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RESUMO

A ehrlichiose monocitica canina (EMC) é uma enfermidade causada pela bactéria Ehrlichia
canis, mundialmente difundida, principalmente em regides de clima quente devido a macica
presenca de seu vetor, o carrapato Rhipicephalus sanguineus. A miocardite infeciosa em cées
é comprovada por estudos histopatoldgicos na ehrlichiose monocitica canina em fase crénica.
Estudos anteriores demonstraram arritmias associadas a miocardite em cdes com EMC na
fase cronica, porém os estudos relacionados as afec¢bes cardiacas na EMC durante a fase
agudas sdo escassos. O presente estudo teve como objetivo avaliar as alteracdes cardiacas
elétricas e a variabilidade da frequéncia cardiaca no dominio do tempo e da frequéncia em
cdes com ehrlichiose monocitica aguda. Foram avaliados 22 animais divididos em dois
grupos: grupo controle (GC) composto por 10 cdes saudaveis e grupo doente (GD), composto
por 12 cédes infectados naturalmente por ehrlichiose, apresentando sinais clinicos e
hematoldgicos da doenca na fase aguda. Foi realizado eletrocardiograma convencional,
eletrocardiograma ambulatorial Holter, afericdo da presséo arterial sistémica, hemograma e
analises bioquimicas (uréia, creatinina, ALT, FA e GGT). Os resultados encontrados no GD
demonstraram predominio da atividade do sistema nervoso autbnomo simpatico sobre o
parassimpatico com aumento da frequéncia cardiaca média e diminuicdo dos indices de
variabilidade da frequéncia cardiaca no dominio do tempo e da frequéncia. Quanto ao ritmo
cardiaco, 58,33% dos animais apresentaram taquicardia sinusal predominante. Ndo foram
observadas arritmias de repercussdo hemodinadmica significativa durante a monitoracdo dos
animais em ambos o0s grupos. A pressdo arterial sisttmica média diferiu entre os grupos
estudados. As concentracdes séricas de ureia, creatinina, FA, ALT, GGT estavam dentro dos
valores de referéncia para a espécie. Ndo foram encontrados dados que comprovem que na
fase aguda houve tempo de evolucdo suficiente da doenca para causar danos que tenham
como consequéncias arritmias, assim como ocorre na fase cronica, apesar disso, houve

diminuicdo dos indices de variabilidade da frequéncia cardiaca nos animais doentes.

Palavras-chave: VFC, tonus autonémico, cées, miocardite
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ABSTRACT

Canine monocytic ehrlichiosis (CME) is a disease caused by the bacteria Ehrlichia canis,
which is widespread worldwide, especially in hot climates due to the massive presence of its
vector, the tick Rhipicephalus sanguineus. The infectious myocarditis in dogs is confirmed by
histopathological studies on canine monocytic ehrlichiosis in the chronic phase. Previous
studies have demonstrated arrhythmias associated with myocarditis in dogs with chronic
phase EMC, but studies related to heart conditions in acute phase EMC are scarce. The
present study aimed to evaluate cardiac changes and heart rate variability in time and
frequency domain. Twenty-two animals were divided into two groups: a control group (CG)
composed of 10 healthy dogs and a sick group (DG), composed of twelve dogs naturally
infected by ehrlichiosis, presenting clinical and haematological signs of the disease in the
acute phase. A conventional electrocardiogram, Holter ambulatory electrocardiogram, blood
pressure measurement, blood count and biochemical analyzes (urea, creatinine, ALP, ALT,
and GGT) were performed. In GD, the predominance of sympathetic autonomic nervous
system activity on the parasympathetic was observed, with an increase in mean heart rate and
a decrease in heart rate variability indexes in time and frequency domain. As to heart rate,
58.33% of the animals presented predominant sinus tachycardia. No significant clinical
repercussion arrhythmias were observed during the monitoring of the animals in both groups.
The mean systemic blood pressure differed between the groups studied. Serum concentrations
of urea, creatinine, ALP, ALT, GGT were within the reference values for the species. No data
were found to confirm that in the acute phase there was enough time for the disease to cause
damage that would have arrhythmias, as it does in the chronic phase. However, there was a

decrease in heart rate variability in sick animals.

Key words: heart rate variability, autonomic ténus, dogs, myocarditis
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INTRODUCAO

A Ehrlichiose Monocitica Canina (EMC) ¢ altamente endémica no Brasil e no mundo
(excetuando-se a Australia), estima-se que cerca de 20% dos cées atendidos em clinicas e
hospitais veterinarios apresentem a doenca (LABARTHE et al., 2003). Atualmente,
inquéritos soroepidemiol6gicos exibem valores que variam entre 35 e 50% na ocorréncia
de cdes sororreagentes para Ehrlichia spp (VIEIRA et al., 2011; SANTAREM e
AGUIAR, 2016). A EMC, causa grandes prejuizos a saude dos cées. Esforcos sdo feitos
diariamente para controlar essa enfermidade, no entanto, sem sucesso, principalmente
devido ao vetor artropode estar amplamente disceminado por todo o planeta, ser de dificil
controle, ndo existir uma profilaxia adequada e 0s animais ndo adquirirem protecao
imunoldgica ap6s o primeiro contato com a doenga (LABARTHE et al., 2003)

As doencas infecciosas em geral causam alteracGes cardiacas em cées. A infec¢do por
E. canis estd associada a uma possivel causa de lesdes miocardicas em cées
(KITTLESON, 1998). Sabe-se que ha hemorragia endocérdica e epicardica, no entanto,
ainda ndo estd completamente elucidado se estas lesbes sdo primaérias, pela agdo do
agente, ou secundaria a coagulacdo intravascular disseminada ou sindrome da resposta
inflamatoria sistémica que acomete animais em quadros graves da doenca (PRICE e
SAYER, 1983).

Foram observadas arritmias importantes e aumento da troponina cardiaca do tipo |
(cTnl) em 35% dos animais infectado por E. canis por DINIZ (2008) e, FILIPPI (2016),
observou 45% de arritmias em animais infectados por E. canis na fase crénica da doenca,
com aumento de troponina cardiaca | concomitante, nos animais com quadros arritmicos
mais graves. SANCHES (2015), em estudo histopatoldgico do coracdo de caes infectados
por E. canis, na fase crbnica, observou alteracdes vasculares em 68,75% dos pacientes,
como petéquias equimoticas em atrio, endocérdio e pericardio, condizentes com a
presenca de vasculite intensa e edema, congestdo, hemorragia, necrose, infiltrados
neutrofilico, linfocitério, linfoplasmocitario e plasmocitério.

O presente estudo teve por objetivo, investigar as alteracdes eletrocardiograficas
identificadas pelos métodos convencional computadorizado e holter em cées infectados

naturalmente por E. canis na fase aguda.



1. REVISAO DE LITERATURA

A Ebhrlichiose Monocitica Canina foi descrita pela primeira vez durante a segunda
guerra mundial, e desde entdo, vem sendo observada em diversas regides do mundo
(MATTHEWMAN et al., 1993; PRETORIUS e KELLY, 1998; BATMAZ et al., 2001;
SUTO et al., 2001, SANTAREM e AGUIAR, 2016).

A transmissdo ocorre por um vetor artrépode, o carrapato Rhipicephalus sanguineus,
sendo a contaminacdo deste, transestadial (COHN, 2003), podendo infectar um animal
susceptivel por pelo menos 155 dias (GROVES et al., 1975), tendo como reservatorios
naturais, canideos silvestres e domésticos (EVERMANN et al., 2012).

A EMC ¢ subdividida em trés fases: aguda, subclinica e crbnica. A fase aguda
caracteriza-se periodo em que 0 microorganismo dissemina-se pelos &rgaos,
principalmente linfonodos, baco e figado até atingir endotélio vascular, pulméo, rins e
meninges e tem duracdo média de duas a quatro semanas. Os sinais clinicos
apresentados pelo animal sdo inespecificos, como apatia, anorexia, vomitos, febre,
descarga nasal e ocular, perda de peso, lesdes oculares, linfadenopatias e
hepatoesplenomegalia (SYKES, 2010). Na fase aguda as alteracdes hematoldgicas
observadas sdo anemia normocitica normocrémica discreta, leucopenia discreta ou
contagem normal de leucdcitos, trombocitopenia intensa (HARRUS, 2015;
SANTAREM e AGUIAR, 2016).

A fase subclinica caracteriza-se pela auséncia de sinais clinicos, trombocitopenia
persistente, variavel leucopenia com duracdo média de seis a nove semanas (SYKES,
2010; SANTAREM e AGUIAR, 2016).

Na fase cronica, os sinais clinicos variam de brandos até graves. O mais observado € a
pancitopenia (anemia intensa somada a leucopenia e trombocitopenia) associada muitas
vezes com mielossupressao, linfocitose e plasmocitose, podendo haver hemorragias,
perda de peso, debilidade, alteracdes oftalmicas, polidria, polidipsia, sinais neuroldgicos
compativeis com meningoencefalite, polimiosite e edema (SANTAREM e AGUIAR,
2016). As alteragdes bioquimicas observadas nessa fase incluem hipoalbuminemia,
hiperglobulinemia normalmente relacionada a uma gamopatia monoclonal ou
policlonal, aumento da atividade das enzimas alanina aminotransferase (ALT) e da
fosfatase alcalina (FAL), proteindria e menos frequente, aumento da concentracdo de
uréia sérica (SYKES, 2010; HARRUS, 2015).



