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SANTOS, B. Avaliagdo bioquimica e hematoldégica de cées infectados por
Ancylostoma spp. — estudo retrospectivo. Botucatu, 2019. 85 p. Dissertagao
(Mestrado) - Faculdade de Medicina Veterinaria e Zootecnia, Campus de

Botucatu, Universidade Estadual Paulista.

RESUMO

Os parasitas do género Ancylostoma spp. séo os helmintos de maior prevaléncia
em caes no Brasil. Os relatos na literatura sobre as alteracdes hematolégicas e
bioquimicas, bem como de aspectos clinicos em cées naturalmente infectados
por Ancylostoma spp. sdo escassos. O objetivo deste estudo retrospectivo foi
avaliar aspectos epidemioldgicos e clinico-patolégicos de cdes naturalmente
infectados por Ancylostoma spp., atendidos no Hospital Veterinario da FMVZ,
Unesp—campus Botucatu, no periodo de 2009 a 2018. Todos os dados foram
obtidos a partir dos registros médicos, e um grupo controle foi criado
prospectivamente. A presenca de ovos de Ancylostoma spp. no teste de
flutuacédo simples das fezes foi utilizado para selecionar os casos positivos. A
prevaléncia geral de Ancylostoma spp. foi de 12,1% (207/1.715). Somente nos
cdes com Ancylostoma spp. e sem comorbidades (n=35), a mediana da
contagem de eosindfilos (1,05 x 10%/uL) e a proporcdo de eosinofilia (34,4%)
foram maiores que no grupo controle (0,45 x 103/ uL e 4,1%, respectivamente).
Também nesses caes, a AUC da curva ROC foi significante (0,72), e ao utilizar
ponto de corte de 0,85 x 10% pL, obteve-se uma sensibilidade de 65,7% e uma
especificidade de 70,8%. Nos cdes com mais de um ano de idade com
ancilostomose clinica (n=23), a diarreia (56,5%) e a hematoquezia (52,2%) foram
0s sinais mais relatados na anamnese. Houve diminuicao significativa (P<0,05)
na contagem de hemacias, hematdécrito, concentracbes de hemoglobina e
albumina nos cédes com ancilostomose em relacdo ao grupo controle, além do
aumento na contagem de leucacitos totais, neutrofilos e eosinéfilos. Quando néo
ha comorbidades associadas a infeccdo por Ancylostoma spp., a eosinofilia €
capaz de auxiliar na suspeita clinica. Nos cdes adultos com ancilostomose, além
dos sinais clinicos, também as alteracdes hematoldgicas e bioquimicas devem

ser ponderadas para fornecer tratamento adequado e eficiente.

Palavras-chave: ancilostomose, canino, eosinofilia, coinfecgéo
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ABSTRACT

The parasites of the genus Ancylostoma spp. are the most prevalent helminths
in dogs in Brazil. Reports in the literature about hematological and biochemical
alterations, as well as clinical aspects in naturally infected dogs with Ancylostoma
spp. are rare. The aim of this retrospective study was to evaluate epidemiological
and clinical-pathological aspects of dogs naturally infected with Ancylostoma
spp., presented at the Veterinary Teaching Hospital of the School of Veterinary
Medicine and Animal Science, Unesp — campus Botucatu, from 2009 to 2018. All
data were obtained from medical records, and a control group was set up
prospectively. The presence of Ancylostoma spp. eggs in feces by simple
flotation test was used to select positive cases. The overall prevalence of
Ancylostoma spp. was 12.1% (207 / 1,715). Only in dogs with Ancylostoma spp.
and without comorbidities (n = 35), the median eosinophil blood count (1.05 x 103
/uL) and the proportion of eosinophilia (34.4%) were higher than in the control
group (0.45 x 10% pL and 4.1%, respectively). Also in these dogs, the ROC curve
AUC was significant (0.72), and using a cutoff point of 0.85 x 103/ uL, a sensitivity
of 65.7% and a specificity of 70.8% were obtained. In dogs older than one year
old with clinical hookworm disease (n=23), diarrhea (56.5%) and dysentery
(52.2%) were the most frequently reported signs in the anamnesis. There was a
significant decrease (P <0.05) in red blood cell count, hematocrit, concentrations
of hemoglobin and albumin in dogs with hookworm disease when compared to
the control group, as well as a increase in leukocyte, neutrophil and eosinophil
counts. Only when there are no comorbidities associated with Ancylostoma spp.
infection, the eosinophilia is able to assist in clinical suspicion. In adult dogs with
ancylostomosis, in addition to clinical signs, hematological and biochemical

changes should also be considered to provide adequate and efficient treatment.

Keywords: hookworm, canine, eosinophilia, coinfection



CAPITULO 1.



1.1 INTRODUCAO

Os parasitas intestinais foram muito pesquisados durante o século 20,
periodo em que estudos sobre a patogenicidade, ciclos biolégicos e drogas anti-
helminticas passaram por grandes avancos. No entanto, as doencas parasitarias
intestinais ainda acometem milhares de seres humanos em regiées de menor
poder aquisitivo em todo mundo, figurando na Organizacdo Mundial da Saude
(WHO, 2018) entre as doencas negligenciadas. Para os cdes o panorama hao e
diferente: animais errantes ou de regides pouco desenvolvidas apresentam altas
prevaléncias de parasitismo (FERREIRA et al., 2009, KLIMPEL et al., 2010).
Aliado a isso, diversas parasitoses intestinais de caes sdo potenciais zoonoses
(DAVID et al., 2015).

