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ABSTRACT.- Lima T.S., Fonseca S.M.C,, Silva Filho G.B,, Silva J.P.G., Tenério M.S.M., Melo E.T,,
Lucena R.B. & Mendonga ES. 2023. Dorsal thermal necrosis in a Brazilian sheep flock.
Pesquisa Veterindria Brasileira 43:e07321, 2023. Laboratério de Diagndstico Animal, Universidade
Federal Rural de Pernambuco, Rua Dom Manoel de Medeiros s/n, Dois Irmaos, Recife, PE
52171-900, Brazil. E-mail: fabio.mendonca@ufrpe.br

Thermal burn injuries are very uncommon occurrences in small ruminants worldwide,
and in Brazil, there are no descriptions of this condition. Herein we describe an outbreak of
dorsal thermal necrosis in a flock of sheep in the municipality of Boca da Mata, in the Forest
Zone of the State of Alagoas, Northeastern Brazil. Twelve ewes were separated from the flock
for a general clinical examination and evaluation the serum levels of urea, creatinine, gamma-
glutamyltransferase, and aspartate aminotransferase. In addition, biopsies of the skin and
liver were performed on two severely affected sheep. The flock was raised in semi-intensively
management in a pasture area without shading and receiving approximately eight hours of
insolation daily and developed severe dermatitis that evolved to severe necrosis of the dorsal
skin. Grossly, these lesions were only observed in the dorsal skin of black sheep, while sheep
with white dorsal areas of skin were not affected. Microscopically, the epidermis and deep
dermis of affected sheep showed diffuse coagulative necrosis, pigmentary incontinence,
and parakeratotic hyperkeratosis. Dorsal thermal necrosis occurs only in the dorsal skin
of black sheep in situations of excessive exposure to sunlight due to the accumulation of
ultraviolet radiation. The distribution of the lesions, restricted to the dorsal area of the skin,
is an important clinicopathological aspect in these cases that can help differentiate lesions
caused by photosensitization, as they usually involve other anatomical sites. To the authors’
knowledge, this is the first report of dorsal thermal necrosis in sheep in Brazil.

INDEX TERMS: Thermal necrosis, sheep, solar radiation, small ruminants, skin, dry gangrene, Brazilian
northeastern.

RESUMO.- [Necrose térmica dorsal em rebanho ovino
brasileiro.] Lesdes por queimaduras térmicas sdo ocorréncias
muito incomuns em pequenos ruminantes no mundo e no Brasil
ndo ha registros da ocorréncia desta condigao. Descreve-se
um surto de necrose térmica dorsal em um rebanho de ovinos
no municipio de Boca da Mata, Zona da Mata do Estado de
Alagoas, Nordeste do Brasil. Doze ovelhas foram separadas do
rebanho para realizagdo de exame clinico geral e avaliacdo dos
niveis séricos de uréia, creatinina,gama-glutamiltransferase
e aspartato aminotransferase. Adicionalmente, bidpsias de
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pele e figado foram realizadas em duas ovelhas severamente
afetadas. O rebanho era criado sob manejo semi-intensivo
em uma area de pastagem sem sombreamento e recebiam
aproximadamente oito horas de insolacao diarias. Essas
ovelhas desenvolveram dermatite severa que evoluiu para
necrose da pele dorsal. Macroscopicamente, as lesoes foram
observadas apenas na pele dorsal de ovelhas negras, enquanto
ovelhas com areas dorsais brancas da pele ndo foram afetadas.
Microscopicamente, a epiderme e a derme profunda das ovelhas
afetadas apresentavam necrose coagulativa difusa, além de
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incontinéncia pigmentar e hiperqueratose paraqueratotica.
A necrose térmica dorsal ocorre apenas na pele dorsal de
ovelhas negras em situagdes de exposicdo excessiva a luz solar
devido ao acimulo de radiacdo ultravioleta. A distribuicao
das lesdes, restrita a regido dorsal da pele, ¢ um importante
aspecto clinico-patolégico nesses casos que pode auxiliar na
diferenciacdo das lesdes causadas por fotossensibilizacgdo,
pois geralmente envolvem outros sitios anatomicos. Este é o
primeiro relato de necrose térmica dorsal em ovinos no Brasil.

TERMOS DE INDEXACAO: Necrose térmica, ovinos, radiacdo solar,
pequenos ruminantes, pele, gangrena seca, nordeste brasileiro.

