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A ciéncia é o caminho que nos leva a avancar com seguranca em direcéo a solugoes,
0 processo investigativo é inevitavel para se conseguir uma solucao paliativa ou definitiva
para os diversos processos fisiopatologicos que acometem os animais. E com esse
propésito que essa obra de “Investigacdo Cientifica e Técnica em Medicina Veterinaria
2” esta sendo disponibilizada, um e-book que de forma primorosa passeia pelos mais
diversos temas da ciéncia animal, trazendo reflexdes cientificas e esclarecimentos para os
profissionais que trabalham nessa area tdo nobre que a Zootecnia e Medicina Veterinaria.

Os autores estdo localizados nas mais diversas regides do Brasil, conferindo
diversidade aos assuntos abortados pelos pesquisadores. Os capitulos trazem consigo um
apanhado de revisao bibliografica e de experimentacao cientifica sobre varios assuntos,
como: radiologia e ultrassonografia, procedimentos anestésicos e cirlrgicos, viroses,
ambiéncia animal, protocolos anti-helminticos, exames hematolégicos, tratamentos de
tumores e alternativas de alimentagao de ruminantes.

Percebe-se com os temas citados acima que € uma coletdnea de assuntos de
suma importancia para atualizacéo de estudantes e profissionais, que encontram nesses
capitulos uma revisao diversificada das principais informagcdes da medicina veterinaria
atual. Tornando esse e-book como uma obra técnica cientifica a ser disponibilizada a
todos aqueles que pretendem encontrar uma fonte confiavel e objetiva sobre os mais

diversos assuntos da ciéncia animal.

Alécio Matos Pereira
Sara Silva Reis
Wesklen Marcelo Rocha Pereira
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ABSTRACT: The aim of this project is to report the occurrence of cardiac lesions in Boa
constrictor constrictor kept in captivity and naturally infected by Hepatozoon spp. In two
cases that presented clinical evidence of anorexia and progressive weakness, it was possible
presence of large quantities of Hepatozoon spp. The macroscopic changes observed were:
dehydration, cachexia, serous fat atrophy, pulmonary edema, visceral congestion, and
hydropericardium, increased heart volume. Was observed myocarditis characterized by the
presence of extensive foci of mononucleated cells in the interstitium, besides the presence of
mast cells compatible with Hepatozoon sp. in the middle of the leukocyte cells.
KEYWORDS: serpent, histopathology, necropsy, wild animals

RESUMO: Este trabalho objetivou relatar a ocorréncia de lesdes cardiacas em Boa constrictor
constrictor mantidas em cativeiro infectadas naturalmente por Hepatozoon spp. na regiao
semiarida, do Rio Grande do Norte. O estudo consistiu em realizar hemogramas e pesquisa
de gametocitos de Hepatozoon spp. em esfregacos sanguineos corados pelo Giemsa de oito
jiboias (Boa constrictor constrictor) mantidas no serpentario da Universidade Federal Rural do
Semi-Arido. Em duas jiboias que apresentaram evidencias clinicas de anorexia e debilidade
progressiva, foi possivel visualizar a presenca de grande quantidade de gametocitos de
Hepatozoon spp. no interior dos eritrocitos, além de anemia macrocitica hipocromica e
leucocitose. Esses animais morreram espontaneamente e foram submetidos a necropsia € ao
exame histopatoldgico de fragmentos dos érgéos. As alteracbes macroscopicas observadas
foram: desidratagdo, caquexia, atrofia serosa da gordura, edema pulmonar, congestdo
visceral, além de hidropericardio, coragcdo aumentado de volume, com presenca de estrias
de coloragdo branco amarelada. No exame histoldgico, foi possivel observar miocardite
caracterizada pela presenca de extensos focos de células mononucleadas (linfocitos,
plasmocitos e macréfagos) no intersticio, além da presenca de merontes compativeis com
Hepatozoon spp. em meio as células leucocitarias.

