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ABSTRACT

This study determined the levels of Vitamin E, 25-hydroxyvitamin D
3
 (25(OH)D

3
), interleukin-2 (IL-2), 

and interleukin-4 (IL-4) in sheep naturally infected with Sarcoptes scabiei (S. scabiei). It also determined 
the dominant cytokine response and investigated its relationship with 25(OH)D

3
. For this purpose, 20 

sheep between the ages of 1-4 years, naturally infected with S. scabiei, with crusted wounds were com-
pared with 10 healthy sheep in the same age range. Five ml of blood was collected from each animal and 
stored at -20 °C until the serum was analyzed. To detect scabies, scrapings were taken and examined 
under a microscope. Enzyme-linked immunosorbent assay (ELISA) was to determine IL-2 and IL-4 se-
rum levels, high-performance liquid chromatography (HPLC) for Vitamin E analysis, and immunoassay 
for 25(OH)D

3
 determination. Vitamin E and 25(OH)D

3
 levels were significantly lower in infected sheep 

compared to the control group (P < .05) whereas the IL-4 level of the infected animals was significantly 
higher (P < .05) compared to the control group. There was no significant difference between the groups 
for IL-2 level (P > .05). In conclusion, serum vitamin E and 25(OH)D

3
 levels were lower in crusted scabies 

in sheep infected with S. scabiei, T lymphocytes had a critical role, and the immune response was in the 
direction of Th2. 
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ÖZ

Çalışmanın amacı S. scabiei ile doğal enfekte koyunlarda vitamin E, 25-hydroxyvitamin D
3
 (25(OH)D

3
), in-

terleukin-2 (IL-2) ve interleukin-4 (IL-4) seviyelerinin tespit edilmesi ayrıca baskın sitokin yanıtının belir-
lenerek 25(OH)D

3
 ile ilişkisinin araştırılmasıdır. Bu amaçla, 1-4 yaşları arasında S. scabiei ile doğal enfekte, 

kabuklu yaralara sahip 20 ve kontrol grubu olarak aynı yaş aralığında sağlıklı 10 koyun kullanıldı. Her hay-
vandan 5 ml kan alınıp serumları analiz edilinceye kadar -20 °C’de saklandı. Uyuz akarlarının tespiti için 
kazıntı alınarak mikroskopta muayene edildi. Serumda IL-2 ve IL-4 tayini enzyme-linked immunosorbent 
assay (ELİSA), E vitamini analizleri için high-performance liquid chromatography (HPLC) ve 25 (OH)D

3
 ta-

yini için İmmunoassay kullanıldı. E vitamini ve 25(OH)D
3
 seviyelerinin enfekte koyunlarda kontrol grubuna 

göre istatistiksel olarak azaldığı (P < ,05) görüldü. Enfekte hayvanların IL-4 seviyesi kontrol grubuna göre 
istatistiksel olarak artış (P < ,05) gösterirken, IL-2 seviyesinde gruplar arasında istatistiksel fark tespit edi-
lemedi (P > ,05). Sonuç olarak, S. scabiei ile enfekte koyunlarda meydana gelen kabuklu uyuzlarda serum 
E vitamini ve 25(OH)D

3
 düzeylerinin azaldığı,  T lenfositlerin kritik rolünün olduğu ve immun yanıtın Th2 

yönünde olduğu görülmüştür. 

Anahtar Kelimeler: İnterlökin, E Vitamini, 25-hidroksivitamin D
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INTRODUCTION

Sarcoptic mange is a parasitic skin disease caused 
by the Sarcoptes scabiei (S. scabiei) mite. In sheep, 
lesions characterized by the formation of crusts 
up to 1 cm thick are mainly located in the head 
region.1 The main clinical symptom is rubbing and 
itching as well as dry skin, dandruff, and cracks. Ep-
idemics, which appear every season when sheep 
numbers are high, cause significant financial loss-
es due to low feed efficiency and birth weight, poor 
fleece quality, and deaths in advanced cases.2 

When the mite infects the host, a process begins 
between the mite and the skin, which determines 
the course of infestation and the severity of clini-
cal symptoms. When scabies mites enter the skin, 
they secrete substances that induce inflammato-
ry and immune responses, as well as substances 

that allow the mite to circumvent the host’s pro-
tective mechanisms and suppress certain aspects 
of the host. As the infestation progresses and the 
mites multiply, the host’s immune system is ac-
tivated. Located under the epidermis, the mites 
release antigenic and pharmacologically active 
substances (saliva, molting enzymes and hor-
mones, feces and nitrogen) that are dispersed into 
the fluid between the epidermal and dermal cells. 
These substances induce responses from kera-
tinocytes, fibroblasts, macrophages, mast cells, 
lymphocytes, langerhans cells, dendritic cells, and 
microvascular-type endothelial cells.3