INTRODUCTION

Solar radiation is composed of variable wavelengths of
ultraviolet (UV) rays, mainly UVA (320-400nm) and UVB
(290-320nm) rays (Ferramola de Sancovich & Sancovich 2006,
Gonzales-Pimariega et al. 2009, Luigi etal. 2016). The radiant
energy of the sun, especially from UVB rays, is responsible
for varying degrees of skin lesions, including burns, elastosis,
fibrosis, comedones, adnexal cysts and keratosis (Mauldin
& Peters-Kennedy 2015, Hossy et al. 2018, Rousselet et al.
2019). In addition, solar radiation is also responsible for
photosensitization, an exacerbated form of sunburn caused
by the photodynamic chemical activation in the skin that are
frequentin cases of poisoning by plants (Albernaz etal. 2010,
Aratjo et al. 2017, Mendonga & Riet-Correa 2023). Despite
producing lesions with some degree of similarity, solar
dermatitis and photosensitivity are pathologically distinct.

The records of sun-induced dermatoses and tumors in
humans have grown in recent decades, particularly in outdoor
workers (Modenese et al. 2018, Gobba et al. 2019), which is
directly related to the increase in radiation intensity (Kim &
Kim 2018, Parker 2021) as well as the time of sun exposure.
Despite the sporadic records in veterinary medicine, we
believe that actinic diseases are underdiagnosed, particularly
because the levels of sun exposure in the Brazilian Northeastern
Region can be significantly high due to the proximity of this
region to the equatorial line, and due to an increase in global
temperature and thermal sensation, and reduction of the
rainy days’ frequency (Narayanan et al. 2010, Marengo et al.
2019, Costa et al. 2020).

Among actinic diseases, dorsal skin necrosis stands out.
This condition was described in eight sheep in Uruguay. It
was characterized by extensive, wide, and linear necrosis
of the dorsal skin, extending from the interscapular to the
lumbosacral area in eight sheep with black skin (Garcia et
al. 2019). The lesion is compatible with a burn and occurs
because black skin absorbs approximately 45% more solar
radiation than white skin and can produce thermal energy,
causing tissue carbonization (Mauldin & Peters-Kennedy
2015). Despite its relevance and abundant predisposing
factors in the Northeast of Brazil, there are no reports of
dorsal skin necrosis in this region. The aim of this study was
to report an outbreak of dorsal thermal necrosis diagnosed
in a flock of sheep in the Forest Zone of the State of Alagoas,
Northeastern Brazil.
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MATERIALS AND METHODS

Animal procedures were carried out in accordance with the National
Institutes of Health Guide for the Care and Use of Animals and
the “Conselho Nacional de Controle de Experimenta¢do Animal’,
“Ministério da Ciéncia e Tecnologia” (CONCEA/MCTI), Brazil.

An outbreak of dorsal thermal necrosis was observed in a flock
of sheep in the municipality of Boca da Mata (S 9°38°31” and W
36°13’11”), Forest Zone of the State of Alagoas, Northeastern Brazil,
inthe year 2022. The region has dissected reliefand deep valleys, in
addition to predominantly subperennial forest vegetation type, with
parts of hypoxerophilic forest. The climate is tropical rainy, with a
dry summer and a rainy period that begins in December/January
and ends in September (Mascarenhas etal. 2005). During the disease
investigation, 12 ewes, ~2-year-old showing deep and fetid skin
wounds extending from the interscapular to the lumbosacral region,
were evaluated. Clinical examination was performed according to
Dirksen et al. (1993), and blood samples were collected using a
vacuum collection system with silicone tubes with and without
EDTA with a 5-mL capacity. The blood was centrifuged (110.682 G
for 5 min), and serum was separated in polyethylene tubes, frozen
at -20°C and stored for further analysis. Serum levels of urea and
creatinine and serum activities of gamma-glutamyltransferase
(GGT) and aspartate aminotransferase (AST) were evaluated
using a colorimetric test using commercial kits in a semiautomatic
biochemical analyzer LabQuest®.

Skin biopsies were collected aseptically using a 5mm skin punch
from two severely affected sheep. In addition, a blind percutaneous
liver biopsy was performed with a Menghini needle, according to
Rocha et al. (2016). For this, a Menghini needle was introduced
in the cranioventral direction, in the 11th right intercostal space,
at the point of intersection with an imaginary line parallel to the
spine, starting from the lateral end of the iliac tuberosity. After
passing through the thoracic wall, the needle was introduced into
the hepatic parenchyma for two to three centimeters to collect the
samples. Samples were fixed in 10% buffered formalin (pH 7.2)
for 24 hours. These samples were processed routinely to produce
4-um thick sections stained with hematoxylin and eosin (HE).
Additionally, the pasture was inspected to investigate toxic plants
causing photosensitization.