O diagnostico da enfermidade € realizado associando-se achados clinicos, laboratoriais
e epidemioldgicos com a identificagio molecular da bactéria, realizado através da
reacdo em cadeia da polimerase (PCR) em duas etapas, nested PCR, de sangue total
colhido em tubo com EDTA (HARRUS e WANER, 2011).

O tratamento preconizado pela American College of Veterinary Internal Medicine
(ACVIM) em 2002 é a Doxiciclina 10 mg/kg a cada 24 horas, por via oral ou
endovenosa, durante 28 dias (NEER et al., 2002). No Servico de Enfermidades
Infecciosas da FMVZ- UNESP- Campus Botucatu, o protocolo instituido para o0s
animais acometidos com a doenca é Doxiciclina 15 mg/kg a cada 24 horas, por via oral
ou endovenosa, com duracio de 30 dias (SANTAREM e AGUIAR, 2016).

A infeccdo por E. canis esta associada a uma possivel causa de lesdes miocardicas em
cdes (KITTLESON, 1998). Sabe-se que hd hemorragia endocardica e epicardica, no
entanto, ainda ndo esta completamente elucidado se estas lesfes sdo primarias, pela agdo
do agente, ou secundarias a coagulacdo intravascular disseminada ou sindrome da
resposta inflamatoria sistémica que acomete animais em quadros graves da doenca
(PRICE e SAYER, 1983).

Em humanos a ehrlichiose monocitica humana (EMH) causada pela bactéria Ehrlichia
chafensis, pode causar miocardite aguda em casos graves, principalmente em pacientes
imunossuprimidos (HAVENS et al., 2012). Alteragbes semelhantes, como miocardite,
endocardite e arritmias foram encontradas em animais infectados por Bartonella
vinsonii subspécie berkhoffii e espécies de alfa proteobactérias, como Erlichia canis e
protozoéarios como Babesia canis e Babesia gibsonii, diagnosticados pela técnica de
PCR no sangue e em tecidos (BREITSCHWERDT et al., 1999).0 comprometimento
cardiovascular provocado pelas doencas infecciosas como a erliquiose, € 0s possiveis
sinais clinicos como as arritmias podem ser visualizados por eletrocardiografia (ECG).

O ECG é um exame complementar utilizado na avaliacdo clinica, com diferentes
objetivos, tais como avaliacdo pré-operatdria, suspeita de distdrbios eletroliticos e
avaliacdo de diferentes afeccBes cardiacas, primarias ou secundarias (NETO et al.,
2006; CARVALHO et al, 2009; PASCON et al, 2010). Pelo exame
eletrocardiografico, € possivel identificar arritmias e distdrbios de conducéo elétrica
(MONTENEGRO et al., 2002). Informacdes adicionais, como sobrecarga de volume em
camaras cardiacas e presenca de efusdes pericardica ou pleural, sdo obtidas a partir das

medidas das ondas e segmentos do tracado eletrocardiografico do animal em repouso



(SELK GHAFFARI, et al., 2009). O ECG padrédo € o exame mais empregado na rotina
cardioldgica para diagndsticos de arritmias, porém é preconizada uma monitoracdo de
aproximadamente dois minutos, o que corresponde a uma pequena porcentagem do dia
(0,14%). Isso torna o exame sensivel a arritmias continuas ou frequentes, como
fibrilagbes e complexos prematuros, porém em casos de arritmias ocasionais ou
observadas somente durante atividades fisicas diarias, sua sensibilidade é reduzida
(PASTORE, 2008).

A prevaléncia de alteracdes eletrocardiograficas espontaneas (arritmias e distarbios de
conducdo) em cdes sem doenca cardiaca é cerca de 0,55% (PATTERSON et al., 1961).
Segundo DINIZ et al. (2008) 35% dos animais naturalmente infectados por E. canis
possuiam alteracGes eletrocardiograficas, variando entre moderadas a graves, como
complexos ventriculares prematuros, taquicardia supraventricular, taquicardia sinusal,
ondas T altas e bloqueios do ramo direito do feixe de His, sendo as duas primeiras as
associadas a elevacdo de Troponina cardiaca do tipo | (cTnl); 45% dos animais com
EMC na fase crbnica apresentaram arritmias combinada com aumento de troponina
cardiaca | nos animais com quadros arritmicos mais graves no estudo realizado por
FILIPPI (2016). Embora os estudos eletrocardiograficos tenham descrito a presenca de
arritmias em cdes com erliquiose, a monitorizagao continua por holter e a quantificacéo
das possiveis arritmias e disturbios de condugdo, ndo foram totalmente investigados,
particuarmente na fase aguda da doenca.

A monitoracdo eletrocardiografica ambulatorial ou método Holter € um exame
complementar simples, ndo invasivo e de grande importancia na rotina da clinica de
pequenos animais, principalmente para identificar e quantificar arritmias e para
instituicdo de um tratamento antiarritmico. E realizada por exame eletrocardiografico de
longa duragédo, em que o paciente permanece com um gravador que registra a atividade
elétrica cardiaca durante as atividades diérias. Baseado nos tragados obtidos é possivel
ndo apenas avaliar as caracteristicas normais e anormais do eletrocardiograma, como
também a modulacdo do sistema nervoso autbnomo no coragcdo, por meio da
variabilidade da frequéncia cardiaca (MARAES, 2011).

As indicacbes para a realizacdo do Holter sdo diversas, tais como diagnéstico de
arritmias intermitentes ndo identificadas no eletrocardiograma convencional, correlacédo
dos sinais clinicos como sincopes e convulsdes ou do periodo do dia, com a ocorréncia

de arritmias. A eletrocardiografia dindAmica também pode ser utilizada para verificacao



da necessidade de instituir ou ndo uma terapia antiarritmica, avaliacdo de sua eficacia,
diagnostico de cardiomiopatias ocultas, principalmente a cardiomiopatia dilatada e
arritmogénica (OLIVEIRA et al., 2012).

O relatério dos eventos ocorridos durante o exame de Holter é descritivo tanto
qualitativamente como quantitativamente, constando principalmente o ritmo de base, a
avaliacdo da conducdo atrial, atrioventricular e ventricular, a analise das extrassistoles, a
relacdo dos achados eletrocardiograficos com os dados contidos no diario de atividades
do paciente (LORGA FILHO et al., 2013).

Fornece também dados sobre a variabilidade da frequéncia cardiaca, que consiste na
estimativa com base em célculos matematicos da variacdo que ocorre no automatismo
do coracdo a cada batimento, levando em consideracdo as distancias entre ondas R
normais (distancia RR ou NN), ou seja, entre batimentos cardiacos regulares
(MARAES, 2010; TONELLO et al., 2014), que sdo dependentes da geracdo de
impulsos de despolarizacdo involuntaria no nodo sinusal comandadas pelo sistema
nervoso autbnomo, sendo o que sustenta os batimentos cardiacos. O sistema nervoso
autbnomo simpatico, mediado pela acdo da adrenalina e da noradrenalina, promove
elevacdo da frequéncia de despolarizagdes, enquanto o sistema nervoso auténomo
parassimpético, mediado pela acetilcolina e pela acdo do nervo vago, diminui. A
frequéncia cardiaca é resultante, portanto, do balanco autondmico entre os sistemas
(TILLEY, 1992; KITTLESON, 1998; MARAES, 2010), sendo a ativacdo
parassimpatica a que predomina em situacfes de repouso (MALIK et al., 1996). A
variabilidade da frequéncia cardiaca avalia justamente o equilibrio autonémico, ou seja,
a maneira que esta se comporta durante as diferentes fases do dia, principalmente
durante o estado de sono e vigilia (CALVERT, 1998).

O calculo dos indices de VFC podem ser realizados de duas maneiras, no dominio do
tempo e/ou da frequéncia. O primeiro considera calculos estatisticos obtidos sobre
intervalos RR normais e o segundo, se baseia nas frequéncias cardiacas sendo
transformadas em poténcia, para analise no poder espectral (CALVERT 1998).

Na analise do dominio do tempo, as variaveis estudadas sdo diversas, representadas
pelo valor médio dos intervalos NN (NNmédio), desvio padréo entre todos os intervalos
NN (SDNN), indice que representa a variabilidade global da VFC e reflete todos os
componentes de longa duracdo e ritmos circadianos. O desvio padrdo dos valores

médios de intervalo NN obtidos a cada 5 minutos (SDANN), reflete as variacfes devido



a ciclos mais longos que cinco minutos; a média dos desvios padrdo entre intervalos NN
obtidos a cada 5 minutos (SDNNindex) reflete a variacdo dos ciclos mais curtos que
cinco minutos; a raiz quadrada da média entre as diferencas ao quadrado dos intervalos
NN consecutivos (RMSSD) é um componente de curta duracdo da VFC que representa
a atividade do nervo vago e porcentagem de intervalos consecutivos maiores que 50 ms
(pPNN50) (CALVERT, 1998; OLIVEIRA et al., 2012; MONTEZE, 2014).