Histopathological examination of skin biopsies 
taken from scabies lesions show inflammatory 
cell infiltrates containing eosinophils, lympho-
cytes, and macrophages around the cavities 
caused by scabies.4 The predominant lympho-
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cytes in the infiltrate are T lymphocytes, which play a central role 
in the activation and regulation of immune responses by recog-
nizing antigens and inducing cytokine production. Keratinocytes 
produce proinflammatory cytokines while immunomodulatory 
cytokines are responsible for systemic effects.5,6 Eosinophils are 
multifunctional leukocytes that play a role in the pathogenesis of 
numerous inflammatory processes, including parasitic infesta-
tions and allergic disorders.7 They secrete a number of cytokines 
(IL-2, IL-4, IL-6, IL-10, IL-12) that can promote T cell proliferation, 
activation, and Th1/Th2 polarization.8,9 

Studies have reported a link between the presence of Vitamin 
D receptors (VDR) in various immune cells, such as mono-
cytes, macrophages, and activated T and B cells, and the im-
mune system.10 Vitamin D inhibits T cell proliferation and the 
production of cytokines, such as interleukin-2 (IL-2), interleu-
kin-12 (IL-12), and Interferon Gamma (IFN-y) in vitro. Stimula-
tion of Th2 cells to produce anti-inflammatory cytokines (TGF- 
beta-1, IL-1, IL-4) produces anti-inflammatory effects both in 
vivo and in vitro.11,12

Free radicals are reactive molecules produced in different met-
abolic processes in the body. Antioxidant vitamins like Vitamin 
E prevent free radical formation.13 In addition, Vitamin E is very 
important for cellular and humoral immunity because it mod-
ulates Th1 and Th2 responses with its effects on polarization 
from CD4+ T cells to Th1 or Th2 cells, protection against intra-
cellular and extracellular pathogens, and the development of 
different types of chronic diseases (inflammatory and allergic 
diseases).14

This study aimed to measure levels of Vitamin E, 25-hydroxyvita-
min D

3
 (25(OH)D

3
), IL-2, and IL-4 in sheep naturally infected with S. 

Scabiei, determine the dominant cytokine response. The results 
can contribute to pathobiological knowledge of the disease and 
treatment and prophylaxis of sheep infected with S. scabiei.

MATERIAL AND METHODS

Animals and Study Design
Twenty sheep between the ages of 1-4 years, naturally infected 
with S. scabiei and with crusted wounds were compared to 10 
healthy sheep in the same age range. None of the animals had 
been treated with corticosteroids or vitamins. Five ml of blood 
was collected from the V. jugularis of the sheep in yellow-capped 
(BD Vacutainer® SST™II Advance) tubes. After the blood samples 
were centrifuged (Nuve, NF 800R, Turkey) at 3000rpm/10min se-
rum samples were stored at -20 °C until analysis. Before start-
ing the study, ethical approval was obtained from Dokuz Eylül 
University Animal Experiments Local Ethics Committee, dated 
14.07.2021, decision number 42/2021.

Skin Scraping Examination
To detect scabies mites, skin scraping samples were taken from 
at least two different areas and a 1 cm2 area adjacent to healthy 
tissue.15 The scraping samples were taken in 10% KOH and kept 
at 37°C for 1 day. After centrifugation (Thermo Fisher Scientific, 
Germany) at 3000 rpm / 3 min, the precipitate was examined 
under a microscope (Olympus, SZX7, Japan) at x4 and x10 mag-
nification.16

Evaluation of Immune and Vitamin Profile
Sheep IL-2 ELISA kit (E0029Sh, Bioassay Technology Laboratory, 
China) and sheep IL-4 ELISA kit (E0079Sh, Bioassay Technology 
Laboratory, China) were used to measure IL-2 and IL-4 serum lev-

els. Enzyme-linked immunosorbent assay (ELISA) analyses were 
performed in accordance with the kit supplier’s instructions. 
For the detection of 25(OH)D

3
, a serum sample chromatography 

(HPLC) instrument was used (Shimadzu OGU-20A, Japan) while a 
high performance liquid was used for Vitamin E analysis from the 
Immunoassay instrument (Siemens AdviaCentaur XP, Germany).