RESULTS

This outbreak was diagnosed in twelve ewes (29.26%) out of
41 crossbred sheep, with predominantly short brown, black
and black/white coats. This flock was bought from another
farm in the same region to be used as breeders in the new
farm. At the original farm, the sheep were kept exclusively in a
confinement system with access to shaded areas. After being
transferred and placed for grazing from 8:00 a.m. until 4:00
p.m. (~8h/day) in a pasture of Panicum maximum without
shading, two out of the foreign ewes presented skin lesions
nine days after they were transferred to the pasture and after
17 days, 10 ewes presented the same lesions (10/26). These
lesions were restricted to the dorsum and were limited to the
black or brown areas of skin in dark-colored sheep; however,
sheep with black skin and white coats or areas of black/white
transition were also mildly affected (Fig.1).

Initially, the skin showed a linear to serpiginous ulceration
along the dorsum (Fig.2), which evolved over a week to
complete necrosis and detachment (Fig.3). In the first two
sheep affected, these areas were extensive and deep, revealing
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the overlying longissimus dorsi and spinalis muscles (Fig.4).
On average, the affected regions measured 48cm in length x
10cm in width. These animals had worse nutritional status
(score 2) and arched their backs when handled. During the
dermatological examination, the skin in the dorsal region
continued to detach, exhaling a fetid odor combined with an
adhered yellowish fibrillar material. The gangrenous skin was
dry (mummified appearance) and dark gray to black. Nodular
areas suggestive of granulation tissue, small fistulous tracts
and epithelial retraction areas were additionally observed.
The other sheep were less affected and exhibited wounds
gradually healing by secondary intention. Wool in white and

Fig.1-4. (1) Ewes showing varying degrees of skin necrosis. Note two severely affected ewes presenting lesions in the dorsal region and

black areas sheds easily, falling out in tufts. In short-haired
animals, areas of white fur exhibited alopecia but no necrosis.
No hematological alterations were observed in any sheep,
and the serum levels of GGT, AST, serum creatinine and urea
were within the reference values (Table 1).
Microscopically, a focally extensive area of coagulative
necrosis was observed affecting the epidermis and dermis was
noted (Fig.5). Numerous bacterial myriads in the epidermis,
deep dermis and muscle fibers were also observed. In segments
with the epidermis intact, microabscesses were found in
the stratum corneum (intracorneal) and in the epidermis
(intraepidermal), in addition to spongiosis of keratinocytes,

other individuals with smaller lesions, mostly in the dark skin or transitional areas. (2 and 3) Dry gangrene on dorsal skin, extending
from the cervical to the sacral region. The edges of the necrotic skin were dry and firm. (4) Also note the diffusely reddened and raised
overlying muscle, suggesting severe inflammation. The overlying muscle exhibited white to yellow (cervical region) and red to black
(along the dorsum) devitalized areas associated with yellow fibrillar material.

Table 1. Serum biochemistry findings from affected sheep with sun-induced dermal necrosis (n=2)

Values Sheep 1 Sheep 2 Reference values
AST(UI/L) 104.0 58.0 60.0-280.0
GGT (UI/L) 54.0 32.0 20.0-52.0

Urea (mg/dL) 37.0 40.0 36.6-92.0
Creatinine (mg/dL) 1.4 0.8 1.2-1.9

*Reference values according to Tennant (2008).

Pesq. Vet. Bras. 43:e07321, 2023
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pigmentary incontinence and parakeratotic hyperkeratosis.
Additionally, a focally extensive area of ulcer covered by a
fibrinolytic membrane was noted. In the superficial dermis,
there was a dense mixed inflammatory infiltrate, predominantly
of neutrophils, followed by lymphocytes and macrophages.
Extensive granulation tissue was noted in the deep dermis,
accompanied by vasculitis and fibrin thrombi (Fig.6). No
microscopic changes in the liver biopsy were noted in affected
sheep (Fig.6 inset).

DISCUSSION

This manuscript seems to report for the first time in Brazil
an outbreak of thermal necrosis of dorsal skin in sheep. The
epidemiological data, skin lesions restricted to the dorsal areas
of the body, the significantly higher occurrence and severity
in black and brown ewes, and the biochemical and gross and
microscopic findings of the affected skin strongly suggest a
thermal injury associated with prolonged sunlight exposure;
as well as the sudden change in the management, exposure of
ewes, used to being in the shade, to long sunlight exposure,
plus the absence of shading triggered the skin lesions.
Dorsal thermal necrosis (DTN) is an uncommonly
recognized thermal burn injury attributed to prolonged
sun exposure and high environmental temperatures. In this
condition, black skin/coat is remarkably severely affected,
as the skin absorbs approximately 45% more solar radiation
than white skin. In addition, the absorption of visible light
(400-700nm) can produce thermal energy, causing burns
with the carbonization of tissues (Fadare etal. 2012, Mauldin
& Peters-Kennedy 2015, Leite et al. 2018). The energy from
solar radiation can damage the skin via direct cell injury,
increased thermal burden, or both (Werner 2016).

