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ABSTRACT

Background: Mange, primarily caused by the parasitic mite Sarcoptes scabiei, poses a
serious health threat to many mammalian species, including domesticated and wild animals.

Objectives: This study investigates the major effects of S. scabiei, the causative agent of
scabies, focusing on the sheep population in Diyala Province, Iraq. The disease results in
severe clinical symptoms, such as intense itching, hair loss, and secondary infections, and
may negatively impact the productivity and wool quality of affected sheep. Despite its
importance, the histopathological alterations induced by S. scabiei in sheep have remained
poorly documented.

Methods: To explore these alterations, skin samples were collected from sheep diagnosed
with scabies in Diyala Province. The tissue samples were stained using hematoxylin and
eosin (H&E) and examined under a light microscope to identify and document pathological
changes caused by the mite.

Results: Histopathological analysis revealed significant abnormalities, including
hyperkeratosis, acanthosis, neutrophilic infiltration, and hemorrhage. S. scabiei in the stratum
corneum, accompanied by follicular hyperkeratosis and acute cellular swelling, highlights the

L. intense inflammation and tissue damage resulting from the infestation.
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Introduction

ange, predominantly caused by the

parasitic mite Sarcoptes scabiei, poses

a serious health threat to many mam-

malian species, including domesticated

and wild animals (Moroni et al., 2022).
In regions like Diyala, Iraq, the impact of this parasite
on livestock, particularly sheep, extends beyond basic
health concerns, affecting both economic stability and
animal welfare. This pruritic condition is severe, and
animals become less productive, experience weight loss,
and have poor wool quality. Secondary infections often
follow skin eruptions after general deterioration of phys-
ical condition (Gebeyehu & Derso, 2015). Furthermore,
it is important to note that this condition can lead to sig-
nificant economic consequences, primarily reduced pro-
duction levels and increased animal mortality rate (Def-
eres & Geresu, 2016; Akbari et al., 2024).

This study was conducted in Diyala Province, where,
despite the critical importance of the sheep sector in
agricultural economics, sarcoptic mange infestations
have caused substantial damage. However, the histo-
pathological implications of mange infestations have
remained poorly understood. This research aims to care-
fully document the histopathological changes induced
in mange-infested sheep, providing a detailed analy-
sis of disease progression and impact (Murshed et al.,
2022). Subcutaneous mites burrow channels beneath
the skin, releasing powerful digestive enzymes in their
saliva that dissolve skin cells and nourish them. It is im-
portant to note that these mites do not feed on blood.
Mature females lay their eggs in these subdermal tun-
nels, where they incubate for 3—5 days before hatching.
Full development, including several larval and nymphal
stages, is typically completed in less than 14 days (Linn
et al., 2024; Rahimi et al., 2024).

In affected farm animals, pruritic nodules cause in-
tense itching, leading to wool loss, crust formation, and
skin wrinkling. The effects are most pronounced on the
thighs, hocks, and axillas (Reddy & Sivajothi, 2016). S.
scabiei infestation causes severe itching, exudative in-
flammation, scaly crusts with parakeratosis, hair loss,
and skin darkening and thickening (Zewdie et al., 2018;
Abdolmohammadi et al., 2024). Beneath the crust and
within the skin, fissures may lead to bleeding. Additional
signs of scabies include anemia, emaciation, weakness,
and subcutaneous fluid accumulation (Saleh et al., 2011).

IRANIAN JOURNAL OF VETERINARY MEDICINE

This study is important for developing and implement-
ing effective management and control strategies for sar-
coptic mange. It aims to enhance our understanding of
the tissue-level effects of S. scabiei on the host, which
will contribute to improved diagnostic methods, treat-
ment protocols, and prevention strategies. Ultimately,
this will promote better animal health and support the
economic sustainability of sheep farming in affected re-
gions. Furthermore, this research will contribute to vet-
erinary pathology and agricultural sustainability by high-
lighting the importance of combating animal diseases to
ensure livestock health and productivity.

Objectives

The study focuses on the major effects of S. scabiei, the
mite responsible for causing scabies, particularly in Di-
yala, Iraq. The disease results in severe symptoms such
as intense itching, hair loss, and secondary infections,
and it can negatively impact sheep’s productivity and
wool quality. Despite its significance, the histopatho-
logical alterations caused by S. scabiei in sheep remain
inadequately documented.