No Brasil, as espécies Ancylostoma caninum e Ancylostoma braziliense sé&o
as responsaveis por causar infeccado nos cdes (DANTAS-TORRES; OTRANTO,
2014). Ambas figuram como parasitas zoonoticos e causam, respectivamente, a
enterite eosinofilica e larva migrans cutanea em seres humanos (HOTEZ et al.,
2004).

O parasitismo pelo género Ancylostoma é prevalente em céaes domiciliados
e errantes (KATAGIRI; OLIVEIRA-SEQUEIRA, 2008). Estes helmintos tem uma
parte do seu ciclo de vida no solo e ap6s sofrer mudas, podem infectar os
hospedeiros por via oral (ingestdo das larvas) ou penetragéo ativa na pele. As
larva imaturas de terceiro estadio (L3) podem se manter em estado hipobi6tico
no tecido muscular e parede intestinal de seus hospedeiros, até que um estimulo
tal como os hormdnios gestacionais facam com que as larvas de A. caninum
retornem ao seu ciclo evolutivo e causem infec¢do transmaméria (GIBBS, 1986).

O principal mecanismo patogénico deste parasita é a hematofagia. Cada
parasita adulto de A. caninum, reconhecidamente mais patogénico, pode
consumir 0,84 mL de sangue por dia (ANDERSON, 2000). Em cées neonatos e
filhotes a ancilostomose pode ser fatal. A anemia e a hipoalbuminemia séo os
principais achados laboratoriais nesses casos (MOLENTO; FORTES, 2016).

Diversos estudos com infec¢des experimentais foram realizados em caes,
inclusive como modelo para infeccdo em seres humanos (FUJIWARA et al.,
2006; SHEPHERD; WANGCHUK; LOUKAS, 2018). No entanto, os dados na

literatura sdo escassos quanto aos indices hematimétricos, leucograma, provas



bioquimicas e sinais clinicos de cées naturalmente infectados por Ancylostoma
spp., bem como portadores de doencas sistémicas associadas.

O objetivo desta dissertacao foi avaliar aspectos epidemioldgicos e clinico-
laboratoriais de caes naturalmente infectados por Ancylostoma spp. com base
em um estudo retrospectivo dos casos atendidos entre os anos de 2009 a 2018
no Hospital Veterinario da FMVZ Unesp, campus Botucatu.

1.2 REVISAO DE LITERATURA

Os parasitas da superfamilia Ancylostomatoidea, particularmente os
pertencentes ao género Ancylostoma, sdo geohelmintos que parasitam diversas
espécies de mamiferos, incluindo cées, gatos e seres humanos. O género
Ancylostoma compartilha, com os demais géneros desta superfamilia, a principal
caracteristica relacionada com sua patogenicidade: a hematofagia (MOLENTO;
FORTES, 2016). Por meio dos dentes e da grande cépsula bucal, alguns
estagios larvais e parasitas adultos se fixam na mucosa do intestino delgado
para se alimentarem de sangue do hospedeiro (ANDERSON, 2000).

No Brasil, as espécies do género Ancylostoma que causam infec¢cao
intestinal em cdes sdo Ancylostoma caninum e Ancylostoma braziliense
(DANTAS-TORRES; OTRANTO, 2014). O A. caninum tem como hospedeiros 0s
cdes domésticos e raposas, enquanto que o A. braziliense além dos anteriores,
tem como hospedeiro definitivo os gatos domésticos (TAYLOR; COOP; WALL,
2017).

1.2.1 Ciclo evolutivo

O ciclo de vida do Ancylostoma spp. é direto (ndo envolve hospedeiros
intermediarios). Sao dioicos, apresentam dimorfismo sexual e seu diametro pode
variar de 12 a 20 mm no A. caninum e de 7,5 a 10 mm no A. braziliense
(TAYLOR; COOP; WALL, 2017).

O ciclo tem inicio com a postura de ovos pelas fémeas no lumen intestinal.
Os ovos presentes nas fezes podem eclodir em até cinco dias no ambiente,
originando, apos duas mudas, as larvas de 3° estadio (L3 - forma infectante). As
L3 ndo se alimentam e sua sobrevivéncia depende de nutrientes armazenados
em seus tecidos. Quando em condi¢cbes ambientais favoraveis, estas podem

permanecer no solo por meses até que encontrem um hospedeiro (ANDERSON,



2000). A infeccao ocorre por penetragdo ativa da larva na pele ou pela sua
ingestao. Na infeccdo percutanea, os coxins plantares sdo uma importante rota
de entrada (MITTRA; SASMAL; SINHA, 1984). As Lz migram por meio de vasos
linfaticos até o ducto toracico, chegam a circulacdo sanguinea e dirigem-se aos
pulmdes. Nos pulmdes desenvolvem a forma L4 nos alvéolos e migram para
brénquios e traqueia. Ao serem deglutidas chegam ao intestino delgado, local
em que desenvolvem as formas adultas Ls, responsaveis pela reprodugéo
sexuada e ovoposicdo. Tanto as formas L4 quanto Ls se fixam na mucosa
intestinal e fazem espoliacdo sanguinea. Quando a infeccdo € por meio da
ingestdo das larvas, as Ls podem seguir até os pulmdes por meio dos vasos
sanguineos ou continuar no trato digestoério, até atingir o intestino delgado. A
migracao pela traqueia e pulmdes leva no minimo de dois a sete dias. O periodo
pré-patente é de 14 a 26 dias (ANDERSON, 2000). Outros mamiferos, como
ratos, gatos domeésticos e macaco Rhesus podem ser hospedeiros paraténicos
do A. caninum, com presenca de larvas imaturas na musculatura (LEE; LITTLE;
BEAVER, 1975).