Os indices SDNN, SDANN, SDNNindex analisam variacdes entre batimentos a longo
prazo. Sao Uteis para avaliar ambos os sistemas (simpatico e parassimpatico), no entanto
ndo é possivel distinguir a partir deles, se a diminuicdo da VFC é devido a um aumento
do ténus simpético ou uma diminuicdo do tonus parassimpatico. J& os indices RMSSD e
PNN50 sdo varidveis que levam em consideracdo alteracbes curtas e rapidas entre
intervalos RR adjacentes, sendo possivel avaliar a partir desses valores a acgédo
parassimpatica (tonus vagal) e a respiracdo (GOODWIN, 1998; MALIK, 1996;
MARAES, 2010).

No dominio da frequéncia, a variabilidade da frequéncia cardiaca é analisada
conforme sua oscilacdo periddica em frequéncias diferentes durante o exame. A
obtencdo desses dados basicamente é realizada pelo método de densidade de poténcia
espectral e envolve calculos matematicos complexos (VANDERLEY, 2009)

A VFC no dominio da frequéncia é dividida, em dois grupos, um componente de alta
frequéncia ou high frequency (HF) compreende mudancas que ocorrem na faixa de 0,15
a 0,4 Hz que esta relacionado com a atividade parassimpatica sobre o coragdo; e um
componente de baixa frequéncia ou low frequency (LF) compreende mudancas que
ocorrem na faixa de 0,04 a 0,15 Hz e estdo relacionados com ambas as atividades
simpatica e parassimpatica, com predominio da atividade simpatica. A relacdo entre os
dois componentes de baixa e alta frequéncia (LF/HF) fornece informaces valiosas a
respeito do balanco autondmico (CALVERT, 1998; VANDERLEY, 2009; MARAES,
2010).

Em humanos esses indices sdo utilizados, na deteccdo do risco de eventos
cardiovasculares precoces como a insuficiéncia cardiaca congestiva, mas ndo o
suficiente para acarretar sinais clinicos (MARAES, 2010). Nessa fase, ja ocorre
alteracdo no controle autondémico, promovendo um aumento da frequéncia cardiaca
devido ao aumento do tbnus simpatico e diminuicdo do tdnus parassimpatico, e

consequentemente uma diminuicdo da variabilidade da frequéncia cardiaca. Também ¢é



usada como marcador prognéstico em pacientes que sofreram infarto agudo do
miocardio (BARROS E BRITO 2005).

Na Medicina Veterinaria, estudos recentes em cdes demonstraram que os indices de
VVFC no dominio do tempo apresentavam — se diminuidos em animais com cardiopatias
em fases avancadas de doenca degenerativa cronica valvar mitral e cardiomiopatia
arritmogénica do ventriculo direito. Em animais obesos, escore corporal 8 e 9, também
foi observado diminuicdo significativa dos indices de VFC no dominio do tempo
(CHAMAS, 2011;MAZINI, 2013; NAVARRETE, 2013; RASMUSSEN et al., 2014).
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2.0BJETIVOS GERAIS

O presente estudo teve como objetivo avaliar as alteracdes eletrocardiograficas pelos
metodos convencional computadorizado e Holter em cées naturalmente infectados por

ehrlichiose em fase aguda.

Objetivos especificos:

Avaliar a variabilidade da frequéncia cardiaca dos animais
Correlacionar os achados de VFC com parametros clinico laboratoriais na forma

aguda da doenca.

11



3. Hipoteses

- A ehrlichiose em fase aguda tem carater arritmogénico assim como o apresentado na
fase crénica

- Espera-se gque na fase aguda da doenca, alteragfes precoces na VFC ja ocorram, em
decorréncia do processo cardiovascular que se instala.

- Os achados eletrocardiograficos se correlacionam com os sinais clinicos
apresentados pelos animais

- A EMC em fase aguda promove alteracdes eletrocardiograficas

12
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Section 1

Trabalho a ser enviado para Ticks and Tick-borne diseases

CONVENTIONAL AND HOLTER
ELECTROCARDIOGRAPHIC ASSESSMENT IN DOGS
INFECTED NATURALLY WITH ACUTE CANINE
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Abstract

Canine monocytic ehrlichiosis (CME) is a disease of worldwide distribution caused by
the bacteria Ehrlichia canis, appearing primarily in regions with hot climates due to the
massive prevalence of its vector, the tick Rhipicephalus sanguineus. Previous studies have
shown that dogs afflicted by CME in the chronic phase can develop infectious myocarditis,

arrhythmias, and changes in heart rate variability, but few studies are correlating cardiac
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diseases with the acute phase of CME. This study aims at assessing electric cardiac alterations
and the heart rate variability in the time and frequency domains in the acute phase of CME.
The study assessed 22 animals divided into two distinct groups: the control group (CG)
comprised by ten healthy dogs, and the sick group (SG), comprised of 12 dogs infected
naturally with ehrlichiosis and presenting clinical and hematological signs of the acute phase
of the disease. The animals underwent conventional and Holter electrocardiographic
evaluations, systolic blood pressure measurement, full blood count and biochemical assays
(urea, creatinine, ALT, AP, and GGT). The SG presented higher activity in the sympathetic
autonomic nervous system than in the parasympathetic autonomic nervous system, a
significant increase in the mean heart rate and a reduction in the heart rate variability indexes
in the time and frequency domains. The frequency-domain HRV indexes presented a
sympathetic prevalence during the sleep and vigilance states. Sinusal tachycardia was the
predominant heart rhythm in 58.33% of the animals. The mean systolic blood pressure
diverged between the groups and no significant arrhythmias with clinical repercussions were
observed during monitoring. The serum concentrations of urea, creatinine, AP, ALT, and
GGT were within the established reference values for the species. No data was found proving
that there had been enough time in the acute phase for the disease to evolve in a way that
caused arrhythmias, as is common in the chronic phase, but the results have shown that in this

phase the animals already present reduced heart rate variability indexes.

Keywords: HRV, autonomic tonus, dogs, myocarditis.

15



61
62

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

Introduction

Canine Monocytic Ehrlichiosis (CME) is an infectious disease of variable severity caused
by the bacteria Ehrlichia canis, a gram-negative intracellular bacteria of the Anaplasmataceae
family present in the cells of the mononuclear phagocytic system of infected dogs (Dumler et
al., 2001; Evermann, Sellon, Sykes, 2012). CME represents a great health hazard for dogs and
efforts are undertaken on a daily basis to control the disease, though most are unsuccessful
due to the widespread distribution of the arthropod vector, the lack of adequate prophylaxis
and the fact that animals do not develop immunity after their first contact with the disease
(Santarém & Aguiar, 2016).

Infections by E. canis are associated with myocardial injuries in dogs (Kittleson, 1998). It
is known that there is endocardial and epicardial bleeding, but it remains unknown whether
these injuries are primary, caused by the agent, or secondary to the widespread intravascular
clotting or to the systemic inflammatory response syndrome that afflicts animals in severe
cases of the disease (Price & Sayer, 1983).

Histopathological examination of the hearts of dogs infected by E. canis in the chronic
phase of the disease often reveal vascular alterations, such as ecchymotic petechiae in the
atrium, endocardium and pericardium, in line with cases of severe vasculitis and edema,
blockage, hemorrhage, necrosis, neutrophilic infiltrate, lymphocytic infiltrate,
lymphoplasmacytic infiltrate and plasmacytic infiltrate (Sanches, 2015).

Recent studies in dogs have shown that the time-domain heart rate variability (HRV)
indexes were lower in cardiopathic animals in advanced stages of chronic degenerative mitral
valve disease and arrhythmogenic cardiomyopathy in the right ventricle. Obese animals, with
body condition scores of 8 or 9, not afflicted by heart diseases also presented a significant
reduction in the time-domain HRV (Chamas, 2011; Mazini, 2013; Navarrete, 2013;
Rasmussen et al. ,2014).

This study aims at determining clinical, hematological and biochemical parameters in 12
dogs infected naturally by E. canis in the acute phase of the disease and assess the autonomic
nervous system activity through time-domain and frequency-domain HRV indexes since some
early alterations are expected in the HRV due to the established cardiovascular process. Also,

the study aims at observing if animals in the acute phase of CME present the same arrhythmic
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events observed in the chronic phase and correlating the electrocardiographic findings and

HRV indexes with the clinical signs presented by the sick animals.

Materials and methods

This study was conducted by observing the ethical guidelines for animal health and
experimentation after obtaining written consent from the owners. It was approved by the
Ethics Commission for Animal Experimentation at UNESP — FMVZ — Botucatu, Brazil under
protocol no. 108/2016.