Statistical Analysis
Statistical analyzes were performed using IBM Statistical Package 
for the Social Sciences (IBM SPSS Armonk, NY, USA) version 22. 
Both visual (histograms, probability plots) and analytical methods 
(Kolmogorov-Smirnov) were used to determine whether the vari-
ables were normally distributed. Student’s t-test was used for the 
normally distributed vitamin and cytokine parameters. A p value 
less than .05 was considered a statistically significant result.17

RESULTS

Under microscopic examination of the scraping samples, the ac-
tive ingredient Sarcoptes scabiei var. ovis was detected (Figure 1). 
Hypersensitivity, alopecia, pruritis, crust formation, and deep skin 
cracks were observed macroscopically, especially in the face and 
ears of the all infected sheep. Vitamin E levels were significantly 
lower (P < .05) in the infected sheep (0.51 ± 0.15 mg/L) compared to 
the control group (1.45 ± 0.30 mg/L) (Figure 2). Similarly, 25(OH)D

3
 

levels were significantly lower (P < .05) in the infected sheep (26.16 
± 1.04 ng/mL) compared to the control group (66.29 ± 4.45 ng/mL) 
(Figure 3). Conversely, IL-4 interleukin levels were significantly high-
er (P < .05) in the infected animals (35.26 ± 5.08 ng/L) compared 
to the control group (22.76 ± 2.86 ng/L). For IL-2, however, there 
was no significant difference (P > .05) in levels in the infected sheep 
(14.41 ± 2.28 ng/L) and control group (12.50 ± 2.31 ng/L) (Figure 4).
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Figure 1. Microscope image of S. scabiei (magnification 4× and 10×)

Figure 2. Serum vitamin E level in sheep infected with S. scabiei. Bars 
represent mean ± SE, *** < .05.



DISCUSSION

Parasitic skin disease caused by the S. scabiei mite causes severe 
epidemics that result in economic losses due to low milk produc-
tion and wool quality, growth retardation in newborn lambs, and 
death in advanced cases.2 In addition, animal welfare is reduced by 
severe itching and rubbing symptoms.

Cytokine secretion from T lymphocytes plays an important role in 
the immune response to parasitic skin infestations. Evaluation of 
cytokine profiles in sheep naturally infected with S. scabiei is im-
portant for understanding the pathobiology of scabies. Therefore, 
this study investigated cytokine profiles and Vitamin E and 25(OH)
D

3
 levels, which are closely related to immune system function, in 

sarcoptic sheep.

In line with previous studies, Vitamin E levels were significantly 
lower in sheep with S. scrabiei compared to the control group. 
Bickhardt et al.18 examined Vitamin E levels in 125 sheep and 32 
goats between 1991 and 1998 with general motor disorders or 
high plasma creatine kinase. They reported deficient Vitamin E 
levels below 1.0 mg/l. Based on this data, sheep with S. scrabiei 
may suffer severe Vitamin E deficiency. Similarly, Dimri et al.13 re-
ported severe Vitamin E deficiency and high mortality in a herd 

of cows infested with sarcoptic mange. Regarding immunity, di-
etary Vitamin E supplements increase cell-mediated and humoral 
immune responses in various animal species, and increased lym-
phocyte proliferation, immunoglobulin levels, antibody respons-
es, natural killer (NK) cell activity, and IL-2 production.19 Li-Weber 
et al.20 treated allergic donors with Vitamin E and reported a de-
crease in IL-4 production. Malmberg et al.21 reported that the fre-
quency of CD4+ T cells producing IL-2 and the production of IFN-y 
increased in colorectal cancer patients after two weeks of 750 mg 
Vitamin E supplementation. Han et al.22 reported increased Th1 
response and decreased viral titer in old mice lungs following 500 
ppm Vitamin E supplementation eight weeks before infection 
with influenza virus.

In our study, 25(OH)D
3
 levels were significantly lower in sheep 

naturally infected with S. scrabiei compared to the control group. 
Similarly, Ural et al.23 reported significantly lower 25(OH)D

3
 levels 

compared to the control group of 28 sheep infected with S. sca-
biei Başbuğ et al.24 found 25(OH)D

3
 levels were lower in 14 sheep 

with caseous lymphadenitis compared to the control group.