Materials and Methods
Parasitological examination

The lesion was deeply scraped using a sterile scalpel
to collect skin scales. The scrape samples were obtained
from the periphery or outer edge of the lesion, then
placed into a sterile Petri dish and transported to the lab-
oratory using aseptic techniques (Sargison et al., 2007).

The collected skin cell samples were carefully placed
onto a microscopic slide and mixed with 10%-30% po-
tassium hydroxide (KOH) solution to dissolve any re-
maining tissue. The slide was gently warmed and left to
rest briefly. Subsequently, a cover slip was applied and
gently pressed down, and the slide was examined under
low and high magnification using reduced lighting con-
ditions (AL-Khardi & Khudhair, 2013).

Histopathological examination

Biopsy samples were taken from the edges of the af-
fected regions. Tissue specimens approximately 1 cm in
size were preserved for 72 hours and fixed directly in
a 10% buffered formalin solution. Following fixation,
the tissues were washed in tap water and processed rou-
tinely. They were then immersed in a series of increas-
ing alcohol concentrations ranging from 70% to 100%
for 2 hours.
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The process involved a two-stage infiltration using
liquid paraffin wax at 58 °C to embed the specimens.
Blocks were formed using paraffin wax, and the em-
bedded tissues were sectioned using a rotary micro-
tome at a thickness of 5 pm. This step was performed
after the tissues had been dehydrated. To identify histo-
pathological alterations, the sections were mounted on
slides and stained with hematoxylin and eosin (H&E)
(Wolfe, 2018).

A total of 25 samples were collected from sheep—
some exhibiting signs of wool loss and itching and oth-
ers without symptoms. The sheep varied in age and in-
cluded both sexes, as illustrated in the Figure 1.

Results

According to the histological examination, many sec-
tions revealed alterations in the skin layers during sca-
bies infection. Histopathological examinations of the
skin sections showed severe abnormalities, including
hyperkeratosis (Figure 2A). Furthermore, in another
section, acanthosis, hyperkeratosis, accumulation of
neutrophils, and separated branching were observed in
the stratum corneum (Figure 2B). S. scabiei and hyper-
keratosis are depicted in Figure 2C, which illustrates a
segment of the skin. Hemorrhage, an eosinophilic layer
of keratin, macrophages, congested blood vessels, and
hyperacanthosis were also observed in Figures 2D, 2E,
and 2F. Inflammatory cells in the sublayer, along with
S. scabiei, collagen fibers, and additional inflammatory
cells, are shown in Figures 2G and 2H.
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Demographic characteristics and symptom dis-
tribution

The demographic analysis and symptom distribution among
the participants are illustrated in Figure 3. The age histogram
reveals that most samples were 8§ to 10 years old. Regard-
ing gender, the distribution was fairly balanced between
males and females, indicating no significant gender disparity
among the sampled population. Additionally, several sheep
experienced hair loss, while fewer did not present this symp-
tom. A similar trend was observed for itching, with a notable
portion of the animals showing its presence, whereas others
did not show any itching. These findings provide a general
overview of the population structure and the prevalence of
key clinical signs associated with sarcoptic mange.

Age-based distribution of health parameters

The heatmaps provide detailed insights into how vari-
ous health indicators related to sarcoptic mange in sheep
are distributed across different age groups and genders.
The age versus gender heatmap shows a relatively bal-
anced distribution between male and female partici-
pants. Most females were concentrated around ages 9 to
10, while most males were between 8 and 10 years old.

Regarding hair loss, the corresponding heatmap high-
lights that this symptom was more commonly reported
in specific age groups, particularly between 9 and 10
years old. Out of the total cases, 17 animals experienced
hair loss, whereas only 7 showed no such symptom.

Similarly, the age-related heatmap for itching reveals
that the condition was more frequently reported among
sheep between 9 and 11 years. These visual analyses offer
a clearer understanding of the demographic patterns as-
sociated with sarcoptic mange, emphasizing the age and
gender tendencies in symptom manifestation (Figure 1).