Fig.5-6. (5) Marked coagulative necrosis effacing the epidermis and infiltrate occupying the deepA

Furthermore, itis important to highlight that the environment
also affects the animal’s temperature throughout the day:
animals exposed to the sun at warmer times, such as 1:00 p.m.,
show remaining levels of heat stored until 8:00 p.m. (Pulido-
Rodriguez etal. 2021). These findings strengthen our theory,
particularly when we consider the climatological indices of
the Brazilian Northeast region. The geographic location of
this region favors a more constant pattern of solar irradiance,
high temperatures and longer photoperiods (Silva 2006),
whose values begin to increase from September onwards in
the state of Alagoas (Amorim et al., 2019). In Uruguay, the
lesion was described after sun exposure at 29°C, 8h/day, for
230 days. However, according to our results, average sun
exposure at 30.7°C (MARKSIM®), 8h/day, for nine to fifteen
days, was enough to cause severe skin lesions.

In animals experimentally exposed to the sun, more significant
increases in body temperature were found in regions with a
higher incidence of direct solar radiation, such as the back and
shoulder (Pulido-Rodriguez et al. 2021), which may explain
why this anatomical region is more severely affected because,
in addition to direct exposure, it retains more energy absorbed
during the day. Furthermore, in wooly breeds exposed to the
sun of the Mediterranean climate, the wool surface reached
45°C. The skin temperature was 39.6°C, demonstrating that
the effects of absorbed radiation remained mainly on the
surface of the wool (Haddade et al. 2018), which may explain
why the wooly sheep exhibited fewer lesions when compared
to the short-haired sheep. In reports of thermal necrosis in
sheep, recent clipping was the main predisposing factor to
injury in sheep (Butler & Bergman 2006, Garcia etal. 2019).

The heat applied to the skin can cause necrotizing lesions
of varying degrees. In this study, it is believed that the lesions
correspond to 4th-degree burns. In these conditions, heat
extends from the epidermis to the subcutaneous fascia,
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dermis. Note the occurrence of only

remnants of skin appendages. HE, obj.10x. (6) Granulation tissue in the dermis, involving a fibrin thrombus in the center. Normal liver
parenchyma of affected sheep from which it can be concluded that the skin lesions are not related to hepatogenous photosensitization

(inset). HE, obj.40x.
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affecting blood and lymphatic vessels. This causes coagulative
necrosis of connective tissues, blood vessels, and appendages;
thrombosis and vascular leakage; dryness and charring of
the epidermis, which flakes off and is filled with granulation
tissue (Mauldin & Peters-Kennedy 2015). These are the main
mechanisms related to skin necrosis affecting mostly the
dorsal areas of affected sheep in this study.

Previous reports of DTN in sheep are rare; it has only
been described in Uruguay (Garcia etal. 2019) and Australia
(Butler & Bergman 2006). This lack of knowledge, in our
experience, has resulted in frequent misdiagnosis of DTN
as other forms of dermatological disease, mostly primary
or secondary photosensitization, that are ordinary diseases
caused by several toxic plants in Brazil (Schwartz etal. 2018,
Mendonga & Riet-Correa 2023). DTN is also described in pigs
(Frank et al. 2015) and dogs (Schwartz et al. 2018). Other
causes of thermal lesions in animals include hotliquids (Quist
etal. 2012), warming pads (Dunlop et al. 1989), fire (Sharpe
etal. 2020, Rashid et al. 2021), and electrical burns (Pereira
etal. 2020). However, the skin lesions in these situations can
occur in any part of the skin and are not limited to the dorsal
skin, as reported here.

Differential dorsal thermal necrosis diagnoses include toxic
epidermal necrolysis, erythema multiforme major, bullous
pemphigoid, pemphigus vulgaris, vasculitis, and trauma. In
Brazil, photosensitization (Albernaz et al. 2010, Aragjo et al.
2017) caused by Brachiaria spp., Froelichia humboldtiana
and Malachra fasciata consumption should be considered.
In these cases, the lesions are limited to white skin, mucous
membranes, and vulvar and anal region areas. In fatal cases,
heat stroke should be included (Bruchim et al. 2009). As for
the pattern of skin injury, it should be considered that linear
burns can occur on the back of animals exposed to hot water
from hoses (Quistetal. 2012) and injuries on the dorsolateral
trunk are described in animals secondary to radiant heat and
are characterized by irregular, alopecic, erythematous and
hyperpigmented areas (Walder & Hargis 2002).