Animals and experimental design

The study employed 12 dogs admitted in the Infectious Diseases Outpatient Clinic at the
Department of Veterinary Hygiene and Public Health of the Veterinary Hospital maintained
by the School of Veterinary Medicine and Animal Sciences (FMVZ, Faculdade de Medicina
Veterinéria e Zootecnia) at UNESP, Botucatu, Brazil, with the diagnosis of ehrlichiosis
confirmed by nested PCR.

The inclusion criteria for the study included history of ectoparasitic infestations,
hematological alterations in line with the clinical profile of the acute phase of the disease,
such as thrombocytopenia below 160,000 cells/mL (Schalm, O.W. et al., 1986) and blood
CRP assay positive for Ehrlichia canis at the time of admission.

The exclusion criteria were heart murmurs exceeding grade 11/VI1 during the physical
examination and/or pre-existing cardiovascular alterations, such as myxomatous degeneration
of the mitral valve with hemodynamic repercussions in the heart chambers, animals that
underwent cardiac resuscitation within 90 days before admission or animals presenting
anemia with globular volume below 30 and/or leukopenia below 4,000 leukocytes/uL of
blood, as well as any comorbidities resulting in cardiac arrhythmias of extra-cardiac origin,
such as neoplasms or other infectious diseases, and history of treatment with cardiotoxic
drugs.

The control group (CG) was comprised of 10 clinically healthy animals volunteered by
their owners in the city of Botucatu, SP, Brazil, with weight and other overall characteristics
similar to the animals in the sick group. All animals in this group had negative tests for E.
canis.

All 22 animals underwent the following examinations in the presented order:

measurement of arterial blood pressure, physical examination, accurate cardiopulmonary

17



126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

auscultation and Doppler echocardiogram, blood tests, 5-minute conventional ECG and 24-
hour Holter monitoring. Animals in the control group with abnormal results in any

examination were excluded from the study.

Clinical and laboratory examinations

Physical examination

Anamnesis and physical examination with accurate cardiac and pulmonary auscultation,
measurement of heart rate (HR) and respiratory rate (RR), abdominal palpation, capillary
refill time (CRT), determination of hydration and temperature levels, assessment of the color

of the mucosae and lymph node palpation.

Determination of systemic blood pressure

The arterial blood pressure was measured in a non-invasive way with a vascular Doppler
test to detect arterial blood flow (Doppler Parks model 811-B). Measurements were conducted
by the techniques employed (Haberman et al., 2006; Brown et al., 2007; Tebaldi et al., 2012).
Five measurements were taken from each animal, and the mean was considered the systolic
blood pressure for that particular animal. The reference values for dogs and cats have an
upper threshold of 150 mmHg (Brown, S. et al., 2007).

Laboratory tests

Five milliliters of blood was collected from each animal through jugular puncture with
disposable syringes after proper asepsis. The material was immediately stored in two tubes,
one containing EDTA-K2 for hematological and molecular assays and the other containing a

coagulation activator gel for biochemical assays.

Molecular diagnosis
The molecular diagnosis was conducted through Polymerase Chain Reaction (PCR) in a
private laboratory (VETDNA, Botucatu, Brazil). The technique employed to detect Ehrlichia

canis was the nested PCR method, as described in the literature (Wen et al., 1997).
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Conventional Electrocardiogram

The animals underwent an electrocardiogram for five minutes in a computer-based
electrocardiograph employing the software Modulo de Aquisicdo de ECG para Computador
(ECG —PC 3.1 - Tecnologia Eletronica Brasileira - TEB) without anesthesia or sedation.

The examination was conducted in lateral decubitus following a technique described in
the literature (Edwards, 1987; Tiley, 1992). The analysis was conducted in a standard 10-lead
ECG (1, II, 1, aVR, aVL, aVF, rv2, V2, V4 e V10) for five minutes. Analysis of wave
amplitude (mV) and duration (ms) was conducted on lead Il. Base rhythm, HR and the mean
electrical axis of the QRS complex were also determined (Tilley, 1992). Rhythm and

conduction disorders were described and classified separately.

Holter

After the conventional electrocardiographic examination, the animals underwent 24-hour
electrocardiographic monitoring with a Cardiolight digital device (Cardios, Séo Paulo,
Brasil). The data were registered in three channels (C1, C2, and C3) and stored in an SD card.
The device was set, after proper epilation of the thoracic region, in the dorsoventral region,
near the 5™ intercostal space. The data was recorded for 24 hours, during which the patient’s
owner kept a diary describing the animal’s activities to establish possible correlations between
these activities and any alterations observed in the data.

The data collected was analyzed in a computer with device’s software (Software
CardioSmart 550, SP, Brasil), which visualized and pre-interpreted the images. Since the
device was developed for use in humans, all events were verified with higher precision. The

acceptable threshold for artifacts was 1%.

Heart Rate Variability (HRV)

The time-domain HRV indexes analyzed in this study were: the standard deviation of all
RR intervals (SDNN), the standard deviation of the average RR interval calculated every five
minutes (SDANN), the mean of the standard deviation of RR intervals calculated every five
minutes (SDNN INDEX), the square root of the mean of the squares of adjacent RR intervals
(rMSSD) and the rate of differences exceeding 50 ms between adjacent RR intervals
(PNN50). The frequency-domain indexes analyzed were: high frequency (HF), measured in
ms? and n.u.; low frequency (LF), measured in ms2 and n.u.; very low frequency (VLF) and

the ratio between high frequency and low frequency (LF/HF).
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Statistical analysis

Data normality was assessed through the Shapiro-Wilk test. The quantitative data
analyzed were systemic blood pressure, the electrocardiographic parameters and the time-
domain and frequency-domain heart rate variability indexes. The independent-samples t-test
was conducted for parametric variables, and the Mann-Whitney test was conducted for non-
parametric variables to detect statistically significant differences between the sick group (SG)
and the control group (CG), with P < 0.05 considered significant for differences between the
groups. Correlations between the clinical and laboratory parameters were conducted
according to data normality through the Pearson and Spearman correlation methods. All

analyses were conducted with the SigmaStat 3.1 statistics software.

Results

Animals

Of the 12 sick animals examined, five were male and seven were female, while 50% (n =
6/12) were purebred (Yorkshire Terrier, Poodle, Australian Cattle Dog, Labrador Retriever
and Beagle) and the other 50% (n = 6/12) were mixed breeds. The average age and weight of
the animals were 5.2 years-old (0.8 — 10 years-old) and 18 kg (2.3 — 43 kg) respectively. Of
the 10 animals in the control group, five were male and five were female, while 70% (n =
7/10) were purebred (Labrador Retriever, Cocker Spaniel, Yorkshire Terrier, Border Collie,
Pitbull, German Shepherd and Australian Collie) and the remaining 30% (n = 3/10) were
mixed breeds. The average age and weight of the animals were 1.5 years-old (0.75 — 5 years
old) and 23.01 kg (4.5 — 35 kg) respectively. The clinical signs presented by the animals in the
sick group, including their relative frequencies, were: hyporexia, 100% (n = 12/12); apathy,
83.33% (n = 10/12); emesis, 58.33% (n = 7/12); weight loss, 50% (n = 6/12); sticky stool,
33.33% (n = 4/12); epistaxis, 16.66% (n = 2/12); hematochezia, 16.66% (n = 2/12);
oligodipsia, 16.66% (n = 2/12); seizures, 8.33% (n = 1/12).

The animals in the SG presented normal capillary refill time and hydration, as well as

non-reactive lymph nodes. The average body temperature was 39.1°(38.2 - 41.2). The average
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HR was 119 bpm (£ 39 bpm) and the average RR was 56 mpm (+ 10 mpm). The animals in
the CG presented clinical parameters within the reference values (Feitosa, 2014).

In the hematological examination, all animals included in the study presented
thrombocytopenia, both in association with mild regenerative anemia or isolated. The
leukogram revealed a single animal with the leukocyte count below the reference values
(8.33%). The hematological parameters for both groups are shown in Table 1.

The biochemical analysis revealed hypoalbuminemia in 58.33% of the animals (n = 7/12)
and hyperglobulinemia in 58.33% (n = 7/12). Urea and creatinine levels were within the
reference values for the species (Kaneko et al. 2008). The liver function analysis revealed that
the enzymes ALT, AP and GGT were above the reference values described for the species in

16.66% of the animals (n =2/12) in the sick group (Table 2).

Systemic Arterial Blood Pressure
The mean and the standard deviation for non-invasive systemic arterial pressure in the
CG and SG were 124.1 + 18.9 mmHg and 142.5 £ 14.5 mmHg, respectively, revealing a

statistically significant difference between the groups (p = 0.021) (Chart 1).
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Chart 1: Sampling distribution of the values for systemic arterial pressure (mmHg) in the sick

and control groups.

Conventional electrocardiogram

The predominant cardiac rhythm observed in the sick group was the sinus rhythm
(66.66%, n = 812), with 16.66% (n = 2/12) presenting sinus arrhythmia and 16.66% (n =
2/12) presenting sinus tachycardia. In the control group, 30% (n = 3/10) presented sinus
rhythm and 70% (n = 7/10) presented sinus arrhythmia. The average HR in the SG was 109
bpm (£ 22 bpm). A first-degree atrioventricular blockage was observed in two animals
(16.66%, n = 2/12) of the SG.