A hipobiose é uma adaptacao que, ao facilitar a persisténcia das formas
larvares por periodos prolongados no hospedeiro, permite ao parasita aguardar
melhores condicBes para retomar o ciclo evolutivo. O fenbmeno parece ser
comum entre os parasitas nematodeos de animais domésticos e, no caso do A.
caninum, este evento também ocorre (GIBBS, 1986). Isso possibilita, por
exemplo, que cadelas parturientes transmitam via transmamaria os parasitas aos
neonatos até a quinta semana de vida (BURKE; ROBERSON, 1985). As larvas
permanecem na glandula mamaria somente durante a lactacéo, principalmente
na primeira semana pos-parto (ANDERSON, 2000). No caso das cadelas, os
hormonios da gestacédo e lactacdo foram relacionados a saida das Lz do estado
de hipobiose (STOYE; KRAUSE, 1976).

O estado imunoldgico do hospedeiro € apontado como importante para a
entrada das Ls em laténcia, pois em animais mais velhos, em que ja existe
resisténcia ao parasita, o evento € mais frequente do que em filhotes. No entanto,
€ bastante discutivel quais gatilhos, além da gestacéo, levariam ao retorno do
desenvolvimento de formas adultas no intestino (GIBBS, 1986; ARASU;
HELLER, 1999).



Schad e Page (1982) demonstraram que o reaparecimento (tardio) de ovos
nas fezes de um hospedeiro tratado com sucesso nao representa
necessariamente reinfeccdo, mas uma possivel saida de larvas da laténcia. E
mais, outros mecanismos estariam envolvidos na reativacao, além da eliminacéo
das formas adultas do intestino, pois as L3z em hipobiose levaram muito mais
tempo do que o periodo pré-patente para desenvolverem as formas adultas no
intestino, apds tratamento com anti-helmintico. Outro fato relevante € que os
farmacos anti-helminticos de rotina sédo incapazes de eliminar as larvas Lz em
hipobiose. Em um estudo com ratos, drogas como pirantel, fenbendazol,
ivermectina e milbemicina foram testadas e nenhuma causou a reducéo de 90%
das larvas em laténcia, indice considerado ideal. A ivermectina apresentou
melhor resposta (80%), no entanto, somente quando administrada em doses
altas e repetidas (ARASU, 1998).

1.2.2 Fatores predisponentes

No tocante a susceptibilidade do hospedeiro, existem diferencas no grau de
resisténcia em relacdo a idade e sexo. A resisténcia pela idade torna-se aparente
aos oito meses de idade nas cadelas e 11 meses nos caes machos (MILLER,
1965).

A imunidade adquirida por contato prévio é eficiente em controlar a carga
de parasitas, ou seja, o numero de formas adultas no intestino. No entanto, ndo
existe eliminacdo da infeccdo (OTTO, 1941). Quando detentores de uma
resposta hematopoiética adequada e bom estado nutricional, cédes infectados
permanecem com a forma assintomatica da doenca, denominada ancilostomose
cronica compensada (BOWMAN, 2014). Em estudo sobre resposta imune
intestinal de cées de vida livre da Australia (Canis lupus familiaris, Canis lupus
dingo ou hibridos) frente a infec¢cdes naturais por A. caninum, foi possivel
verificar que os parasitas podem residir na mucosa do intestino sem serem
afetados pela resposta imune local, mesmo em hospedeiros que ja
desenvolveram uma resposta imune protetora (CONSTANTINOIU et al., 2015).

O estresse, doencas graves e uso de corticoides sao fatores que podem
fazer com que as larvas hipobidticas voltem ao intestino e iniciem uma infeccao,
provavelmente por imunossupressao (LLOYD; KRISTENSEN; SOULSBY, 1981;
TAYLOR; COOP; WALL, 2017). Apesar da maior expectativa de vida dos



animais de companhia e consequente elevacéo das chances de conviverem com
doencas crbnicas, como endocrinopatias e neoplasias (POPPL et al., 2016), ndo
ha estudos que avaliem o impacto da ancilostomose em cdes com doencas
sistémicas graves. Os relatos na literatura se restringem apenas a forma clinica
denominada ancilostomose cronica descompensada, forma grave e
aparentemente incomum da doenca, apesar da auséncia de dados de
prevaléncia (BOWMAN, 2014).

1.2.3 Prevaléncia

No Brasil, 0 género Ancylostoma spp. figura como o nematédeo de maior
prevaléncia no pais. Sua prevaléncia varia de 6,5% a 95,7%, a depender da
populacao alvo do estudo e a técnica utilizada para deteccéo da infeccéo. Altas
prevaléncias sdo descritas em cdes de areas carentes, caes errantes ou que
pertencem a abrigos para animais (FERREIRA et al., 2009, KLIMPEL et al.,
2010, DAVID et al.,, 2015). Diferente do Toxocara spp., que tem grande
associacdo com a idade do hospedeiro, 0 Ancylostoma spp. acomete caes de
todas as idades apesar da maior susceptibilidade dos mais jovens (KATAGIRI;
OLIVEIRA-SEQUEIRA, 2008; HEUKELBACH et al., 2012).