CONCLUSIONS

Dorsal thermal necrosis (DTN) occurs due to multiple
predisposing risk factors, including wool length, skin and wool
pigmentation, prolonged sun exposure, high environmental
temperature, and absence of shade.

The distribution of the lesions, restricted to the dorsal
area of the skin, is an important clinicopathological aspect
in these cases that can help differentiate lesions caused by
photosensitization, as they usually involve other anatomical
sites.

Acknowledgments. - To the “Coordenacdo de Aperfeicoamento de Pessoal
de Nivel Superior” (CAPES), Finance Code 001, and “Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico” (CNPq), Process 304804/2018-5
and Process 409116/2021-1), for granting the necessary financial support
for the development of this study.

Conflict of interest statement. - The authors declare no conflicts of interest.

REFERENCES

Albernaz T.T,, Silveira J.A.S., Silva N.S., Oliveira C.H.S., Belo Reis A.S., Oliveira
C.M.C., Duarte M.D. & Barbosa ].D. 2010. Fotossensibilizagdo em ovinos
associada a ingestao de Brachiaria brizantha no estado do Para. Pesq. Vet. Bras.
30(9):741-748. <https://dx.doi.org/10.1590/S0100-736X2010000900006>

Amorim M.L.C.M,, Saraiva E.P, Fonséca V.E.C., Guerra R.R,, Santos S.G.C.G.,
Costa C.C.M., Almeida M.E.V, Pinheiro A.C. & Pimenta Filho E.C. 2019.
Coatand skin morphology of hair sheep breeds in an equatorial semi-arid
environment. J. Therm. Biol. 84:103-110. <https://dx.doi.org/10.1016/j.
jtherbio.2019.06.007>

Aratijo V.0, Oliveira Neto T.S., Simdes S.V.D,, Silva T.K.F, Riet-Correa F. & Lucena
R.B. 2017. Primary photosensitization and contact dermatitis caused by
Malachra fasciata Jacq. N.V. (Malvaceae) in sheep. Toxicon 138:184-187.
<https://dx.doi.org/10.1016/j.toxicon.2017.09.009> <PMid:28918228>

Bruchim Y., Loeb E., Saragusty J. & Aroch 1. 2009. Pathological findings in
dogs with fatal heatstroke. ]. Comp. Pathol. 140(2/3):97-104. <https://
dx.doi.org/10.1016/j.jcpa.2008.07.011> <PMid:19111315>

Butler A.R. & Bergman E.L. 2006. Dermal necrosis of sheep following summer
shearing. Proceedings of the Australian Society of Animal Production 26th
Biennial Conference, Perth, West Australia, Australia. 46p.

CostaR.L., Baptista G.M.M., Gomes H.B,, Silva F.D.S., Rocha Junior R.L., Salvador
M.A. & Herdies D.L. 2020. Analysis of climate extremes indices over
northeast Brazil from 1961 to 2014. Weather Clim. 28:100254. <https://
dx.doi.org/10.1016/j.wace.2020.100254>

Dirksen G., Griinder H.-D. & Stober M. 1993. Rosenberg, Die Klinische
Untersuchung des Rindes. 3rd ed. Verlagbuchhandlung Paul Parey, Berlin
and Hamburg.

Dunlop C.I, Daunt D.A. & Haskins S.C. 1989. Thermal burns in four dogs during
anesthesia. Vet. Surg. 18(3):242-246. <https://dx.doi.org/10.1111/j.1532-
950x.1989.tb01079.x> <PMid:2773288>

Fadare A.O., Peters S.0., Yakubu A., Sonibare A.O., Adeleke M.A., Ozoje M.O.
& Imumorin I.G. 2012. Physiological and haematological indices suggest
superior heat tolerance of white-coloured West African Dwarf sheep in
the hot humid tropics. Trop. Anim. Health Prod. 45:157-165. <https://
dx.doi.org/10.1007/s11250-012-0187-0> <PMid:22639037>

Ferramola de Sancovich A.M. & Sancovich H.A. 2006. Interacciones de las
radiaciones electromagnéticas y especies reactivas del oxigeno sobre la
piel. Revta Argent. Dermatol. 87:113-120.