Figure 1. The relationships between age and various health parameters in sheep infected with S. scabiei
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Figure 2. Histopathological features of skin lesions in sheep infected with S. scabiei
A) Histopathological section of skin showing hyperkeratosis H&E, magnification x20)

B) Histopathological section of skin showing (A) acanthosis, (B) hyperkeratosis, (C) collection of neutrophils and separated branching
in strum corneum (H&E, magnification x20)

C) The histopathological section in the skin showing (A) a section of S. scabiei and (B) Hyperkeratosis (H&E, magnification x20)

D) The histopathological part of the skin showing hemorrhage (H&E, magnification x20)

E) The histo-pathological part of the skin shows an eosinophilic layer of keratin by aline (H&E x20)

F) Histopathological section of skin showing (A) macrophage (B) congestive (C) hyperacanthosis (H&E x20)

G) Histopathological section in skin showing (A) inflammation cells in the sulayer (B) section of S. scabiei (H&E, magnification x20)

H) Histopathological section in skin showing: (A) collagen fiber (B) Inflammatory Cell (H&E, magnification x20)
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Figure 3. Statistical analysis of health survey data related to sarcoptic mange in sheep sarcoptic mange illustrates the distribu-
tion of age, gender, hair loss, and itching among the studied population

Discussion

Histopathological evaluation is a fundamental diag-
nostic procedure for analyzing tissue samples and iden-
tifying various localized infectious agents (Espinosa
et al., 2017). Our research identified a correlation be-
tween mange infection in sheep and specific histological
changes. These changes were categorized into three dis-
tinct levels of severity: Mild, moderate, and severe. The
observed histopathological features included cutaneous
hyperkeratosis (specifically orthokeratosis and parakera-
tosis), epidermal hyperplasia, skin perforations, crust de-
velopment, and inflammation.

Histological examination revealed hyperkeratosis
with crust formation and thickening of the outer skin,
acanthosis, vesiculation, and mites in the stratum cor-
neum—the outermost layer of the skin. The pathological
features included the proliferation of connective tissue in
the dermis, fluid accumulation (edema) in the papillary
layer, and pronounced degeneration and necrosis in the
hair follicles. These findings are consistent with the clas-
sic description of sarcoptic mange in dogs (Kido et al.,
2014; Teodoro et al., 2018) and sheep (Abo-Elhassan &
Eman, 2020).

Additionally, the manifestation of pruritic ectoparasit-
ism was characterized by hyperplasia and eosinophilic
infiltration. The findings of this study align with earlier
reports that associated epidermal thickening and kerato-
sis with inflammatory cell infiltration (Salavastru et al.,
2017).

The female mite stimulates the infiltration of mono-
nuclear immune cells at the site of infection. These para-
sites burrow tunnels to lay eggs, causing tissue damage.
The female secretes enzymes that facilitate penetration
into the skin. Antigenic substances released at the site of
infection recruit inflammatory cells, leading to height-
ened immune activity and inflammation in the affected
areas (Welch et al., 2021). This finding is consistent with
the findings of (Bhat et al., 2017), who observed the
infiltration of various immune cells, including lympho-
cytes, eosinophils, and histiocytes, in the infected region.

It is crucial to emphasize that the histopathological
changes observed in this study are primarily attributed
to the burrowing behavior of scabies mites and the host’s
immune response (Arlian & Morgan, 2017). Sarcoptic
mites, commonly known as burrowing mites, invade the
host’s skin, laying eggs and continuing their life cycle
(Niedringhaus et al., 2019). Throughout this cycle, many
antigenic materials accumulate in the skin, such as dead
mites, shed skin from larvae and adults, and eggshells.
This reaction triggers hypersensitivity reactions against
the mites (Morgan et al., 2017).

Furthermore, the act of skin excavation by adult female
mites stimulates epidermal thickening and crust formation
(Teodoro et al., 2018). Many mast cells in the affected
dermis align with sarcoptic mange’s immunopathology,
primarily driven by an exaggerated immune response
(Doukas et al., 2021). These pathological features are
consistent with those seen in domestic and wild animals
infected with sarcoptic mange (Nimmervoll et al., 2013).
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In this study, histological changes included thickened
skin, pigmented vesicular areas, and the presence of
mites in the stratum corneum. Excessive keratinocyte
proliferation was also evident. Dermatological changes
involved significant degeneration and necrosis of hair
follicles, papillary dermis edema, and connective tissue
intradermal proliferation. These findings matched clas-
sical descriptions of sarcoptic mange in dogs (Mauldin
& Peters-Kennedy, 2016) and are consistent with our
current observations.

It is worth noting that the histopathological findings in
this study corresponded precisely with microscopic le-
sions. Upon examination of the skin in unaffected sheep,
no visible damage was observed in the epidermal or
corneal layers. There was also a marked absence of hy-
perkeratosis, acanthosis, or rete ridge formation. Differ-
ences in sheep breeds and environmental temperatures
in the study area may explain discrepancies in infection
rates between this and previous investigations.