The duration of the QRS complex diverged between the groups (p = 0.019), with both
groups above the reference values and longer durations in the SG (Chart 2). The P wave
amplitude varied between the CG and the SG (p = 0.045), with means and standard deviations
of 0.20 £ 0.04 and 0.15 + 0.06 mV, respectively, both of which are within the reference values
(Chart 3). The ST segment diverged between the groups (p = 0.05), but no animal presented

ST elevation or depression. The electrical axis of the QRS complex remained within the
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described in Table 3.
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Chart 2: Sampling distribution of QRS complex duration in the sick and control groups.

Holter and Heart Rate Variability

The predominant cardiac rhythm during the 24-hour Holter in the SG was sinus
tachycardia (58.33%, n = 7/12), with high average heart rates even during sleep.

During the 24 hours, 91.66% (n = 11/12) of the animals afflicted by Acute Monocytic
Ehrlichiosis presented arrhythmia, but all animals presented less than 25 isolated events
during the recording. These arrhythmic events included premature ventricular contractions
(58.33%, n = 7/12), premature atrial contractions (41.66%, n = 5/12), second-degree type 2
atrioventricular blockages (16.66%, n = 2/12) and pauses exceeding three seconds (25%, n =
3/12).

In the CG, the only arrhythmic event observed were ventricular escapes in 80% (n =
8/12) of the animals, always following a sinus pause/block and predominantly happening

during sleep. No animal presented more than 50 events, and all events were isolated.
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The time-domain and frequency-domain heart rate variability indexes are presented in
Tables 4, 5, 6 and 7. There was a statistically significant difference between the groups
regarding the time-domain HRV indexes SDNN and SDNNindex (Chart 3).

Regarding frequency-domain HRV, the following indexes presented statistically
significant differences between the groups: HF in sleep state (ms?) (p= 0.015), LF/HF ratio in
vigilance state (p=0.002), LF in vigilance state (ms?) (p=0.019), LF in sleep state (n.u.)
(p=0.003) and HF in sleep state (n.u.) (p=0.003) (Chart 4). The remaining frequency-domain
HRV indexes presented no statistically significant differences between the groups.

When comparing the frequency-domain HRV indexes within each group and considering
the sleep and vigilance states, there were statistically significant differences for the following
indexes: HF (ms?) in the CG (p=0.002); LF (ms?) in the SG (p=0.041); LF/HF in the CG
(p=0.002); HF (n.u.) in the CG (p=0.001); LF (n.u.) in the CG (p=0.001) (Chart 5). The
remaining frequency-domain HRV indexes presented no statistically significant differences
within each group in the sleep and vigilance states.

Correlation tests were employed to verify possible correlations between the time-domain
and frequency-domain HRV indexes in the CG and the SG during the sleep and vigilance
states. Table 8 presents the correlations verified.

Strong correlations (r > 0.7) were observed between the following indexes: pPNN50% and
HF (sleep) in the CG; RMSSD and HF (vigilance) in the SG; SDNNindex and VLF
(vigilance) in the SG. The following indexes presented moderate correlation (0.4 <r > 0.7):
PNN50% and HF (vigilance) in the CG; SDNNindex and LF (vigilance) in the SG;
SDNNindex and LF (sleep) in the SG. The remaining indexes did not present significant

correlations.
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Discussion

Myocardial injuries in dogs infected naturally by Ehrlichia canis have been evidenced in
the literature based on the serum concentrations of troponin | (cTnl), echocardiograms,
electrocardiograms and histopathological findings. Alterations in these examinations may be
caused by myocardial hemorrhage, vasculitis, anemia and exacerbated systemic inflammatory
responses (Diniz, 2008; Koutinas et al., 2012; Kalogianni et al.; 2016).

In this study, the animals in the SG presented mild anemia, thrombocytopenia, and
leukopenia in the full blood count, revealing a statistically significant difference for these
parameters in contrast with the CG.

The levels of the liver enzymes ALT, AP and GGT, in addition to urea and creatinine, did
not differ significantly between the groups, which may be explained by the fact that the
animals were still in the initial stages of the disease. The histopathological assays in previous
studies have revealed plasmacytic infiltration in the liver and the kidneys during the chronic
phase of the disease (Harrus et al., 1996; Hess et al., 2006; Sanches, 2015). These authors
observed severe kidney and liver compromise in animals afflicted by CME associated with
the deposition of immune complexes.

Animals in the SG presented a reduction in albumin levels and an increase in globulin
levels, with a statistically significant difference between the groups. Hypoalbuminemia,
hyperglobulinemia, and hypergammaglobulinemia are typical findings in this disease (Harrus
et al., 2015; Santarém e Aguiar, 2016). Hypoalbuminemia may happen in any phase of the
disease and be secondary to anorexia and fluid loss due to vasculitis (Santarém et al. 2008). In
the acute phase, it may be explained by the inhibition of its synthesis by the cytokines and by
the increased vascular permeability with overflow into the extracellular space (Codner et al.

1992).
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The blood pressure values observed in sick animals were lower (P = 0.02) than in the CG,
but still within the reference values for the species. These findings diverged from the ones
observed by Diniz (2006). The author evaluated infected animals without phase distinction
and noticed an increase in the blood pressure values. Filippi (2016), in an evaluation of
animals in the chronic phase of CME, reported findings in line with the ones observed in this
study. It is believed that animals in the acute phase of the disease do not present significant
alterations in blood pressure because they are normovolemic and that the difference between
the groups is due to their clinical conditions. The animals in the control group were healthy
and, therefore, became agitated when brought to the veterinary hospital due to the test and the
contact with other animals. On the other hand, animals in the sick group were apathetic and
unreactive to the hospital environment. The fact that they were calmer than the animals in the
control group may explain the statistically significant difference between the groups despite
both being within the reference values for the species.

Regarding the electrocardiographic parameters, we observed an increase in the duration
of the QRS complex. According to Tilley (1992), increased QRS complex durations suggest
chamber overload and cardiac remodeling. We did not observe any changes in the amplitude
or the duration of the P Wave, but the amplitude was lower in the SG despite remaining
within the reference values.

Also, the electrocardiographic parameters may vary according to the animal’s body
weight. According to Cardoso et al. (2013), P wave variability may be related to the body
measurements since larger animals often present higher values.

A recent study conducted by Kalogianni et al. (2016) with 12 animals infected
experimentally with acute CME also did not observe any alterations in the

electrocardiographic parameters, corroborating with the data obtained in this study.
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It should be considered that the results in this study were obtained through a computer-
based digital system and that, according to Wolf et al. (2000), there is an average increase of
approximately 10 ms in the electrocardiographic waves when employing this method to
record the heart’s electrical activity. However, we believe that a study employing
echocardiographic examination would be ideally positioned to identify changes in the
dimensions of the heart chambers.

In the SG, 41.66% of the animals presented increases in the T wave amplitude in contrast
to 8.33% in the CG. These values are in line with the ones observed by Filippi (2016) in a
study with dogs in the chronic phase of the disease. This alteration, according to the author,
could be attributed to the degree of anemia observed in the animals or to a cardiac injury
caused by the bacteria. These results conflict with the ones described by Diniz (2006), who
noted that only 8.7% of the animals presented this alteration.

A previous study assessed the behavior of HRV in animals with chronic CME through a
Holter exam (Filippi, 2016), but only the time-domain HRV indexes were employed. In this
study, we observed that the time-domain HRV indexes were reduced, but only SDNN and
SDNNindex presented statistically significant differences between the groups. The decrease
of these indexes in the SG, together with an increase in the average HR, suggest increased
sympathetic tonus in dogs afflicted by acute CME.

Despite the HRV indexes not presenting a marked reduction, the results observed in this
study suggest a reduction in HRV. According to Junqueira Jr. (1998), several afflictions may
promote an early imbalance in the activity of the ANS.

Regarding the frequency-domain HRV indexes, we observed a predominance of the
sympathetic ANS during the sleep state in the SG, which is in line with what was observed in
the electrocardiogram, with a constant and accelerated rhythm observed predominantly during

the sleep state in the sick group, while in the control group it alternated between the sleep and
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vigilance states. The literature is scarce regarding the use of time-domain and frequency-
domain HRV index to evaluate animals infected by Ehrlichia canis during the acute phase of
the disease, and we found no studies describing the behavior of these indexes in animals with
acute ehrlichiosis.

On the other hand, Bogucki & Noszczyk-Nowak (2015), in a study about HRV in healthy
dogs, observed a value of 5845.45 + 2914.20 ms” for the HF index. In this study, the nighttime
HF values diverged between the groups, with the SG presenting HF = 3767.5 + 3604.4 ms?,
which is lower than the values observed by Bogucki & Noszczyk-Nowak. This reveals a
reduced parasympathetic activity in the SG, which could be due to an imbalance in the ANS
caused by the release of inflammatory mediators.