Frank L.A., McCormick K.A., Donnell R.L. & Kania S.A. 2015. Dorsal black
skin necrosis in a Vietnamese pot-bellied pig. Vet. Dermatol. 26(1):64-e23.
<https://dx.doi.org/10.1111/vde.12181> <PMid:25354899>

Garcia].A., Romero A., Uzal FA,, Tarigo L., Affolter V.K. & Dutra F. 2019. Solar-
induced dorsal skin necrosis in sheep. Vet. Dermatol. 30(5):442-e137.
<https://dx.doi.org/10.1111/vde.12777> <PMid:31342594>

Gobba F, Modenese A. & John S.M. 2019. Skin cancer in outdoor workers
exposed to solar radiation: a largely underreported occupational disease
in Italy. J. Eur. Acad. Dermatol. 33(11):2068-2074. <https://dx.doi.
org/10.1111/jdv.15768> <PMid:31265157>

Gonzéles-Ptimariega M., Tamayo M.V. & Sanchez-Lamar A. 2009. La radiacién
ultravioleta. Su efecto dafiino y consecuencias para la salud humana.
Theoria, 18(2):69-80.

Haddade LR, Carreira E.R.S., Castro J.A.L., Carrilho S.R.E, Fragoso J.,
Geraldo A.C.A.PM,, Infante P. & Pereira A.M.F. 2018. Respostas fisiologicas
comportamentais de ovelhas da raga Merino submetidas a elevadas
temperaturas no ambiente do montado Alentejano. Revta Port. Zootec.
(1):493-498.

Hossy B.H., Leitdo A.A.C., Torres R.B., Ramos-E-Silva M., Miguel N.C.0. &
De Padula M. 2018. Histological observation of hairless mice skin after
exposure to simulated solar light: Comparison between the histological
findings with different methodologies and 3R principle correlations.
Burns 44(2):359-369. <https://dx.doi.org/10.1016/j.burns.2017.08.011>
<PMid:29032978>

Kim H.-]. & Kim K.-H. 2018. Increased incidence of chronic actinic dermatitis
inrelation to climate changes and air pollution during the past 15 years in
Korea. Photodermatol. Photoimmunol. Photomed. 34(6):387-392. <https://
dx.doi.org/10.1111/phpp.12402> <PMid:29889316>

Pesq. Vet. Bras. 43:e07321, 2023


https://dx.doi.org/10.1590/S0100-736X2010000900006
https://dx.doi.org/10.1016/j.jtherbio.2019.06.007
https://dx.doi.org/10.1016/j.jtherbio.2019.06.007
https://dx.doi.org/10.1016/j.toxicon.2017.09.009
https://pubmed.ncbi.nlm.nih.gov/28918228
https://dx.doi.org/10.1016/j.jcpa.2008.07.011
https://dx.doi.org/10.1016/j.jcpa.2008.07.011
https://pubmed.ncbi.nlm.nih.gov/19111315
https://dx.doi.org/10.1016/j.wace.2020.100254
https://dx.doi.org/10.1016/j.wace.2020.100254
https://dx.doi.org/10.1111/j.1532-950x.1989.tb01079.x
https://dx.doi.org/10.1111/j.1532-950x.1989.tb01079.x
https://pubmed.ncbi.nlm.nih.gov/2773288
https://dx.doi.org/10.1007/s11250-012-0187-0
https://dx.doi.org/10.1007/s11250-012-0187-0
https://pubmed.ncbi.nlm.nih.gov/22639037
https://dx.doi.org/10.1111/vde.12181
https://pubmed.ncbi.nlm.nih.gov/25354899
https://dx.doi.org/10.1111/vde.12777
https://pubmed.ncbi.nlm.nih.gov/31342594
https://dx.doi.org/10.1111/jdv.15768
https://dx.doi.org/10.1111/jdv.15768
https://pubmed.ncbi.nlm.nih.gov/31265157
https://dx.doi.org/10.1016/j.burns.2017.08.011
https://pubmed.ncbi.nlm.nih.gov/29032978
https://dx.doi.org/10.1111/phpp.12402
https://dx.doi.org/10.1111/phpp.12402
https://pubmed.ncbi.nlm.nih.gov/29889316

6 Telma S. Lima et al.

Leite ]J.H.G.M,, Silva R.G., Silva W.S.T,, Silva W.E., Paiva R.D.M.,, Sousa J.E.R,,
Asensio L.A.B. & Facanha D.A.E. 2018. Locally adapted Brazilian ewes
with different coat colors maintain homeothermy during the year in an
equatorial semiarid environment. Int. ]. Biometeorol. 62(9):1635-1644.
<https://dx.doi.org/10.1007 /s00484-018-1563-x> <PMid:30003337>

