild and severe groups

. P
Parameters Control (n:10) Mild (n:14) Severe (n:14) Value
WBC (x10%/uL) 8.82+1.50° 8.62+1.61° 12.52+5.57" 0.007
LYM (x10%uL) 5.85+1.42 5.70+1.35 6.92+2.17 0.130
MON (x10°/uL) 0.56+0.24" 0.30+0.19° 0.39+0.26° 0.014
NEU (x10*/uL) 2.08+0.93 2.54+0.43 5.11+4.15" 0.005
EOS (x10%/uL) 0.31+0.30° 0.069+0.065% 0.1+0.071° 0.002
BAS (x10°/uL) 0.00£0.00? 0.0014+0.0036% 0.0036+0.0049" 0.037
RBC (x10%/uL) 7.330.93° 7.33+1.53° 8.55+1.27° 0.020
HGB (g/dL) 8.57+0.99 8.70+1.32 9.46+1.38 0.140
HCT (%) 27.89+4.83 26.23+3.42 27.79+3.77 0.484
PLT (x10%/uL) 396145 460129 470170 0.371
25-(OH)D (mg/mL) 25.67+7.54° 14.3945.42° 6.01+2.07° 0.000
PTH (pg/mL) 30.15+8.61 34.62+11.39 30.65+10.75 0.461
Ca (mg/dL) 8.62+0.37° 8.74+0.28% 9.09+0.70° 0.041
P (mg/dL) 6.58+4.11 8.11+0.52 8.08+0.73 0.177

WBC: white blood cell; LYM: lymphocyte; MON: monocyte; NEU: neutrophil; EOS: eosinophil; BAS: basophil; RBC: red blood cell;
HGB: haemoglobin; HCT: haematocrit; PLT: platelet; 25-(OH)D: 25-hydroxy-vitamin D; PTH: parathyroid hormone; Ca: calcium;
P:phosphorus. Data are presented as mean + SD, SD: standard deviation. Different letters in the same line are statistically significant

(P<0.05)

Table 3. Correlation results between 25-(OH)D and PTH, Ca, P, WBC, LYM, and NEU levels in dermatophytosis and

healthy calves (Pearson correlation analysis)

Parameters 25-(OH)D PTH Ca P WBC LYM NEU
25-(OH)D 1.000 -0.269 -0.276 -0.447" -0.389* -0.217 -0.455**
PTH 1.000 -0.096 0.432" 0.152 0.245 0.070
Ca 1.000 0.199 -0.121 0.054 -0.182
P 1.000 0.138 0.267 0.062
WBC 1.000 0.744% 0.885"
LYM 1.000 0.361*
NEU 1.000

25-(0OH)D: 25-hydroxy-vitamin D; PTH: parathyroid hormone; Ca: calcium; P: phosphorus; WBC: white blood cell; LYM: lymphocyte;

NEU: neutrophil. *P<0.05, **P<0.01.

Discussion

In this study, serum 25-(OH)D, PTH, Ca, and P
levels were investigated in cattle with dermatophytosis.
We determined that 25-(OH)D levels were significantly
reduced in cattle with dermatophytosis. The current
study results showed that increased Ca, P, and PTH
levels were not significant statistically.

Vitamin D has effects on keratinocyte proliferation
and differentiation, apoptosis, barrier maintenance and
immunomodulatory effects on the skin (15). Previous
research reported that vitamin D levels are low in
dermatophytosis cases in humans (16) and cattle (17).
Similarly, in this study, we found very low serum 25-
(OH)D levels in cattle with dermatophytosis. There was a
negative correlation between serum 25-(OH)D levels
and WBC and NEU levels. Furthermore, the lowest

vitamin D levels and the highest WBC and NEU levels
were found in the severe group. Thus, it is possible to
argue that low vitamin D levels suppress the immune
system of the skin and contribute to the development
and progression of dermatophytosis lesions. In line with
this, vitamin D has been shown to enhance cathelicidin
synthesis in human keratinocytes (18). Cathelicidin, on
the other hand, is a key effector molecule of innate
immunity in the skin and increased epidermal
cathelicidin levels could result in a reduction in
cutaneous inflammasome activity (19). According to a
study, cathelicidin expression in lesional skin was higher
in serum vitamin D sufficient groups compared to serum
vitamin D deficient groups (20). Topically applied vitamin
D analogues like calcipotriol reduce inflammation and
morphological changes in psoriatic lesions (21). At the
same time, calcipotriol treatment reduces pro-
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inflammatory cytokines while significantly increasing
cathelicidin expression (22). Based on these findings, it
is possible to infer that low vitamin D levels in cattle with
dermatophytosis will indirectly weaken the skin's
immune system, thereby exacerbating dermatophytosis
lesions. In the current study, which supports this
inference, we found that the animals in the severe group
had the lowest vitamin D levels. Of course, the use of
vitamin D in treatment can be argued to be beneficial. In
support of our view, the occurrence of fungal infections
in young and immunocompromised cattle reveals the
relationship between 25-(OH)D and the immune system
(23). The use of vitamin D in the combat against
infectious diseases has also been found to have
therapeutic benefits (16).

Mice with bacterial skin disease that are deficient in
vitamin D in their diets have been found more
susceptible to skin infections. It has been proposed that
these mice respond to infection by producing more PTH
to compensate for the lack of vitamin D because
applying PTH to mouse skin reduced susceptibility to
group A Streptococcus skin infection (24). Similarly, in
this study, while vitamin D levels were lower in cattle
with dermatophytosis compared to the control group,
PTH levels were higher. Accordingly, this can be
interpreted as these cattle respond to infection by
increasing their PTH levels to compensate for insufficient
vitamin D. Supporting our view, PTH has been shown to
increase 1,25-D3 levels in keratinocytes (25), induce
cathelicidin antimicrobial peptide response and enhance
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