Conclusion

This study revealed clear histopathological changes in
skin samples collected from sheep infected with sarcop-
tic mange. The histopathological findings included hy-
perkeratosis, epidermal hyperplasia, and the presence of
S. scabiei mites in the stratum corneum, all characteristic
signs of mange infection. These changes are associated
with the immune response triggered by the burrowing
behavior of the mites and resulting tissue damage. The
findings also highlight the significant negative impact of
the disease on sheep health and productivity, emphasiz-
ing the importance of early diagnosis and effective man-
agement strategies for controlling the infection.

Ethical Considerations
Compliance with ethical guidelines

This study was conducted at the Veterinary Hospital
in Diyala Governorate. Although no formal ethical
code was issued, all procedures involving animals were
performed within the hospital’s laboratory setting and
adhered to standard veterinary practices following local
institutional norms.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

IRANIAN JOURNAL OF VETERINARY MEDICINE

Authors' contributions

Conceptualization, study design and final approval:
All authors; Statistical analysis, data interpretation and
writing the original draft: Ahmed Talib Jassam;

Conflict of interest
The authors declared no conflict of interest.
Acknowledgments

The authors would like to express their gratitude to the
staff of the Veterinary Hospital and the teaching staff
of the Faculty of Veterinary Medicine at the University
of Diyala for their valuable support and assistance,
particularly in providing input on the interpretation of
the manuscript and tissue sample analysis.

References

Abdolmohammadi Khiav, L., Khangahi Abyaneh, H., Fallah
Mehrabadi, M. H., Mosavari, N., & Tadayon, K. (2024). Meta-
analysis of Johne's disease in the Iranian animal population
(1999-2020). Archives of Razi Institute, 79(1), 168-179. [PMID]

Abo-Elhassan, E. (2020). Molecular and Pathological Studies
on Sarcoptes scabiei in Sheep in Ismailia Province, Egypt.
Egyptian Veterinary Medical Society of Parasitology Journal
(EVMSP]), 16(1), 50-62. [DOI:10.21608 / evmspj.2020.107226]

Akbari, H., Basaki, M., Imani Baran, A., & Akbarzadeh, Z.
(2024). Molecular Study of Anaplasma spp. in Horses,
Sheep, and Goats with Phylogenetic Analysis in Northwest
Iran. Archives of Razi Institute, 79(2), 327-334. [DOI:10.32592/
ARI.2024.79.2.327] [PMID]

Abbas AL-Kardi, I. K. (2013). Diagnostic study of the mange
mite’s infestation in sheep in Al-Najaf Al-Ashraf province.
Kufa Journal for Veterinary Medical Sciences, 4(1), 134-141.
[DOI:10.36326/ kjvs/ 2013/ v4i13935]

Arlian, L. G, & Morgan, M. S. (2017). A review of Sarcoptes
scabiei: Past, present, and future. Parasites & Vectors, 10(1),
297.[DOI:10.1186/513071-017-2234-1] [PMID]

Bhat, S. A, Mounsey, K. E,, Liu, X., & Walton, S. F. (2017). Host
immune responses to the itch mite, Sarcoptes scabiei, in
humans. Parasites & Vectors, 10(1), 385. [DOI:10.1186/s13071-
017-2320-4] [PMID]

Deferes, D., & Geresu, M. A. (2016). Sheep mange mites and lice:
Prevalence and risk factors in Asella and its surroundings,
South Eastern Ethiopia. Journal of Veterinary Science &
Technology, 7(5), 1-6. [Link]

Doukas, D., Liakou, Z., & Tontis, D. (2021). Sarcoptes scabiei
dermatitis in adult sheep: An immunohistochemical study of
34 chronic cases with extensive lesions. Journal of the Hellenic
Veteri-nary Medical Society, 72(1), 2755-2764. [DOI:10.12681/
jhvms.26761]

728 Awad & Kamel. (2025). Histopathological Investigation of Sarcoptes scabiei Infestation in Sheep. fran J Vet Med, 19(4):723-730.