Os estudos de prevaléncia com diagnéstico realizado pela deteccdo de
ovos nas fezes sdo os mais abundantes e contemplam, mesmo que de forma
desigual, as cinco regides do pais. A prevaléncia em caes domiciliados, no qual
as coletas foram realizadas por amostragem em residéncia nos Estados de
Alagoas, Espirito Santo, Minas Gerais, Parana, Rondbdnia, Santa Catarina e Sao
Paulo variou entre 6,0% a 73,7% (LABRUNA et al., 2006, KATAGIRI; OLIVEIRA-
SEQUEIRA, 2008; FERREIRA et al., 2009; PRATES et al., 2009; STALLIVIERE
et al., 2013; DAVID et al., 2015; CAMPOS et al., 2016; MARTINS et al., 2012;
CURI et al., 2017).

Os estudos baseados em registros de exames coproparasitolégicos
realizados em laboratoérios autbnomos e Universidades, sendo estes oriundos de
Estados como Parana, Rio de Janeiro, Sdo Paulo, Minas Gerais e Rio Grande
do Sul, tiveram a prevaléncia de amostras de fezes positivas para ovos de
Ancylostoma spp. variando de 6,5 a 48% (ARAUJO et al., 2006; LORENZINI;
TASCA; CARLI, 2007; TORRICO et al., 2008; BALASSIANO; CAMPOCS;
PEREIRA, 2009; FERREIRA et al., 2013; FERREIRA et al., 2016). Em cées



errantes ou resgatados de Goias, Santa Catarina, Espirito Santo, Sergipe, Séo
Paulo e Amazonas, a prevaléncia de amostras de fezes positivas para ovos de
Ancylostoma spp. variou entre 37,5% a 85% (KATAGIRI; OLIVEIRA-SEQUEIRA,
2008; OLIVEIRA et al., 2009; ALVES et al.,, 2010; BLAZIUS et al., 2005;
FERREIRA et al., 2009; PEREIRA JUNIOR; BARBOSA, 2013).

Nos trabalhos no qual a necropsia foi a técnica de elei¢céo para colheita de
material intestinal, em dois estudos contatou-se a presenca de A. caninum, com
prevaléncias que variaram de 19,3% a 95,7% (KLIMPEL et al., 2010;
HEUKELBACH et al.,, 2012), realizados em Minas Gerais e Ceara,
respectivamente. JA em dois estudos de Sao Paulo, A. caninum foi o mais
prevalente (por volta de 60%) e A. braziliense ocorreu tanto de forma isolada
(aproximadamente 20%) quanto mista com A. caninum (cerca de 30%)
(BRESCIANI, et al., 2008; COELHO et al., 2011). Em cées eutanasiados devido
a leishmaniose em Minas Gerais, a prevaléncia de A. caninum foi de 63,4% e de
A. braziliense de 24,7% (SALDANHA-ELIAS et al., 2019).

O Unico estudo que utilizou técnicas de biologia molecular para fazer o
diagndstico da infeccdo a partir dos ovos presentes nas fezes, foi Oliveira-Arbex
e colaboradores (2017). Essa pesquisa ocorreu com caes de Pratania, cidade
limitrofe a Botucatu, e foi detectado como infeccdo mais prevalente o A. caninum
(61,4%), seguido por infegcbes mistas com A. braziliense (26,1%) e simples por
A. braziliense (12,5%).

1.2.4 Sinais clinicos e achados laboratoriais

A gravidade da infeccdo depende da espécie infectante (A. caninum é
reconhecidamente mais patogénico), e da carga parasitaria (GEORGI;
LEJAMBRE; RACTLIFFE, 1969; DIAS et al., 2013). Os estagios larvais do A.
caninum presentes no intestino causam danos ao 6rgao tanto pela erosdo da
mucosa do intestino delgado, que pode continuar exsudando proteinas e
hemacias mesmo ap0s a retirada do aparelho bucal do parasita, quanto pela
hematofagia (STOYE, 1992). Apesar de pouco comum, a penetracdo e migracao
das Lz na pele pode originar quadros de dermatites, principalmente nas patas
(URAL; OZYILDIZ; YILMAZ, 2012). As formas clinicas da doen¢a podem ser
divididas em hiperaguda, aguda e crénica (BOWMAN, 2014).



A ancilostomose hiperaguda origina-se frequentemente das infec¢des por
via transmama@ria, na qual a carga de parasitas ingerida pelos neonatos é capaz
de levar ao Obito em curto intervalo de tempo (BURKE; ROBERSON, 1985;
BOWMAN, 2014). Devido ao baixo peso corporal de neonatos e filhotes, mais de
250 parasitas espoliando sangue podem causar a morte em até sete dias pos-
infeccdo (menor que o periodo pré-patente, ou seja, sem surgimento de ovos
nas fezes). Nas perdas rapidas e intensas de sangue, os sinais de regeneracao
em resposta a anemia ndo sao detectaveis ao hemograma (LANDSBERG;
CROSS, 1935).