The index LF (sleep) (ms?) did not diverge between the sick and control groups, but upon
further analysis, with the results expressed in normalized units (n.u.) a divergence was
observed. This may be due to the data normalization process, which removes the influence of
the HRV index from the LF and HF indexes, which makes the data more reliable (Camm,
1996). Under the light of these findings, we observed a reduction in the HRV, which indicates
a predominance of sympathetic activity during sleep.

For the LF index during the vigilance state, we observed a significant difference between
the groups when expressing the results without data normalization (ms?), highlighting the
relevance of normalization to improve data reliability.

When analyzing the index within the same group and comparing the values of two
distinct states (sleep and vigilance), we observed that, in the CG, the LF (ms?) did not diverge
between the sleep and vigilance states. However, upon analyzing the data in normalized units,
we observed higher values during sleep when expressing the values in ms2 and lower values
during sleep when expressing the values in n.u. This, as mentioned before, points towards

better data reliability with n.u since it is believed that sympathetic activity is predominant
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during active periods. In the SG, LF (ms?) diverged between the two states before data
normalization, but not afterward, which illustrates the reduction of HRV in this group.

When comparing the sleep and vigilance states separately in the SG and the CG, there
was no statistically significant difference between the states for the HF index (ms? and n.u.) in
the SG, but there was a difference between the states in the CG. This fact points towards an
imbalance in the ANS activity in the SG as the HF index represents parasympathetic activity,
which is predominant during sleep. The CG, however, shows equilibrium between
sympathetic and parasympathetic activity, with the predominance of parasympathetic activity
during sleep, which explains the statistically significant difference observed between both
states. These results are in line with those observed by Vanoli (1995) in humans after acute
myocardial infarction, who observed a decrease in HRV during nighttime, which highlights
an autonomic imbalance caused by the affliction.

Still regarding the HF index during sleep in the SG, we observed that the values were
considerably lower than in the control group, revealing a decrease in parasympathetic activity
during sleep. However, the values for this index during the vigilance state were considerably
higher in the SG, revealing higher parasympathetic activity during the vigilance state (which
would be expected during sleep. Under the light of these results, we can infer that autonomic
imbalances happen during both the sleep and vigilance states, revealing that ehrlichiosis,
much like other diseases, promotes a dysfunction between the sympathetic ANS and the
parasympathetic ANS.

The LF/HF ratio, which illustrates sympathovagal balance, presented significant
differences when comparing the sleep and vigilance states in the CG, but the difference was
not statistically significant in the SG. Therefore, the afflicted animals presented an autonomic
imbalance. A study conducted by Finley & Nugents (1994) with patients afflicted by sickle

cell anemia revealed that the patients presented a significantly higher LF/HF ratio than
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healthy patients. According to the author, this difference happens because there is a period of
autonomic stability during the initial phase of non-REM sleep with increased baroreceptor
activity.

During this time, the efferent parasympathetic fibers promote a reduction in the systemic
arterial pressure and the HR, halving the cardiac output (Falc&o 2008) (paradoxical sleep). In
this study, the LF/HF ratio also diverged between the groups, but unlike the study conducted
by Falcdo (2008), the values were lower in the SG. This may be explained by the uneven
number of animals in each group (CG = 10 and SG = 12) or by the fact that it was not
possible to verify which stage of sleep the patients were in during the measurements.

When looking for possible correlations between the time-domain and frequency-domain
HRV indexes, we observed strong and directly proportional correlations between pNN50%
and HF during sleep in the CG. Since the pNN50% index represents the rate of adjacent RR
intervals exceeding 50 ms, this correlation indicates the maintenance of vagal activity during
the adequate time. This index has high sensitivity to changes in vagal activity, which, when
interrupted suddenly, is represented by short RR intervals. On the other hand, the SG did not
present any correlation between the indexes illustrating parasympathetic activity (pPNN50%
and HF), which may be explained by the loss of vagal balance caused by the affliction.

In the SG, we observed a strong positive correlation between the indexes representing the
activity of the parasympathetic ANS (RMSSD and HF) during the vigilance state, reinforcing
that the afflicted animals present an increase in sympathetic activity while still maintaining
some parasympathetic activity. This results in a partial autonomic balance since the RMSSD
index is less sensitive than pNN50% due to a lower influence of the RR intervals.

A moderate positive correlation was observed between the indexes pNN50% and HF
during the vigilance state in the CG, which may be explained by the reduced parasympathetic

activity in this state.
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Another moderate positive correlation was observed between the indexes SDNNindex
and LF during both the sleep and vigilance states. SDNNindex may indicate several things,
and changes in the index may be caused by a reduction in the vagal tonus or an increase in the
sympathetic tonus — it is impossible to determine which with certainty because the index LF
represents the activity of the sympathetic ANS predominantly (Vanderlei, 2009). It is worth
noting that this correlation is not significant in healthy animals because, due to the
multifaceted character of the time-domain HRV indexes, these animals present autonomic
balance. However, the parasympathetic activity is reduced in the afflicted animals and, despite
the multifaceted character of the index, it tends towards sympathetic activity and correlates
with the corresponding index for sympathetic ANS activity in the frequency domain, pointing
towards the loss of autonomic balance and predominance of sympathetic activity in both the
sleep and vigilance states.

The correlation observed between the indexes SDNNindex and VLF was strong and
positive. The time-domain index, as mentioned before, is multifaceted and the frequency-
domain index is seldom studied, especially in Veterinary Medicine. These indexes represent
the thermoregulatory cycles and activity of the renin-angiotensin-aldosterone system (RAAS)
together with a still not fully understood peripheral vasomotor activity. This correlation may
indicate that both the peripheral vasomotor tonus and RAAS activity are modified by the
activity of the ANS and that these correlations may change with the afflictions, considering

that this correlation was not observed in healthy animals.

Conclusion

The analysis of the results obtained by this study allows us to conclude that the acute

phase of CME does not present the same arrhythmogenic character that the chronic phase

34



569

570

o71

572

573

o574

575

576

ST

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

does. There was no correlation between the clinical, electrocardiographic and HRV alterations
in the infected animals.

The afflicted animals show a predominance of the sympathetic ANS regarding the time-
domain HRYV indexes, but upon consideration of the frequency-domain HRV indexes we may
verify that this apparent sympathetic predominance detected by the time-domain indexes
happens because of a reduction of parasympathetic activity in animals afflicted by acute
CME, in addition to the reduced HRV during the sleep and vigilance states.

These findings are not enough to suggest that the animals are suffering from the initial
effects of myocarditis, but this reduction in the HRV indexes indicate that the bacteria may
have a direct initial effect on the heart even during the acute phase. Further and more
thorough studies are needed to verify the involvement of the heart in this stage of the disease,
including a more substantial number of animals and adding the assessment of an

echocardiogram and the serum concentrations of cardiac biomarkers.
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705 Table 1 — Mean and standard deviation of the hematological parameters of animals in the
706  control group and the group afflicted with acute monocytic ehrlichiosis.

707
Hematological Parameters Control Group Sick Group Reference ® P Value
Red blood cells (X 1.000.000/ L) 748%7.0 540+8.4 55-85 0.001*
Hemoglobin (g/dL) 16.98 +1.24 12.74 + 2.42 12.0-18.0 0.001*
Hematocrits (%) 47.1+3.38 36.16 + 6.65 37.0-55.0 0.001*
VCM (fL) 63.17 +£4.16 48.4 + 29.35 60.0-77.0 0.339
CHCM 36.09 +1.89 35.2+1.19 32.0-36.0 0.194
PT plasma (g/dL) 6.8 + 0.58 8.46 + 1.93 6.0-8.0 0.048
RDW (%) 11.01+1.11 11.87+1.70 12.0-15.0 0.221
Platelets (X 103/ L) 271 +84.84 65.818+39.09 160.0 - 430.0 0.001*
Leukocytes (X 10%/L) 10.97 +2.10 67.85+3.91 6.0-17.0 0.007*
Segmented neutrophils (X 10%/L) 6.75+1.48 6.26 + 2.26 3.0-115 0.199
Lymphocytes (X 103/L) 2.41+0.69 250+ 2.1 1.0-48 0.621
Eosinophils (X 103%/L) 1.1+0.6 0.062 £ 0.99 01-1.25 0.013*
Monocytes (X 103/L) 0.69+0.4 0.64 +0.41 0.15-1.35 0.757

708  3chalm, O.W., Jain, N.C., Carrol, E.J. Hematologia Veterinéria, 1986

709 * t test for independente samples, significance P < 0.05

710
711
712
713
714
715
716
717
718
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719  Table 2 — Mean and standard deviation of the biochemical assay parameters for animals in the
720  control group and the group afflicted with acute monocytic ehrlichiosis.