https://ijvm.ut.ac.ir/
https://uodiyala.edu.iq/en/home-2/
https://uodiyala.edu.iq/en/home-2/
https://pubmed.ncbi.nlm.nih.gov/39192961/
https://doi.org/10.21608/evmspj.2020.107226
https://doi.org/10.32592/ARI.2024.79.2.327
https://doi.org/10.32592/ARI.2024.79.2.327
https://www.ncbi.nlm.nih.gov/pubmed/39463709
https://doi.org/10.36326/kjvs/2013/v4i13935
https://doi.org/10.1186/s13071-017-2234-1
https://www.ncbi.nlm.nih.gov/pubmed/28633664
https://doi.org/10.1186/s13071-017-2320-4
https://www.ncbi.nlm.nih.gov/pubmed/28797273
https://www.researchgate.net/publication/307989248_Sheep_Mange_Mites_and_Lice_Prevalence_and_Risk_Factors_in_Asella_and_its_Surroundings_South_Eastern_Ethiopia
https://doi.org/10.12681/jhvms.26761
https://doi.org/10.12681/jhvms.26761

IRANIAN JOURNAL OF VETERINARY MEDICINE

Espinosa, J., Rdez-Bravo, A., Lépez-Olvera, J. R,, Pérez, ]. M.,
Lavin, S., Tvarijonaviciute, A., & Cano-Manuel, F. J., et al.
(2017). Histopathology, microbiology and the inflammatory
process associated with Sarcoptes scabiei infection in the
Iberian ibex, Capra pyrenaica. Parasites & Vectors, 10(1), 596.
[PMID]

Jarso, D., Birhanu, S, & Wubishet, Z. (2018). Review on
epidemiology of camel mange mites. Biomedical Journal
of Scientific & Technological Research (BJSTR), 8, 6313-6316.
[DOI:10.26717/ BJSTR.2018.08.001605]

Kido, N., Omiya, T., Kamegaya, C., Wada, Y., Takahashi, M., &
Yamamoto, Y. (2014). Effective treatment for improving the
survival rate of raccoon dogs infected with Sarcoptes scabiei.
The Journal of Veterinary Medical Science, 76(8), 1169-1172.
[DOI:10.1292/jvms.14-0045] [PMID]

Linn, C.,, OMalley, A., Khatri, K., Wright, E. M., Sebagh, D.,
& Grbi¢, M., et al. (2024). Microscopic Menaces: The impact
of mites on human health. International Journal of Molecular
Sciences, 25(7), 3675. [DOI:10.3390/ ijms25073675] [PMID]

Mauldin, E. A, & Peters-Kennedy, J. (2016). Integumentary
system. Jubb, Kennedy & Palm-er’s Pathology of Domestic
Animals, Volume 1, 509-736.e1. [DOI:10.1016/B978-0-7020-
5317-7.00006-0]

Morgan, M. S, Rider, S. D, Jr, & Arlian, L. G. (2017).
Identification of antigenic Sarcoptes scabiei proteins for use
in a diagnostic test and of non-antigenic proteins that may be
immunomodulatory. PLoS Neglected Tropical Diseases, 11(6),
€0005669. [DOI:10.1371/journal.pntd.0005669] [PMID]

Moroni, B. (2022). Sarcoptes scabiei in European wildlife:
Solving the epidemiological enigma and exploring control
options [PhD dissertation]. Turin: University of Turin. [Link]

Murshed, M., Al-Quraishy, S., & Mares, M. M. (2022). Survey
of mange mite infesting sheep in Riyadh region, Saudi
Arabia. Saudi Journal of Biological Sciences, 29(1), 595-600.
[DOI:10.1016/j.sjbs.2021.09.019] [PMID]

Niedringhaus, K. D., Brown, J. D., Ternent, M., Childress, W.,
Gettings, ]. R., & Yabsley, M. ]. (2019). The emergence and
expansion of sarcoptic mange in American black bears (Ursus
americanus) in the United States. Veterinary Parasitology,
Regional Studies and Reports, 17, 100303. [DOI:10.1016/j.
vprsr.2019.100303] [PMID]

Nimmervoll, H., Hoby, S., Robert, N., Lommano, E., Welle, M.,
& Ryser-Degiorgis, M. P. (2013). Pathology of sarcoptic mange
in red foxes (Vulpes vulpes): Macroscopic and histologic
characterization of three disease stages. Journal of Wildlife
Diseases, 49(1), 91-102. [DOI:10.7589/2010-11-316] [PMID]

Rahimi, E., Mousavinafchi, S. B., & Shakerian, A. (2024). Isolation,
characterization, and antimicrobial resistance profiles of
Campylobacter jejuni and Campylobacter coli from raw meat
of large livestock in Shahrekord, Iran. Archives of Razi Institute,
79(1), 41-54. [DOI:10.32592 / AR1.2024.79.1.41] [PMID]

Reddy, B. S., & Sivajothi, S. (2016). Clinical management of
demodicosis in Ongole cattle. Journal of Parasitic Diseases,
40(4), 1311-1312. [DOI:10.1007/512639-015-0677-x] [PMID]