The functional integration of the immune system is mainly ac-
complished by cell-to-cell communication based on small mol-
ecule cytokines.25 Th1 lymphocytes are characterized by the pro-
duction of IFN-γ and IL-2 cytokines while Th2 lymphocytes are 
characterized by the production of IL-4 and IL-5 related to the 
humoral immune response.26 Th1 and Th2 cells are seen in almost 
all known immune response patterns. Th1 cells are hypothesized 
to lead the attack against intracellular pathogens, such as viruses, 
increase the classical delayed-type hypersensitivity skin response 
to viral and bacterial antigens, and fight cancer cells. Th2 cells are 
believed to provide protection against extracellular pathogens, 
such as multicellular parasites.25

Scabies infestation impairs the Th1/Th2 immune response.27 In 
our study, IL-4 levels were significantly lower in sheep with crust-
ed wounds infected with S. scabiei compared to the control group. 
The dominant cytokine response in this disease is in the direction 
of Th2 while various studies have reported overproduction of Th2 
specific cytokines and increased allergic immune response to sar-
coptes.5,26,28-30 Sarre et al.31 performed transcriptional analysis of 
skin biopsies from cattle with psoroptic crustacean scabies, and 
found similarly increased expression of IL-4, IL-5, and IL-13. Singh 
et al.26 reported that IL-4 and IL-5 production increases in dogs 
naturally infected with S. scabiei var. Canis, which plays a role in 
the immunopathogenesis of dogs. Bayraktar et al.32 found a 65.7% 
increase in IL-4 and a 46.8% increase in IL-2 levels in people infect-
ed with cystic echinococcosis. 

In contrast to our findings, Al-Musawi et al.9 investigated the im-
mune response in 60 cases of scabies, of which 30 were early and 
30 late. They reported that the host immune response was similar 
to the Th2 allergic response in patients with early scabies, while it 
was in the form of a Th1 cell-mediated immune response in late 
scabies patients. The increase in IL-4 levels in sheep infected with 
S. scabiei helps recruit B cells, mast cells, and eosinophils that can 
produce IgE antibodies, which play an important role in inducing 
allergic symptomatology.33 In particular, eosinophils are produced 
in large amounts in inflammatory areas under allergic conditions 
and helminth infestations.34 Eosinophils also express Th2-specific 
cytokines.35 Van den Broek et al.36 determined that the dominant 
immune inflammatory infiltrate in sheep infected with Psoroptes 
ovis was eosinophil. This explains the Th2-directed immune re-
sponse in sheep infected with S. scabiei.

13
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Figure 3. Serum 25 (OH)D3 level in sheep infected with S. scrabiei. 
Bars represent mean ± SE, *** < .05.

Figure 4. Serum interleukin levels in sheep infected with S. scabiei. 
Bars represent mean ± SE, *** < .05.



The active form of Vitamin D, 1,25-dihydroxyvitamin D
3
 

(1,25(OH)
2
D

3
), is an endocrine regulator of calcium homeostasis. 

Recent studies have shown that local production of 1,25(OH)
2
D

3
 

by immune cells has autocrine and paracrine immunomodulatory 
effects. T cells cause an increase in IL-4 and IL-5 but a decrease 
in IL-2 and IFNy, which reduces the Th1/Th2 response.37 Based on 
the ability of 1,25(OH)

2
D

3
 to suppress the development of vari-

ous autoimmune diseases and prolong allograft survival, it was 
named 1,25(OH)

2
D

3
 immunosuppressive hormone.38  Smolders et 

al.39 investigated the effect of high Vitamin D levels in multiple 
sclerosis (MS) patients and found that the dominant response in 
Th1/Th2 balance was Th2 while Vitamin D could provide import-
ant support for MS patients. However, Vitamin D has no effect on 
the susceptibility of mice to Herpes simplex virus or Candida albi-
cans infections.40 Meckel et al.41 reported a relationship between 
inflammation and low serum 25(OH)D

3
. 

Little is known about the role of Vitamin D in regulating immune 
responses to infectious diseases. Other than the ability of this 
nutrient or hormone to suppress autoimmune diseases and pro-
long transplantation, most of what is known is open to further 
research.38 Jiao et al.42 found a decrease in IFN-γ and Th1/Th2 lev-
els and an increase in IL-4 levels in rats with Vitamin D deficiency 
whereas the opposite was true for rats that received Vitamin D 
supplementation during pregnancy.41

In conclusion, regarding sheep with crusted scabies infected with 
S. Scabiei, this study showed that serum Vitamin E and 25(OH)D

3
 

levels decreased, T lymphocytes played a critical role, and a Th2 
immune response occurred. 
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