Os sinais clinicos da ancilostomose aguda sao palidez de mucosa devido a
anemia, apatia e diarreia acompanhada de sangue ou muco (KOPP et al., 2007;
BRAHMBHATT, 2015). Quadros de dispneia podem ocorrer devido a passagem
de larvas pelo pulméo ou causada pela anemia. Nas infec¢des que perduram por
mais tempo, observa-se perda de peso, opacidade do pelo, perda de apetite ou
apetite exacerbado. Eventualmente, ocorre emaciacao e formacdo de efusédo
abdominal devido a hipoalbuminemia (MOLENTO; FORTES, 2016). Na doenca
aguda costuma-se observar grande quantidade de ovos nas fezes (BOWMAN,
2014). Nesses casos a anemia é inicialmente normocitica normocrémica,
passando a apresentar um carater regenerativo, e podendo apresentar anemia
microcitica hipocrémica se houver deficiéncia de ferro. A eosinofilia pode estar
presente e a leucocitose é relatada na presenca de grande carga de parasitas
(FUJIWARA et al., 2006).

A ancilostomose cronica € em geral assintomatica, mas a presenca do
parasita € detectavel pela presenca dos ovos nas fezes. Em um estudo com
cadelas assintomaticas, observou-se diminuicdo significativa nas concentracdes
de albumina e ferro séricos, em comparacao com céaes higidos. Além disso, as
concentracbes séricas de proteina C reativa desses animais tiveram um
aumento discreto, indicando um processo inflamatorio, possivelmente associado
a hematofagia (SCHMIDT et al., 2016).

Uma vez que o sistema imune esteja debilitado, por exemplo por uma
doenca sistémica de base, é possivel que o cao apresente a forma clinica
denominada crbénica descompensada ou secundaria descompensada. Nesses
casos, o quadro do animal é grave, com sinais de anemia moderada e caquexia
(BOWMAN, 2014).



Em estudo realizado na india com c&es naturalmente infectados, formaram-
se quatro grupos: dois grupos foram tratados com anti-helminticos distintos em
dose Unica, um grupo controle composto por cdes saudaveis e um ultimo grupo
placebo (infectado e néo tratado) (DE et al., 2016). Cada grupo continha cinco
cdes, avaliados nos dias zero, sete e quinze pds-tratamento. Todos os cées
parasitados apresentaram uma diminuicdo significativa do hematécrito em
relacdo ao controle no momento zero, compativel com uma anemia discreta. No
grupo placebo, houve uma alterac&o significativa nas variaveis hematologicas no
decorrer de 15 dias: diminuicdo do hematdcrito (30% para 23%), hemoglobina e
hemacias, passando de anemia normocitica normocrémica para microcitica
hipocrémica. Na avaliacdo bioquimica sérica, houve diminuices significativas
nas concentracdes de ferro, albumina e proteina total.

Em outro estudo da india, casos atendidos na University Veterinary Clinic-
Jabalpur tiveram as fezes avaliadas para diagnostico microscopico de helmintos
(técnica de centrifugo flutuacéo) e macroscopico para identificacdo de proglotes
de cestddeos. Com base nessas avaliacbes os casos foram divididos em caes
com e sem parasitas, e as variaveis hematol6gicas comparadas. O helminto mais
prevalente foi o Ancylostoma spp., e esteve presente em 33 dos 39 animais
positivos na técnica de centrifugo flutuacdo. Os indices hematimétricos,
excetuando o volume corpuscular médio (VCM), estavam diminuidos no grupo
parasitado. Em relacdo ao leucograma, o valor relativo de linfocitos estava
diminuido e de eosindfilos aumentado (QADIR et al., 2011). No entanto, nenhum
dos dois estudos caracterizou 0s animais selecionados quanto a idade, sexo,
sinais clinicos e ndo descreveram critérios de inclusédo e exclusédo, o que pode
afetar a avaliacdo hematologica.

Um estudo realizado na Zambia avaliou a prevaléncia de Ancylostoma spp.
em caes de uma raca local, e aferiu, aléem de hematdcrito, o valor relativo de
eosinofilos e proteina total plasmatica. Nenhuma das variaveis apresentou
diferenca significativa entre cdes parasitados e ndo parasitados. A hipétese para
justificar os resultados obtidos foi que se tratavam de infec¢des assintomaticas
em caes de area endémica e que desenvolveram resisténcia associada a idade
(BWALYA; NALUBAMBA; NALUBAMBA, 2014).

Dias e colaboradores (2013) realizaram infec¢éo experimental aguda de A.

caninum e A. braziliense em cdes com oito a 15 semanas de idade. A dose de
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parasitas inoculada foi baixa e, como previsto, ndo desencadeou sinais clinicos.
Aos 21 dias p0os-infecgdo houve diminuig¢éo significativa no numero de hemacias
e de neutrdéfilos comparado as contagens antes do parasitismo por A. caninum.
Na infeccdo por A. braziliense ndo houve alteracdo hematologica.

Outro estudo realizou infeccédo experimental de caes com idade entre 14 a
24 meses, sem exposi¢cao anterior ao A. caninum, O periodo de avaliacao foi de
zero a 120 dias poés-infeccéo e foi observada uma diminuicdo da contagem de
hemacias/pL (de cerca de 7,5x10° para 4,5 x10°), hematdcrito (47% para 37%),
hemoglobina (16 g/dL para 10 g/dL), e o aumento do VCM, caracterizando uma
anemia macrocitica. No leucograma ocorreu aumento da contagem de
leucécitos/uL (cerca de 14x10° para 18x10%), além de aumento relativo de
eosinofilos (3% para 14%) e de linfécitos (15% para 25%) (DRACZ et al., 2014).