Luigi P.G., Rightler A.L., Heronc B.M. & Gabbuttc C.D. 2016. Extending
human perception of electromagnetic radiation to the UV region through
biologically inspired photochromic fuzzy logic (BIPFUL) systems. Chem.
Commun. 52(7):1474-1477. <https://dx.doi.org/10.1039/c5cc09290f>
<PMid:26658700>

Marengo J.A., Cunha A.P, Soares W.R,, Torres R.R,, Alves L.M,, Brito S.S.B.,
Cuartas L.A,, Leal K, Ribeiro Neto G., Alvala R.C.S. & Magalhdes A.R. 2019.
Increase risk of drought in the semiarid lands of Northeast Brazil due to
regional warming above 4°C, p.181-200. In: Nobre C.A., Marengo J.A. &
Soares W.R. (Eds), Climate Change Risks in Brazil. Springer, Cham. <https://
dx.doi.org/10.1007/978-3-319-92881-4_7>

Mascarenhas J.C., Beltrdo B.A., Souza Junior L.C. 2005. Projeto Cadastro de
Fontes de Abastecimento por Agua Subterranea. Servico Geoldgico do
Brasil, CPRM/PRODEEM, Recife, p.1-12. (Relatdérios Técnicos).

Mauldin E.A. & Peters-kennedy J. 2015. Integumentary system, p.509-756.
In: Maxie M.G. (Ed.), Jubb, Kennedy and Palmer’s Pathology of Domestic
Animals. Vol.1. 6th ed. Elsevier, London.

Mendonga ES. & Riet-Correa F. 2023. Plantas que causam fotossensibilizacdo
primaria, p.124-127. In: Riet-Correa F, Schild A.L., Lemos R., Borges J.R,,
Mendonga ES. & Machado M. (Eds), Doengas de Ruminantes e Equideos.
Vol.2. 42 ed. MedVet, Sdo Paulo.

Modenese A., Korpinen L. & Gobba F. 2018. Solar radiation exposure and
outdoor work: an underestimated occupational risk. Int. J. Environ. Res.
Publ. Health 15(10):2063. <https://dx.doi.org/10.3390/ijerph15102063>
<PMid:30241306>

Narayanan D.L., Saladi R.N. & Fox J.L. 2010. Ultraviolet radiation
and skin cancer. Int. J. Dermatol. 49(9):978-986. <https://dx.doi.
org/10.1111/j.1365-4632.2010.04474 x> <PMid:20883261>

Parker E.R. 2021. The influence of climate change on skin cancer incidence
-areview of the evidence. Int.]. Women’s Dermatol. 7(1):17-27. <https://
dx.doi.org/10.1016/j.ijwd.2020.07.003> <PMid:33537393>

Pereira A.A.B.G., Dias B., Castro S.I., Landi M.F.A.,, Melo C.B., Wilson T.M,,
Costa G.R.T,, Passos PH.0., Romano A.P, Szabo M.PJ. & Castro M.B. 2020.
Electrocutions in free-living black-tufted marmosets (Callithrix penicillata)
in anthropogenic environments in the Federal District and surrounding
areas, Brazil. Primates 61(2):321-329. <https://dx.doi.org/10.1007/
$10329-019-00760-x> <PMid:31564005>

Pesq. Vet. Bras. 43:e07321, 2023

Pulido-Rodriguez L.F, Titto C.G., Bruni G.A., Froge G.A., Fuloni M.F,, Payan-
Carrera R., Henrique EL., Geraldo A.C.A.P.M. & Pereira A.M.F. 2021. Effect
of solar radiation on thermoregulatory responses of Santa Inés sheep
and their crosses with wool and hair Dorper sheep. Small Rumin. Res.
202:106470. <https://dx.doi.org/10.1016/j.smallrumres.2021.106470>

Quist E.M., Tanabe M., Mansell ].E.K.L. & Edwards J.L. 2012. A case series of
thermal scald injuries in dogs exposed to hot water from garden hoses
(garden hose scalding syndrome). Vet. Dermatol. 23(2):162-e33. <https://
dx.doi.org/10.1111/j.1365-3164.2011.01015.x> <PMid:22132799>

Rashid M., Naikoo M., Yadav C.L. & Taiswal K. 2021. Clinical management of
second degree burns in Murrah buffaloes - A typical case report. Buffalo
Bull. 40(3):503-507.