PALAVRAS-CHAVE: serpente, histopatologia, necropsia, animais silvestres
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Hepatozoonosis is a cosmopolitan disease caused by protozoa of the genus
Hepatozoon (Apicomplexa, Hepatozoidae) which parasite erythrocytes and leukocytes
from intermediate hosts including mammals, reptiles, birds and amphibians. Infections
with Hepatozoon spp. have been described in several species of snakes being considered
as the most frequent intracellular protozoa in these hosts (MAIA et al., 2014).

Although considered to be well adapted to their hosts, some infectious species of
Hepatozoon are responsible for distinct clinical and pathological changes. Thus, there
are reports that in infections with high parasitemia can be observed a hemolytic anemia,
myocardial lesions in dogs (BENETH et al., 2013). Significant inflammatory changes were
associated with the presence of Hepatozoon spp. in the liver, spleen, bone marrow and
kidney of dogs naturally infected by Hepatozoon canis.

Post-mortem examinations of three martens (Martes martes) in Scotland revealed
focal granulomatous lesions in the heart and skeletal muscles (SIMPSON et al., 2005).
This study also revealed the presence of Hepatozoon DNA in the cardiac and muscular
tissues that presented lesions by polymerase chain reaction (PCR).

Although Hepatozoon spp. are the intracellular protozoa most frequently found in
snakes (LOBO et al., 2014), there are few records in the literature of this hematozoa
causing cardiac lesions or their clinical and functional implications in these species. In
this way, this work aimed to report the occurrence of cardiac lesions in Boa constrictor
constrictor naturally infected by Hepatozoon spp.

In the present study eight juvenile jiboia (Boa constrictor constrictor) were kept in
the Laboratory of Immunology and Wild Animals Studies of the Federal Rural Semi-Arid
Federal University (UFERSA), located in Mossoroé city, State of Rio Grande do Norte.

The animals were housed individually in polyethylene boxes with dimensions of 0.97
x 1.52 x 1.16 m, lined with paper, which were kept at room temperature of approximately
25 °C and photoperiod of 12 hours light/dark and daily sunbathing for 30 minutes in open
space. The feeding was carried out individually, which were provided at fortnightly intervals,
rats (Rattus norvegicus) of the living Wistar variety.

In all animals, after manual mechanical restraint, blood samples were taken from the
puncture of the spinal vein, using disposable syringes and needles, to perform hemograms.
Blood smears were made for the identification and quantification of gametocytes of
Hepatozoonspp., which were stained by Giemsa, and observed under an optical microscope
with a magnification of 100x (O’'DWYER et al., 2004).

Necropsies were performed on two jiboias, one male and one female, naturally dead.
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The first animal presented had been recently introduced into the laboratory, and because
it had not adapted to captivity, it was not fed and presented progressive weakness (animal
n° 1). The second animal also died after progressive weakness for not feeding, but for no
apparent reason (animal n°. 2). The necropsy technique proposed by Mello (2013) was
used in which, after a thorough external examination, the animals were placed in dorsal
decubitus and with the aid of scissors, the ventral region was opened from the cloaca
to the mouth. After the opening of the celoma cavity, the organs were removed and a
complete macroscopic study was carried out, as well as the photographic documentation
of the significant findings.

Fragments of the heart, lung, liver, intestine, kidneys, testicles, brain, spleen and
pancreas were collected and fixed in 10% formalin, routinely processed for histology,
paraffin embedded, cut 5u thick and stained with hematoxylin-eosin (HE).

Samples of approximately 1 cm3 of cardiac muscle tissue (left ventricle) of the two
necropsies submitted to necropsy (hnumbers 1 and 2) were collected for the detection
of Hepatozoon sp. in cardiac tissues by reaction in Polymerase Chain Reaction (PCR),
according to methodology described by Inokuma et al. (2002). Hep-F oligonucleotides
(5’-ATA CAT GAG CAA AAT CTC AAC 3 ‘) and Hep-R (5-CTT ATT ATT CCA TGC TGC
AG-3’) were used. The presence Hepatozoon spp. of gene sequence was confirmed by
the amplification of 670 base pairs (bp) on 1% (w/v) agarose gels stained with ethidium
bromide. For negative controls, samples from the blood of uninfected jiboia were selected
and as a positive control DNA from an animal infected with Hepatozoon spp.