1.2.5 Diagndstico

O método comumente empregado para o diagndstico de parasitoses
intestinais séo os testes de flutuacdo dos ovos nas fezes. A técnica de flutuacao
simples foi descrita na década de 1920 por Willis (WILLIS, 1921), e é
amplamente utilizada para deteccdo de ovos de helmintos. De carater qualitativo,
a técnica baseia-se na elevacdo da densidade da solucdo até uma gravidade
especifica, por meio da adicdo de cloreto de sédio, o que permite que 0s ovos
flutuem, em detrimento de outros componentes das fezes que precipitam.

Como desvantagens, € preciso apontar a impossibilidade de diferenciar os
parasitas da superfamilia Ancylostomatoidea em nivel de espécie por meio da
morfologia dos ovos, referindo-se comumente como ovos de Ancylostoma spp.
Um estudo mensurou o comprimento e largura dos ovos de A. caninum (63,92 +
5,28 um e 39,21 +1,52 um) e A. braziliense (53,03 + 2,33 um e 36.3 + 1,35 um),
de 20 amostras de fezes de cées e gatos, e afirmou ser possivel diferenciar as
duas espécies em microscopia Optica quando realizada por profissional
experiente (LUCIO-FOSTER et al., 2012). No entanto, essas diferencas de
tamanho variaram consideravelmente em levantamento bibliografico realizado
neste mesmo trabalho. Portanto, a verificagdo quanto a reprodutibilidade desses
resultados precisaria ser feita para validar seus achados.

Com a finalidade de diferenciacédo a nivel de espécie, pode-se realizar a

coprocultura ou identificagdo dos parasitas adultos em necropsia. Outra
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desvantagem é que as infec¢des hiperagudas podem ter resultado negativo no
exame coproparasitologico, pois, apesar da grande quantidade de parasitas no
intestino, estes ndo concluiram sua maturacdo (MOLENTO; FORTES, 2016). As
técnicas mais modernas de diagnostico tém se mostrado sensiveis na deteccéo
de infeccdo e eficientes na identificacdo das espécies dos parasitas, como as
técnicas de ELISA e PCR (ADOLPH et al., 2017; OLIVEIRA-ARBEX et al., 2017).

1.2.6 Tratamento e profilaxia

De acordo com as diretrizes do European Scientific Counsel Companion
Animal Parasites (ESCCAP, 2017), a frequéncia do uso de anti-helmintico e da
realizacdo de exame coproparasitolégico é dependente da exposi¢cdo do animal
a situacbes que levam a um maior risco de infec¢cdo, como apresentada em
linhas gerais na Figura 1. A resisténcia e até mesmo multirresisténcia aos anti-
helminticos ja foi reportada em parasitas da espécie A. caninum (KOPP et al.,
2007, KITCHEN et al., 2019). O uso indiscriminado dessas drogas permite a
selecdo de parasitas resistentes e neste contexto, a realizacdo do exame
coproparasitolégico com a frequéncia sugerida na figura 1 é recomendada como
uma alternativa ao tratamento preventivo (ESCCAP, 2017).



12

Caso o0 risco de
infeccao do cdo néo
possa ser avaliado,

vezesaoano | ele devera ser
exame das exame de fezes ou

Céo livre para transitar Tratar 1-2

fezes tratado pelo menos
4 vezes por ano.

Contato com

caes que
Sem !
. vivem em
Supervisao outras Tratar 12 vezes
AN A ao ano contra Tratar 4
residéncias p
cestodeos, 4 vezes ao ano

vezes contra ou realizar
ascarideos ou exame de
realizar exame fezes

Tratar 12 das fezes
vezes ao ano Ingere carnica ﬁ
ou realizar ou fezes de
exames das outros caes
fezes Alimenta-se de caca ou realiza caga

Figura 1. Recomendacdes gerais para o controle de endoparasitas em cées.
Adaptado de ESCCAP (2017).

O Tropical Council for Companion Animal Parasites (2018) preconiza que
os filhotes sejam tratados preventivamente com anti-helminticos adequados para
essa faixa etaria na segunda, quarta, sexta e oitava semanas de idade. A cadela
deve ser tratada ao mesmo tempo que os filhotes. Os principios farmacoldgicos
indicados sédo fembendazol, oxibendazole, pirantel, ivermectina, selamectina,
milbemicina e moxidectina (CASTRO, 2015; TCCAP, 2018). As medidas
profildticas frente a contaminagcdo ambiental s&do imprescindiveis. A
desverminacdo dos caes, além do descarte diario e adequado das fezes sao
medidas simples e eficazes. A falta de conhecimento dos tutores a respeito das
parasitoses e suas consequéncias para saude dos cdes e dos seres humanos
continua sendo ainda hoje um grande empecilho para prevencdo e controle
eficazes (KATAGIRI; OLIVEIRA-SEQUEIRA, 2008).
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1.2.7 Implicagdes da ancilostomose na saude publica