Rocha B.P, Reis M.O., Driemeier D., Cook D., Camargo L.M., Riet-Correa F.,
Evéncio-Neto J. & Mendonga FE.S. 2016. Bidpsia hepatica como método
diagnoéstico para intoxicagdo por plantas que contém swainsonina.
Pesq. Vet. Bras. 36(5):373-377. <https://dx.doi.org/10.1590/S0100-
736X2016000500003>

Rousselet E., Stolen M., Durden W.N.,, Jablonski T,, Stacy N.I. & Rotstein D.S.
2019. Bilateral polycystic kidneys and focal renal cystadenoma in a pygmy
sperm whale (Kogia breviceps). ]. Wildl. Dis. 55(1):258-261. <https://
dx.doi.org/10.7589/2018-01-019> <PMid:30235083>

Schwartz S.L., Schick A.E., Lewis T.P. & Loeffler D. 2018. Dorsal thermal necrosis
in dogs: a retrospective analysis of 16 cases in the southwestern USA (2009-
2016). Vet. Derm. 29(2):139-e55. <https://dx.doi.org/10.1111/vde.12519>
<PMid:29392813>

Sharpe A.N., Gunther-Harrington C.T,, Epstein S.E., Li RH.L. & Stern J.A.
2020. Cats with thermal burn injuries from California wildfires show
echocardiographic evidence of myocardial thickening and intracardiac
thrombi. Sci. Rep. 10:2648. <https://dx.doi.org/10.1038/s41598-020-
59497-z>

SilvaR.G. 2006. Predi¢do da configuragdo de sombras de arvores em pastagens
para bovinos. Eng. Agric. 26(1):268-281. <https://dx.doi.org/10.1590/
S0100-69162006000100029>

Tennant B.C. & Center S.A. 2008. Hepatic function, p.379-412. In: Kaneko ] .J.,
Harvey ].W. & Bruss M.L. (Eds), Clinical Biochemistry of Domestic Animals.
6th ed. Academic Press, Philadelphia. <https://dx.doi.org/10.1016/B978-
0-12-370491-7.00013-1>

Walder E.J. & Hargis A.M. 2002. Chronic moderate heat dermatitis (erythema
ab igne) in five dogs, three cats and one silvered langur. Vet. Dermatol.
13(5):283-292. <https://dx.doi.org/10.1046/j.1365-3164.2002.00304.x>
<PMid:12358613>

Werner A. 2016. Top 5 dermatoses associated with electromagnetic radiation.
Clinician’s Brief. 93-97.


https://dx.doi.org/10.1007/s00484-018-1563-x
https://pubmed.ncbi.nlm.nih.gov/30003337
https://dx.doi.org/10.1039/c5cc09290f
https://pubmed.ncbi.nlm.nih.gov/26658700
https://dx.doi.org/10.1007/978-3-319-92881-4_7
https://dx.doi.org/10.1007/978-3-319-92881-4_7
https://dx.doi.org/10.3390/ijerph15102063
https://pubmed.ncbi.nlm.nih.gov/30241306
https://dx.doi.org/10.1111/j.1365-4632.2010.04474.x
https://dx.doi.org/10.1111/j.1365-4632.2010.04474.x
https://pubmed.ncbi.nlm.nih.gov/20883261
https://dx.doi.org/10.1016/j.ijwd.2020.07.003
https://dx.doi.org/10.1016/j.ijwd.2020.07.003
https://pubmed.ncbi.nlm.nih.gov/33537393
https://dx.doi.org/10.1007/s10329-019-00760-x
https://dx.doi.org/10.1007/s10329-019-00760-x
https://pubmed.ncbi.nlm.nih.gov/31564005
https://dx.doi.org/10.1016/j.smallrumres.2021.106470
https://dx.doi.org/10.1111/j.1365-3164.2011.01015.x
https://dx.doi.org/10.1111/j.1365-3164.2011.01015.x
https://pubmed.ncbi.nlm.nih.gov/22132799
https://dx.doi.org/10.1590/S0100-736X2016000500003
https://dx.doi.org/10.1590/S0100-736X2016000500003
https://dx.doi.org/10.7589/2018-01-019
https://dx.doi.org/10.7589/2018-01-019
https://pubmed.ncbi.nlm.nih.gov/30235083
https://dx.doi.org/10.1111/vde.12519
https://pubmed.ncbi.nlm.nih.gov/29392813
https://dx.doi.org/10.1038/s41598-020-59497-z
https://dx.doi.org/10.1038/s41598-020-59497-z
https://dx.doi.org/10.1590/S0100-69162006000100029
https://dx.doi.org/10.1590/S0100-69162006000100029
https://dx.doi.org/10.1016/B978-0-12-370491-7.00013-1
https://dx.doi.org/10.1016/B978-0-12-370491-7.00013-1
https://dx.doi.org/10.1046/j.1365-3164.2002.00304.x
https://pubmed.ncbi.nlm.nih.gov/12358613