The blood smears of eight specimens of Boa constrictor constrictor were found to
be positive, and a large number of Hepatozoon spp. in the erythrocytes, with an average
of 18.2% and 32% of infected erythrocytes in the nodes. 1 and n. 2, respectively (Fig. 1).
n relation to the hematological alterations, these animals had macrocytic hypochromic
anemia and leukocytosis. The other animals presented hematological parameters within
the normal range for the species.

Figure 1. Gametocytes of Hepatozoon spp. inside the erythrocytes of Boa constrictor constrictor naturally
infected (Giemsa; magnification: x 100).
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The macroscopic alterations observed during the necropsy were: dehydration;
cachexia; reduced adipose tissue, with a gelatinous and translucent appearance (serous
fat atrophy); absence of food in the stomach and intestines; moderate pulmonary edema;
visceral congestion, particularly of the liver, spleen and kidneys. These changes were
more pronounced in animal 1. This animal had hydropericardium, enlarged heart, streaks
of white myocardium, small haemorrhagic spots, epicardium with rough appearance, and
a large blood clot in the right and left atria and ventricles (Fig. 2).

Figure 2. Macroscopic appearance of the jiboia heart (Boa constrictor constrictor) naturally infected by
Hepatozoon spp — It is observed an enlarged heart with a rough surface and streaks of yellowish-white
coloration.

In the histological examination, it was possible to observe in the hearts of the animals
n. 1 and 2 separations of cardiac fibers by edema, presence of elongated, tumefied,
eosinophilic fibers, with loss of transverse striations, nuclear pyknosis. In addition to
myocarditis, which was characterized by the presence of extensive foci of mononucleated
cells (lymphocytes, plasma cells and macrophages) in the interstitium. In the middle of
the leukocyte cells, it was possible to observe the presence of macerates compatible with
Hepatozoon spp. (Fig. 3).

Figure 3. Histological aspect of the jiboia heart (Boa constrictor constrictor) naturally infected by
Hepatozoon spp. (Mononuclear myocarditis — lymphocytes, plasma cells and macrophages —
associated with the presence of hepatozoon sp. in the leukocyte HE cells; magnification: x 40).
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The detection of Hepatozoon sp DNA in the cardiac tissue of n. 1 and 2, using the set
of oligonucleotides used (Hep-F and Hep-R), were positive, that is, 670 bp DNA fragments
specific for Hepatozoon spp were amplified and visualized on agarose gel.

The occurrence of anemia in the infected hamsters of the present study confirms the
results of studies reporting this hematological alteration as the most frequent in animals
infected with Hepatozoon spp. (GIANNITTI et al., 2012). Anemia caused by Hepatozoon
spp. is considered multifactorial, with hemolysis being attributed beyond insufficient
hemopoiesis due to the presence of hemoparasite in the bone marrow, which may trigger
disruptions in its functioning (GIANNITTI et al., 2012).

As infections by Hepatozoon spp. What has been taken in several species of snakes,
the most frequently being approached intracellular protozoa in hosts (LOBO et al., 2014).
The parasite is considered well adapted and is not usually associated with snake diseases
(LOPES et al., 2010). However, as in other parasitic diseases, the clinical symptomatology
of hepatozoonosis in intermediate hosts is strongly influenced by factors inherent to the
host, such as susceptibility of the animal, and also by factors inherent to the parasite, such
as virulence and pathogenicity (BORGES et al., 2014).

The loss of balance in the parasite host relationship is considered to be determinant
for the occurrence of clinical manifestations and lesions in tissues and organs (DESJEUX,
1996). In dogs, it has been demonstrated that the pathogenesis of Hepatozoon canis
infection is influenced by the presence of immunodeficiency; immature immune systems,
as in the case of puppies; congenital defects and concomitant infections by other agents,
and conditions that weaken the immune system may increase the susceptibility to a new
infection by Hepatozoon canis and allow existing infections to reactivate and predispose the
individual to a disease with the onset of clinical signs (BANETH, 2011). When parasitemia
is at high levels in an unnatural host, infections can cause clinically significant inflammatory
diseases, including necrotizing hepatitis, pancreatitis, splenitis, and hemolytic anemia.