Parameters Control Group Sick Group Reference ? P Value
Albumin (mg/dL) 3.52+0.27 2.32+0.62 2.6-33 0.001*
Globulin (mg/dL) 2.58 +0.44 5.56 +2.46 2.7-44 0.001*
Urea (mg/dL) 35.15+9.6 41.25 + 31.86 21.4 -59.92 0.489
Creatinine (mg/dL) 0.90 +0.29 091+051 0.5-1.5 0.391
ALT (mg/dL) 41.7+6.9 67.3+81.3 21-73 0.869
AP (mg/dL) 49.70 £ 44.25 48.08 + 33.94 20 - 156 0.921
GGT (mg/dL) 1.34 £ 0.95 2.03+1.35 12-64 0.099
721

722 Kaneko JJ, Harvey JW, Bruss ML, Clinical Biochemistry of Domestic Animals, 6th Ed., Academic Press, 2008

723  * t-test for independent samples, significance P < 0.05

724

725

726
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739

740

741

742

743

744  Table 3 — Mean and standard deviation of the electrocardiographic parameters for animals in
745 the control group and the group afflicted with acute monocytic ehrlichiosis.

Electrocardiographic Parameters Control Group Sick Group Reference ? P Value
Mean HR (bpm) 125.5+£16.55 109.5+ 22.22 70-160 0.075
Mean QRS Electrical Axis (°) 61+3.16 60.75 + 32.80 40-100 0.145
P Wave Duration (ms) 49.3+3.68 50.91 +6.15 below 50 0.974
PR Interval Duration (ms) 100.6+15.81 103.33 £ 26.31 60-130 0.777
QRS Complex Duration (ms) 56.3+3.77 63.16 £ 8.15 40-55 0.019*
QT Interval Duration (ms) 206.7+8.79 209.5 = 23.7 150-250 0.895
P Wave Amplitude (mV) 0.20+0.04 0.15 £ 0.06 below 0.4 0.045*
Q Wave Amplitude (mV) 0.24+0.20 0.12+0.11 0-0.5 0.119
R Wave Amplitude (mV) 1.14+0.18 1.13+0.60 0.5-2.5 0.921
S Wave Amplitude (mV) 0.08+0.05 0.04 £0.7 0-0.3 0.086
ST Segment (mV) 0.04+0.04 0.007+0.02 -0.15-0.20 0.050*
T Wave > 25% of R Wave in > 25% R Wave in < 25% of R Wave

8.33% of the cases 41.66% of the cases Amplitude
TAT o or sspenon samples, signiicane P < 0.05
748
749
750
751
752
753
754
755
756
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757  Table 4 — Mean and standard deviation of time-domain heart rate variability parameters for

758 animals in the control group and the group afflicted with acute monocytic ehrlichiosis.
Parameters Control Group Sick Group Reference P Value
SAP (mmHg) 1425+ 145 118.18 + 26.21 151.64 + 27.03 0.021*
Mean HR (bpm) 86 £ 13.31 104.91 + 26.45 83.10 + 12.67 0.054
Min HR (bpm) 38.5+6.93 49.91+1822  44.60 +19.62 0.099
Max HR (bpm) 249.1+1.91 235.75+27.05 271.00 £27.10 0.444
Mean NN 474+117.6 650.25+147.9 482 + 845 0.110
SDNN (ms) 268.5 + 74.65 190.5+£9547  322.30 +137.79 0.049*
SDANN (ms) 168.3 £ 39.14 123.33+£65.093 187.00 + 46.42 0.070
SDNN Index (ms) 216.9 + 74.28 146.75 + 80.68 260.40 £ 137.91 0.048*
RMSSD (ms) 146.9 £ 45.48 142,75+ 84.74  123.20 £45.31 0.891
PNN50 (%) 55.87 +£12.84 43.52 +£24.73 59.29 + 14.58 0.170

759 SAP: Systemic Arterial Pressure; * t-test for independent samples, significance P < 0.05; Mean HR, Min HR and Max HR:

760 Mean, minimum and maximum heart rate; NN: Mean of all normal RR intervals; SDNN: standard deviation of all normal RR

761 intervals; SDANN: standard deviation of the mean of normal RR intervals calculated every five minutes; SDNNindex: mean

762 of the standard deviation of normal RR intervals calculated every five minutes; pNN50: rate of differences exceeding 50 ms

763 between adjacent RR intervals; RMSSD: square root of the mean of the squares of adjacent RR intervals.

764
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772  Table 5 — Mean and standard deviation of time-domain heart rate variability parameters for
773 animals in the control group and the group afflicted with acute monocytic ehrlichiosis.
Parameters Control Group Sick Group P Value

HF sleep (ms®)(x10°) 28.5+31.5 3.7+3.6 0.015*
LF sleep (ms?) (x10%) 3.32+1.98 2.08+1.58 0.119
LF/HF sleep 3.32+1.98 2.08+1.58 0.002*
VLF sleep (ms?) (x10%) 2.80+1.99 1.68+1.43 0.141
HF vigilance (ms?) (x10°) 1.76+1.40 1.80+ 2.28 0.692
LF vigilance (ms?) (x10°%) 2.69+1.79 0.97+0.78 0.019*
LF/HF vigilance 2.19+1.66 1.49+1.66 0.129
VLF vigilance (ms?) (x10%) 4.39+4.33 1.90+2.65 0.113
HF sleep (n.u.) 77.3+13.88 53.81+18 0.003*
LF sleep (n.u.) 22.7+13.88 46.43+18.12 0.003*
HF vigilance (n.u.) 37.56+16.46 53.15+24.5 0.102
LF vigilance (n.u.) 62.44+16.46 46.85+24.50 0.102

774
775

776
77
778
779
780
781
782
783
784
785
786
787
788
789

* t-test for independent samples, significance P < 0.05

HF: high frequency; LF: low frequency; LF/HF: the ratio between low frequency and high frequency; VLF: very low

frequency;
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790  Table 6 — Mean, standard deviation, median, and quartiles of the frequency-domain heart rate
791  variability indexes regarding the sleep and vigilance states in the sick group.

State
Variable Sleep Vigilance P Value
HF (ms?) 2845 (829 - 6561) 1361 (334 - 1884) 0.237
LF (ms?) 2081.6+1584.3 972 (+ 785.4) 0.041*
LF/HF 0.650 (0.495 — 1.450) 0.825 (0.425 — 2.07) 0.751
VLF (ms?) 1375.5 (658.5— 2404.5) 1005.0 333.5-2567) 0.583
HF (n.u.) 53.81 +18.0 53.15 +24.5 0.940
LF (n.u.) 46.4 +18.12 48.85 £24.5 0.963

792  * t-test for independent samples, significance P < 0.05
793 HF: high frequency; LF: low frequency; LF/HF: the ratio between low frequency and high frequency; VLF: very low
794  frequency;

795

796  Table 7 - Mean, standard deviation, median and quartiles of the frequency-domain heart rate
797  variability indexes regarding the sleep and vigilance states in the control group.

State

Variable Sleep Vigilance P Value
HF (ms?) 15727.5 (4970-57130) 12.26 (602 - 3169) 0.002*
LF (ms®) 3322.9+1989.8 2696.7+ 1790.4 0.496
LF/HF 0.291+ 0.211 2.199 + 1.66 0.002*
VLF (ms?) 2371.5 (1174-4472) 3210.5 (2105-4537) 0.345
HF (n.u.) 77.3+13.88 37.5+16.46 0.001*
LF (n.u.) 22.7 +13.88 62.44 £16.46 0.001*

798  * t-test for independent samples, significance P < 0.05
799 HF: high frequency; LF: low frequency; LF/HF: the ratio between low frequency and high frequency; VLF: very low
800  frequency;
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806  Table 8 — Correlation between time-domain and frequency-domain HRV indexes in the sleep
807 and vigilance states.

RMSSD X HF vigilance SG PNN50 X HF sleep CG PNN50 X HF vigilance CG

R P r P R P

0.718 0.00707* 0.770 0.0068* 0.697 0.0217*
SDNNindex x LF sleep SG SDNN index x LF vigilance SG SDNNindex x VLF vigilance SG
R P r P R P

0.641 0.0248* 0.590 0.0433* 0.720 0.00707*

*significative correlation (p< 0.05); HF: high frequency; LF: low frequency; LF/HF: relacdo entre low frequency e high frequency;
VLF: very low frequency; SDNNindex: mean of the standard deviation of normal RR intervals calculated every five minutes; pNN50:
rate of differences exceeding 50 ms between adjacent RR intervals; RMSSD: square root of the mean of the squares of adjacent RR

intervals.
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Embora os indices de VFC nédo apresentassem reducdo marcante os resultados obtidos em
nosso estudo indicam, uma diminuicdo na VFC. Diversas afec¢bes podem promover um
desequilibrio da atividade do SNA (JUNQUEIRA Jr. 1998). Assim a reducdo dos indices de
VFC neste trabalho pode ser em decorréncia de uma injuria miocérdica devido & Ehrlichiose,
caracterizando-se, a miocardite, neste caso, nas fases 1 e 2, principalmente na primeira,
devido ao carater agudo e a auséncia de sinais clinicos compativeis com miocardite (Mason,
2003), comprometendo assim a atividade do SNA.