Muito do que atualmente se conhece da fisiopatogenia e interagdes
parasita-hospedeiro nas infec¢des por A. caninum surgiu pela utilizacdo de caes
como modelo experimental para infeccdo em seres humanos (FUJIWARA et al.,
2006). As espécies da superfamilia Ancylostomatoidea responsaveis por
parasitar o trato intestinal dos seres humanos sdo Necator americanus e
Ancylostoma duodenale. Estes possuem notdria proximidade filogenética com
A.caninum. Além disso, A.caninum e A. duodenale sdo muito similares, pois
ambos possuem formas hipobiéticas, ciclo fecal-oral , transmisséo transmamaria
e periodo pré-patente semelhantes (SHEPHERD; WANGCHUK; LOUKAS,
2018). Apesar das limitac6es do uso dos caes como modelo para ancilostomose,
tanto pela questéo ética devido a eutanasia dos cdes nos experimentos, como
por diferencas imunoldgicas frente a infeccdo, seu uso ainda é visto como
promissor na pesquisa translacional (FUJIWARA et al., 2006; SHEPHERD;
WANGCHUK; LOUKAS, 2018).

A despeito de todo conhecimento gerado a respeito do tema, em regides
como o continente asiatico, Africa subsaariana e América do Sul e Central, a
pobreza e a falta de saneamento basico acarreta em cerca de 500 milhdes de
seres humanos infectados, principalmente criancas (LOUKAS et al., 2016).
Ainda que o tratamento anti-helmintico seja efetivo no controle das infeccoes, as
parasitoses intestinais se encontram na lista de doencas negligenciadas da
Organizacado Mundial da Saude (HOTEZ et al., 2004; WHO, 2018).

O A. caninum e A. braziliense podem infectar o homem, causando zoonoses
como a larva migrans cutanea (A. braziliense principalmente) e enterite
eosinofilica, quando ocasionalmente o A. caninum atinge o intestino do ser
humano (BOWMAN et al., 2010). O A. ceylanicum, apesar de ndo ter sido
descrito no Brasil, desenvolve suas formas adultas no intestino de caes
domésticos, gatos, seres humanos (YOSHIDA; OKAMOTO; CHIU, 1968;
SMOUT, 2017) e caes selvagens na Australia (SMOUT et al., 2013); sendo
considerada uma zoonose negligenciada (INPANKAEW et al., 2014). Em estudo
realizado em um distrito com poucos recursos em Manaus-AM, a prevaléncia de
larva migrans cutanea foi de 8,2%, e foi associada, entre outros fatores, com a
pobreza (REICHERT et al., 2016).
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A contaminacao de areas publicas por ovos e larvas de Ancylostoma spp.
€ uma realidade no Brasil. As pesquisas em pracas, caixas de areia, creches e
praias, tanto de fezes de cdes quanto do solo, demonstraram que 0 género
Ancylostoma aparece com alta prevaléncia, sendo por vezes apenas superado
por ovos de Toxocara spp. (SANTAREM; SARTOR; BERGAMO, 1998;
GUIMARAES et al., 2005; MANDARINO-PEREIRA et al., 2010; CASSENOTE et
al., 2011; ALVES; COELHO; COELHO, 2014; SPRENGER; GREEN;
MOLENTO, 2014; BARROS et al., 2018, BRICARELLO et al., 2018). Em estudo
que avaliou a contaminacdo em pracas de Botucatu entre 2017 e 2018, a
presenca de ovos de Toxocara spp. teve prevaléncia de 20%. Ja para 0S 0ovos
de Ancylostomatidae, a prevaléncia foi por volta de 3% do total de pracas
analisadas (PROVIDELO, 2019).

Diante do panorama exposto, fica evidente que o conceito de One Health,
no que tange a saude humana, animal e o ambiente, deve ser considerado
(LERNER; BERG, 2017). Os cées e seres humanos compartiiham o mesmo
ambiente e convivem de forma muito proxima, na sociedade atual. A educacéo
em saude é capaz de assegurar a sanidade e bem-estar dos caes, e estes por
sua vez contaminardo menos o ambiente, acarretando menor quantidade de

casos de zoonoses e novos céaes infectados.

1.3 JUSTIFICATIVA

Os dados hoje disponiveis na literatura sao escassos a respeito dos
achados laboratoriais e clinicos nas infec¢bes naturais por Ancylostoma spp.,
gue podem auxiliar no seu diagnostico e na compreenséao da patogenicidade. A
despeito da baixa letalidade, as infec¢cdes ocorrem em cdes de qualquer faixa
etaria com elevadas prevaléncias e existem prejuizos aos hospedeiros mesmo
em infecgbes assintomaticas. Além disso, ndo se conhece o quanto essas
infeccbes contribuem para a piora do estado geral de cdes com doengas
sistémicas graves ou de pacientes geriatricos.