Little is known about the clinical and anatomopathological changes due to infection
with Hepatozoon spp. in snakes. However, the work done by O’'Dwyer et al. (2013) in
a specimen of Crotalus durissus terrificus kept in captivity that presented neurological
problems due to the presence of macerates of Hepatozoon spp. established in the brain.
In other species, such as canine, hepatozoonosis was associated with the occurrence of
lesions and alterations in skeletal and cardiac musculature.

The present work reports the first description of cardiac lesions in boa snake
constrictor constrictor raised in captivity parasitized by Hepatozoon spp. It is important to
emphasize the presence of hepatozoon sp. associated with the tissue reaction evidenced
by a local inflammatory response. Thus, our data suggest that Hepatozoon spp. is capable
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of causing cardiac lesions and has contributed to the fatal course of infection in jiboias.
Evidence of cardiac involvement was also observed during the necroscopic examination,
which evidenced alterations observed in heart failure such as hypertrophy of the heart,

hydropericardium and visceral congestion.

The presence of cardiac lesions, associated with the visualization of Hepatozoon
spp. Meronts, allow us to conclude that the parasite may be involved in the etiopathogenic
mechanism of the lesions and with the fatal course of infection in Boa constrictor constrictor

raised in captivity.

BANETH, G; SHEINER, A; HAHN, S; BEAUFILS, J.P; ANUG, Y; TALMI-FRANK, D. Redescription of
Hepatozoon felis (Apicomplexa: Hepatozoidae) based on phylogenetic analysis, tissue and blood form
morphology, and possible transplacental transmission. Parasites & Vectors, 6:1-10, 2013

BANETH, G. Perspectives on canine and feline hepatozoonosis. Veterinary Parasitol, 181: 3-11, 2011.

BORGES, C.E.F,; FIGUEIRO, B.S.; GOMIDE, C.R.; ALVARENGA, T.M.P.; NETO, F.D.M. Alteracées
hematol6gicas encontradas em cées com hepatozoon canis através de hemogramas realizados no
Laboratério de Patologia Clinica da Universidade Federal de Lavras. /n: XXIIl CONGRESSO DE POS-
GRADUAQAO DA UFLA. 2014, Lavras Anais... Lavras: UFLA, 2014. P. 3-6.

DESJEUX, P. Leshimaniose: public health aspects and control. Clinical Dermatology, 14: 417-423, 1996.

GIANNITTI, F.; DIAB, S.S.; UZAL, F.A.; FRESNEDA, K.; ROSSI, D.; TALMI-FRANK, D.; BANETH, G.
Infection with a Hepatozoon sp. closely related Hepatozoon felis in a wild Pampas gray fox (Lycapolex
— Pseudalopex — gymnocercus) co-infected with canine distemper virus. Vet Parasitol 2012, 186, 497-
502.

INOKUMA, H.; OKUDA, M.; OHNO, K.; SHIMODA, K.; ONISHI, T. Analysis of the 18SrRNA gene sequence
of Hepatozoon detected in two japonese dogs. Veterinary Parasitology, 106:265-271, 2002.

LOBO, R.R.; ORTUNHO, V.V.; SOUZA, L.O.; REIS, V.D.; CARVALHO, G.S.P. Relato de caso de
Hemoparasita em Sucuri da espécie Eunestes Murinus, no Centro de Conservacao da Fauna Silvestre
de Illha Solteira-SP. Revista Brasileira de Higiene e Sanidade Animal, 8:72-78, 2014.

LOPES, F.C.; AZEVEDO, S.S.; DANTAS, L.A.B.; FREITAS, C.l.A.; BATISTA, C.S.A.; AZEVEDO, A.S.
Ocorréncia de Hepatozoon spp. (Apicomplexa, Hepatozoidae) em serpentes captive Boa constrictor
mantidas em cativeiro no semiarido do estado do Rio Grande do Norte. Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia, 62: 1285-1287, 2010.

MAIA, J.P.; CROTTINI, A.; HARRIS, D.J. Microscopic and molecular characterization of Hepatozoon
domerguei (Apicomplexa) and Foleyella furcata (Nematoda) in wild endemic reptiles from Madagascar.
Parasite, 21: 1-14, 2014.