Ainda de acordo com JUNQUEIRA Jr. (1998), a fase 1 da miocardite caracteriza-se por
injuria miocéardica inicial, fase 2 presenca de injuria miocardica autoimune e na fase 3,
dilatagio de camaras cardiacas (cardiomiopatia dilatada). E provavel que a auséncia de
alteracdes nos parametros eletrocardiograficos e quanto a alguns indices de holter no presente
estudo, seja decorrente do fato dos animais apresentarem-se na fase aguda da doenca,
podendo os mesmos ser portadores de miocardite, porém durante a fase 1, ainda ndo detectada
e adequadamente ilustrada pelos exames aplicados em nosso estudo. Pesquisas incluindo a
analise ecocardiografica, histopatoldgica e mensuracdo da concentracdo de biomarcadores
seriam necessarios e ilustrariam com maior acuracia a presenca de miocardite.

Apesar da falta de significancia estatistica, € importante discutir achados de dois caes que
apresentaram indices de VFC no dominio do tempo bastante distintos dos observados no
restante dos animais do estudo com predominio marcante do SNA simpatico e diminuicdo da
acdo do SNA parassimpatico. A maior diferenca foi observada nos indices RMSSD e
Pnn50%, que avaliam a influéncia parassimpatica no coracdo. Nesses animais, nao
observamos diferencas clinicas e hematoldgicas que justificassem esse predominio marcante
do SNA simpatico, sendo o numero de plaquetas, volume globular, hidratacdo e condicdo
imunoldgica (leucograma), encontravam-se semelhantes aos demais animais do estudo.

Através desses dados podemos inferir que esses animais poderiam estar infectados ha mais
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tempo que os outros e, com isso, em fases mais avangadas de miocardite. Como nosso estudo
utilizou animais naturalmente infectados, ndo € possivel predizer exatamente o tempo de
infeccdo de cada animal, apenas que todos estavam na fase aguda, devido as manifestagoes
hematolGgicas caracteristicas (HARRUS, 2015). Para se determinar o efeito do tempo de
infeccdo sobre o0 miocérdio, nos animais dentro da mesma fase da infecdo, seria necessario um
estudo com animais infectados experimentalmente. Esses dados apoiam a nossa hipdtese de
que, as alteragdes na VFC e a auséncia de arritmias nos animais em fase aguda, diferem da
encontrada em animais com a doenca em fase crénica, provavelmente devido ao tempo de
infeccdo e da atuacdo das citocinas pro-inflamatorias sobre o coragéo.

O presente estudo foi o primeiro a avaliar animais VFC no dominio da frequéncia em
animais naturalmente infectados e a analisar esses indices durante os periodos de sono e
vigilia.

Nos animais do GD foi observado quando analisados os indices de VFC no dominio do
tempo um desequilibrio autonémico precoce, porém ndo foi possivel determinar se 0 SNA
afetado foi o simpatico ou o parassimpatico, enquanto ao avaliarmos os indices de VFC no
dominio da frequéncia é possivel determinar que nos animais infectados observa — se um
predominio simpatico e uma menor atuacdo do SNA parassimpatico. Essa exacerbacdo do
SNA simpatico promove uma sobrecarga cardiaca, podendo gerar uma lesdo dos midcitos e a
logo prazo gerar focos arritmicos. O aumento da frequéncia cardiaca também promove a
diminuicdo da fase diastélica e com isso a diminuicdo do débito cardiaco. O baixo débito por
um periodo mais prolongado gera uma maior predisposicdo a doenca renal croénica,
aumentando a chance desses animais desenvolverem a doenca renal ao longo da vida e de
forma precoce.

O presente estudo teve como fatores limitantes o pequeno nimero de animais em cada

grupo e a auséncia da dosagem sérica de biomarcadores cardiacos como a Troponina .
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Conclusao Geral

Com base nas condi¢Bes em que o presente estudo foi realizado, as conclusbes obtidas
foram:

- Na forma aguda da EMC ocorre um um predominio do SNA simpatico nos animais
doentes com relacdo aos indices de VFC no dominio do tempo, porém quando analisamos 0s
indices de VFC no dominio da frequéncia podemos avaliar mais profundamente esses dados
que constatar que pode sim haver uma diminuicdo da acdo do SNA passimpético e um
predominio simpatico nos animais acometidos pela EMC em fase aguda.

- A frequéncia de arritmias nos animais infectados por Ehrlichiose monocitica canina em
fase aguda é baixa ou na maioria das vezes, ndo ocorre.

- O aumento do tempo de infecgdo pode ser um fator que diminua os indices de VFC no
dominio do tempo.

-As informacdes obtidas ndo sdo suficientes para sugerirmos que 0s animais estdo sofrendo
efeitos iniciais de miocardite, mas a diminuicdo dos indices de VFC indicam que a bactéria
pode ter um efeito inicial direto sobre 0 miocardio mesmo na fase aguda da doenca, sendo o
tempo de infeccdo como um fator crucial para sua modificacdo, porém para uma melhor
elucidacdo do acometimento cardiaco nesta fase da doenga sd@o necessarios estudos mais
abrangentes com um maior nimero de animais, além da avaliacdo ecodopplercardiogréfica

além da dosagem serica de biomarcadores cardiacos.
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Tabela 9: Correlagdo entre os indices de VFC no dominio do tempo e da frequéncia nos periodos de

sono e vigilia
PNN50 X HF sono  PNN50 X HF PNN50 X HF sono  PNN50 X HF
GD vigilia GD GC vigilia GC
R P r P r P R P
0,483 0,105 0,559 0,0547 0,770 0,0068* 0,697 0,0217*
RMSSDXHF sono RMSSD X HF RMSSD X HF RMSSD X HF
GD vigilia GD sono GC vigilia GC
R P r P r P R P
0,455 0,130 0,718 0,00707* 0,231 0,490 0,590 0,0665

SDNNindex x LF

SDNN index x LF

SDNN index x LF

SDNN index x LF

sono GD vigilia GD sono GC vigilia GC
R P r P r P R P
0,641 0,0248* 0,590 0,0433* 0,393 0,261 0,609 0,0615

SDNNindex x VLF

SDNNindex x VLF

SDNNindex x VLF

SDNNindex x VLF

sono GD vigilia GD sono GC vigilia GC
R P r P r P R P
0,436 0,157 0,720 0,00707* 0,0737 0,840 0,600 0,0599

*correlacédo significativa (p< 0,05)
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Grafico 7 - Distribuicdo amostral da pressao arterial sistémica (mmHg) entre os grupos doente e

controle.
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Grafico 8 - Distribuicdo amostral do numero de hemécias (x106/pL) entre os grupos doente e

controle.
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Grafico 9 - Distribuicdo amostral da concentracdo de hemoglobina (g/dL) entre os grupos doente

e controle.
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Grafico 10 - Distribuicao amostral do volume globular (%) entre os grupos doente e controle.
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Gréafico 11 - Distribuicdo amostral da concentracdo de proteina plasmatica (g/dL) total entre os

grupos doente e controle.
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Grafico 12 - Distribuicdo amostral de plaquetas (x 103/mm3) entre os grupos doente e controle.
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Grafico 13 - Distribuicdo amostral do nimero total de leucdécitos (x 103/pL) entre 0s grupos
doente e controle.
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Gréafico 14 - Gréafico da distribuicdo amostral da concentracdo de albumina (g/dL) entre os

grupos doente e controle.
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Gréfico 15 - Distribui¢do da concentracao de globulina (g/dL) entre os grupos doente e controle.
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Gréafico 16 - Distribuicdo amostral duracdo do complexo QRS (ms) no eletrocardiograma entre

0s grupos doente e controle.
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Gréafico 17 - Distribuicdo amostral da amplitude da onda P (mV) no eletrocardiograma entre 0s
grupos doente e controle.
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Grafico 18 - Distribuicdo amostral de SDNN (ms) no Holter entre os grupos doente e controle.
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Gréafico 19 - Distribuicdo amostral de SDNNindex no Holter entre os grupos doente e controle.
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Grafico 20 - Distribuicdo amostral de HF (ms2) no Holter entre os grupos doente e controle.
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Gréafico 21 - Distribuicdo amostral de LF/HF no Holter entre os grupos doente e controle.
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Grafico 22 - Distribuicdo amostral LF (ms2) vigilia no Holter entre os grupos doente e controle.
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Grafico 23 - Distribuicdo amostral de HF (n.u.) sono no Holter entre os grupos doente e

controle.
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Grafico 24 - Distribuicdo amostral de LF (n.u.) sono no Holter entre os grupos doente e controle.
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Gréfico 25 - Distribuicdo amostral de HF (ms2) no Holter no grupo controle nos periodos de

sono e vigilia.
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Gréafico 26 - Distribuicdo amostral de LF (ms2) no Holter no grupo doente nos periodos de sono

e vigilia.
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Gréafico 27 - Distribuicdo amostral de LF/HF no Holter no grupo controle nos periodos de sono e

vigilia.
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Grafico 28 - Distribuicdo amostral de HF (n.u.) no Holter no grupo controle nos periodos de

sono e vigilia.
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Gréfico 29 - Distribuicdo amostral de LF (n.u.) no Holter no grupo controle nos periodos de sono

e vigilia.
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