Salavastru, C. M., Chosidow, O., Boffa, M. J., Janier, M., &
Tiplica, G. S. (2017). European guideline for the management
of scabies. Journal of the European Academy of Dermatology
and Venere-ology, 31(8), 1248-1253. [DOI:10.1111/jdv.14351]
[PMID]

October 2025. Volume 19. Number 4

Saleh, M. A, Mahran, O. M., & Bassam Al-Salahy, M.
(2011). Circulating oxidative stress status in dromedary
camels infested with sarcoptic mange. Veterinary Research
Communications, 35(1), 35-45. [DOI:10.1007/s11259-010-
9450-x] [PMID]

Sargison, N., Roger, P., Stubbings, L., Baber, P., & Morris, P.
(2007). Controlling sheep scab by eradication. The Veterinary
record, 160(14), 491-492. [PMID]

Teshome, D., & Derso, S. (2015). Prevalence of major skin
diseases in ruminants and its asso-ciated risk factors
at University of Gondar Veterinary Clinic, North West
Ethiopia. Journal of Veterinary Science & Technology, S, S13-002.
[DOI:10.4172/2157-7579.1000513-002]

Teodoro, G. W., Pamela, A. L., Patricia, C. S., Ivam, M. ]J.,
Mary, S. V., & Flademir, W., et al. (2018). Sarcoptic mange
(Sarcoptes scabiei) in wild canids (Cerdocyon thous). Pesquisa
Veterindria Brasileira, 38(7), 1444-1448. [DOI:10.1590/1678-
5150-PVB-5700]

Welch, E., Romani, L., & Whitfeld, M. J. (2021). Recent advances
in understanding and treating scabies. Faculty Reviews, 10, 28.
[DOI:10.12703/r/10-28] [PMID]

Wolfe, D. (2018). Tissue processing. In S. K. Suvarna, C.
Layton,&]. D. Bancroft (Eds.). Bancroft’s Theory and Practice of
Histological Tech-niques (pp. 73-83). Amsterdam: ScienceDirect.
[DOI:10.1016/ C2015-0-00143-5]

Awad & Kamel. (2025). Histopathological Investigation of Sarcoptes scabiei Infestation in Sheep. fran J Vet Med, 19(4):723-730.

—
729



https://ijvm.ut.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/29202802/
https://doi.org/10.26717/BJSTR.2018.08.001605
https://doi.org/10.1292/jvms.14-0045
https://www.ncbi.nlm.nih.gov/pubmed/24813465
https://doi.org/10.3390/ijms25073675
https://www.ncbi.nlm.nih.gov/pubmed/38612486
https://doi.org/10.1016/B978-0-7020-5317-7.00006-0
https://doi.org/10.1371/journal.pntd.0005669
https://www.ncbi.nlm.nih.gov/pubmed/28604804
https://iris.unito.it/bitstream/2318/2017579/2/PhD%20thesis_Moroni%20Barbara_revised%20final.pdf
https://doi.org/10.1016/j.sjbs.2021.09.019
https://www.ncbi.nlm.nih.gov/pubmed/35002455
https://doi.org/10.1016/j.vprsr.2019.100303
https://doi.org/10.1016/j.vprsr.2019.100303
https://www.ncbi.nlm.nih.gov/pubmed/31303232
https://doi.org/10.7589/2010-11-316
https://www.ncbi.nlm.nih.gov/pubmed/23307375
https://doi.org/10.32592/ari.2024.79.1.41
https://www.ncbi.nlm.nih.gov/pubmed/39192957
https://doi.org/10.1007/s12639-015-0677-x
https://www.ncbi.nlm.nih.gov/pubmed/27876937
https://doi.org/10.1111/jdv.14351
https://www.ncbi.nlm.nih.gov/pubmed/28639722
https://doi.org/10.1007/s11259-010-9450-x
https://www.ncbi.nlm.nih.gov/pubmed/21082344
https://pubmed.ncbi.nlm.nih.gov/17416728/
https://doi.org/10.4172/2157-7579.1000S13-002
https://doi.org/10.1590/1678-5150-PVB-5700
https://doi.org/10.1590/1678-5150-PVB-5700
https://doi.org/10.12703/r/10-28
https://www.ncbi.nlm.nih.gov/pubmed/33817697
https://doi.org/10.1016/C2015-0-00143-5

This Page Intentionally Left Blank