MELLO, E.M. Endo e ectoparasitos de serpentes Crotalus durissus Linnaeus, 1758 (Viperidae) de
algumas localidades de Minas Gerais. 2013, 127 f. Dissertacdo. (Programa de P6s-graduacao em
Parasitologia). Universidade Federal de Minas Gerais, Belo Horizonte, 2013.

Investigacdo Cientifica e Técnica em Medicina Veterinaria 2



O'DWYER, L.H.; MOCO, T.C.; PADUAN, K.; DOS, S.; SPENASSATTO, C.; SILVA, R.J.; RIBOLLA, P.E.
Description of three new species of Hepatozoon (Apicomplexa, Hepatozoidae) from Rattlesnakes
(Crotalus durissus terrificus) based on molecular, morphometric and morphologic characters.
Experimental Parasitology, 135:200-207, 2013.

O’DWYER, L.H.; MOCO, T.C.; SILVA, R.J.; Description of the gamonts of a small species of Hepatozoon
spp. (Apicomplexa, Hepatozoidae) found in Crotalus durissus terrificus (Serpentes, Viperidae).
Parasitology Research, 92:110-112, 2014.

SIMPSON, V.R.; PANCIERA, R.J.; HARGREAVES, J.; MCGARRY, J.W.; SCHOLES, S.F.E.; BOWN, K.J.;
BIRTLES, R.J. Myocarditis and myositis due to infection with Hepatozoon species in pine martens
(Martes martes) in Scotland. The Veterinary Record, 156:442-446, 2005.

Investigacdo Cientifica e Técnica em Medicina Veterinaria 2



Acidose Ruminal 114, 115, 117, 118, 119, 122, 123, 124, 125, 127

Alteracdes 47, 89, 102, 112, 126, 140, 149

Alteracées Congénitas 151

Amazona Aestiva 61, 62, 66, 69, 71, 74, 85

Analgesia Multimodal 25, 30

Atuacao do Farmacéutico 86, 87, 88, 95

Avaliagcdo Hematologica 129, 130, 131, 139

Aves 61, 62, 63, 69, 70, 71, 72, 73, 74, 81, 82, 83, 84, 85, 91, 131, 135, 136, 137, 138, 139, 140

Bem-estar Animal 40, 41, 49, 52, 82, 139
Big Data 41

Caes 1,2,4,5,6,9,10,11, 12,13, 14, 16, 17, 18, 19, 21, 22, 23, 29, 31, 32, 33, 34, 36, 38, 57,
76,77,78,79, 89, 90, 92,94, 95,102, 104, 105, 107, 108, 112, 141, 142, 143, 144, 146, 148, 149,
151, 154, 158, 160, 162, 164, 166, 167, 168, 169, 170, 172, 177, 178, 179, 186, 187, 188, 190,
193, 194, 195, 196, 197, 199, 201

Caninos 2,4,5,6,9, 12,13, 14, 15,17, 18, 19, 20, 59, 161, 162, 181

Caprinos 74, 115, 116, 117, 118, 121, 122, 125, 126, 127, 128, 181

CCEs 180, 181

Cirurgia 21, 27, 28, 59, 113, 154, 156, 157, 159, 160, 163, 171, 174, 182, 189, 190, 192, 193
CitationID 46

Citologia 104, 105, 106, 157, 158, 162, 163, 164, 166, 171, 175, 184, 187, 196, 198, 199, 202, 203
Cultura de Células 196, 197

Cutaneo 104, 105, 106, 107, 108, 141, 156, 160, 167, 179, 182, 186, 187

Desvio Cardiaco 151

Diafragma 5, 6, 8, 109, 110, 112, 113

Diagnostico 1, 2,12, 13, 14, 15,17, 18, 19, 20, 21, 22, 35, 56, 76, 78, 151, 154, 167, 178, 186
Diagnostico por Imagem 1, 2, 3, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 56, 151

Distocia 56, 59

Dreno 156, 158

Investigacdo Cientifica e Técnica em Medicina Veterinaria 2



Ehrlichia Canis 76, 77, 79, 80

Eletroquimioterapia 163, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 182, 183,
184, 185, 186

Endocrinologia 141, 148, 205

Endoparasites 62

EQT 172,173, 174, 180, 181, 182, 183

Erliquiose 76, 77, 78, 79, 80

Estabilidade Hemodinamica 25, 33

Estresse Térmico 41, 43, 44, 45, 46, 47

Farmacia de Manipulagao Veterinaria 86, 87, 91

Felinos 2, 4,5, 6,9, 11,12, 13, 14, 15, 17, 18, 20, 22, 23, 94, 112, 178, 180, 181, 182, 187, 193
Fluido Ruminal 115, 118, 119, 122, 123, 124

Frangos de Corte 73, 129, 130, 131, 132, 133, 134, 136, 139, 140

Gato 5, 21, 146, 147, 154, 167, 180, 187, 189, 190, 193
Gemelaridade 56

Hemaglutinacéo 35, 36, 37, 38, 39

Hematologia 76, 81, 82, 83, 84, 85, 139, 140, 142

Hemograma 26, 78, 81, 82, 104, 106, 129, 133, 145, 148, 157, 164, 166, 172
Hemoparasitose 77

Hérnia 20, 109, 110, 111, 112, 113

Herniorrafia 109, 111

Hiperadrenocorticismo 141, 142, 143, 144, 145, 146, 147, 148, 149
Histopathology 97, 149

Implante 190, 191, 192

Individualizacdo de Medicamentos 87, 89
Infusdo Continua 24, 25, 26, 29, 30, 32, 33, 34
Instalacbes 40, 41, 42, 47, 48, 51, 52, 54, 121
Isolamento Viral 35, 36, 37

Investigacdo Cientifica e Técnica em Medicina Veterinaria 2



Leishmaniose Visceral Canina 196
Leite 39, 47, 114, 115, 116, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,172, 173, 174, 179
Linfoma Cutaneo 104, 105, 106, 107, 108

Mebendazole 62

Necropsy 97, 99, 100

Neoplasia 104, 138, 181

Neoplasia Maligna 104, 180, 181

Nédulos 6, 9, 11, 104, 106, 107, 160, 177, 183

Ortopedia 190

Parvovirose 35, 36, 38, 39
Pequenos Animais 2, 4, 9, 20, 22, 34, 76, 90, 109, 113, 143, 144, 146, 149, 154, 155, 160, 167,
186

Quimioterapia 107, 108, 157, 160, 162, 163, 164, 165, 166, 167, 168, 171, 172, 173, 174, 175,
177,182, 185

Radiologia 2, 3, 4, 21, 22, 154
Retalho de Avanco 155, 156, 157, 158, 159, 160
Rhipicephalus Sanguineus 76, 77, 79

Saude Unica 196

Serpent 97

Smart Farming 41, 51, 54

Soro de Leite 114, 115, 116, 119, 120, 121, 122, 123, 124, 125, 126, 127

Investigacdo Cientifica e Técnica em Medicina Veterinaria 2



TIVA 25, 26, 33

Térax 2,4,5,6,7,11,12,13, 14,19, 20, 21, 59, 110, 112, 113, 150, 151, 152, 153, 157
Trauma 82, 109, 110, 112, 113

Tumor Venéreo 161, 162, 164, 167, 168, 169, 170, 178, 179

TVT 161, 162, 163, 164, 166, 167, 168, 169, 170, 171, 172,174, 175, 177, 179

Ultrassonografia 21, 56, 57, 58, 154

Vincristina 161, 163, 164, 166, 169, 170, 171, 172, 174, 175, 177

Wild Animals 73, 97, 98

Investigacdo Cientifica e Técnica em Medicina Veterinaria 2



Investigacao Cientifica e
Técnica em Medicina
Veterinaria 2

www.atenaeditora.com.br &
contato@atenaeditora.com.br e
@atenaeditora
www.facebook.com/atenaeditora.com.br g3

Atena

Editora

Ano 2020



Investigacao Cientifica e
Técnica em Medicina
Veterinaria 2

www.atenaeditora.com.br &
contato@atenaeditora.com.br g
@atenaeditora
www.facebook.com/atenaeditora.com.br g3

Atena

Editora

Ano 2020