O Brasil possui condigcbes ambientais que favorecem o ciclo do parasita,
além das baixas condi¢cdes socioecondmicas que auxiliam a sua perpetuacao.
Portanto, as parasitoses intestinais dos caes precisam de mais atencgéo, tanto

por parte da classe médica veterinaria, como dos tutores, ndo somente por suas
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implicagbes em saude publica, mas também por comprometer a salude e bem-

estar dos caes.
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CAPITULO 2.
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Trabalho a ser enviado para a revista “Veterinary Parasitology: Regional Studies
and Reports”. Link de acesso para instrucbes de formatacdo de artigos
cientificos:  https://www.elsevier.com/journals/veterinary-parasitology-regional-
studies-and-reports/2405-9390/guide-for-authors


https://www.elsevier.com/journals/veterinary-parasitology-regional-studies-and-reports/2405-9390/guide-for-authors
https://www.elsevier.com/journals/veterinary-parasitology-regional-studies-and-reports/2405-9390/guide-for-authors
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Abstract

Ancylostoma spp. is the most prevalent canine nematode parasite in Brazil.
Despite its high prevalence in juveline dogs, infections may occur at any age.
Eosinophilia is finding in experimental infections; however, it is not commonly

seen in naturally infected dogs examined in routine clinical practise. The aim of
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this retrospective study was to investigate the prevalence of Ancylostoma spp.
and the eosinophils blood counts in naturally infected dogs, with or without
comorbidities, attended at the Veterinary Teaching Hospital of the School of
Veterinary Medicine and Animal Science, Unesp campus Botucatu-Brazil, from
2009 to 2018. All data as gathered from veterinary medical records (VMR) and a
control group was prospectively created. Eosinophil blood counts were executed
if fecal samples were positive for Ancylostoma spp. eggs, which were excluded
when the interval of days between complete blood count and simple flotation test
exceeded seven days, or when VMR lacked in information regarding case history
or physical examination. Based on VMR, positive cases for Ancylostoma spp.
were distinguished as single intestinal parasite infection (group A) and concurrent
systemic disorders (group B), and such as group with (1) or without (0) intestinal
parasitic coinfections (IPC). The overall prevalence of Ancylostoma spp. was
12.1% (207/1,715) and a decreased prevalence was noticed from 2009 to 2013
(13.9%) and from 2014 to 2018 (9.6%). IPC was observed in 44.9% (93/207) of
positives cases of fecal Ancylostoma spp. eggs, and dogs <1 year had higher
quantity of fecal eggs and IPC in comparison to dogs =1 year old. Infected dogs
without systemic diseases or IPC (group A [0]; n=35) presented median
eosinophil blood counts (1.05 x 10%L) and eosinophilia ratio (34.4%) significantly
higher (P<0.05) than the ones observed in the control group (0.45 x 10°%/L and
4.1%, respectively). In groups A (1) (n=20), B (0) (n=39), and B (1) (n=36), there
were no significant differences (P>0.05) when compared to the control group.
Only for the group A (0) had significantly AUC (0.72) in ROC curve. Considering
a 0.85 x 10%L cutoff, sensitivity and specificity were, respectively, 65.7% and

70.8%. Only in cases where there are no associated comorbidities with
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Ancylostoma spp. eggs in feces the eosinophilia is pronounced to an extent that
could aid in clinical suspicion. In other situations, information concerning
prevalence of Ancylostoma spp. as well as the epidemiological findings are
mandatory towards proper diagnosis of the parasitism, which can be confirmed
by fecal examinations.

Keywords: hookworm, canine, prevalence, eosinophilia, coinfection

Abbreviations:

IPC: intestinal parasitic coinfection

RI: reference interval

VMR: veterinary medical records

Highlights:
e Experimental acute infections with Ancylostoma spp. in dogs result in
eosinophilia
¢ Natural hookworm infection without comorbidities have higher proportion
of eosinophilia
e Dogs with concurrent disorders and hookworm have eosinophil count

similar with health dogs

1. Introduction
In Brazil, the genus Ancylostoma spp. is the most prevalent canine
nematode parasite found in fecal examinations and necropsy (Oliveira-Arbex et

al.,, 2017; Bricarello et al., 2018; Saldanha-Elias et al., 2019). Ancylostoma
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caninum and Ancylostoma braziliense, indistinguishable by egg morphology, are
species belonging to the Ancylostomatoidea Superfamily responsible for causing
infection in dogs in the national territory (Dantas-Torres and Otranto, 2014). Both
are zoonoses and cause eosinophilic enteritis and cutaneous larva migrans in
humans, respectively (Loukas et al., 2016).

The pathogenicity of Ancylostoma spp. is mostly related to hematophagy
that leads to intense blood loss (Bowman, 2014), and gastroenteric changes,
which result in diarrhea and dysentery (Kopp et al., 2007). Newborn dogs and
puppies are of most susceptibility and may face deep intestinal hookworm
infections. Because of profound blood spoliation, anemia and death are potential
outcomes from the parasitism (Landsberg and Cross, 1935; Mckenna et al.,
1975). Unlike Toxocara spp., which significant associates with host age,
Ancylostoma spp. affects dogs at any age, in spite of the greater susceptibility of
juvenile dogs (Katagiri and Oliveira-Sequeira, 2008; Gates and Nolan, 2009).

After a phase of paramount susceptibility, that matches the development
of an efficient immune response to the parasitism, adult and elderly dogs may
become chronically infected and asymptomatic (Constantinoiu et al., 2015;
Schmidt et al., 2016). Ancylostoma spp. infections could occur combinated with
other intestinal parasites (Ferreira et al., 2013), as well as with systemic diseases
(Bowman, 2014).

Eosinophils are cells whose primary function is to defend the host against
relatively large organisms, such as helminths (Behm and Ovington, 2000).
Eosinophilia is a frequent laboratory finding in acute experimental infections by
Ancylostoma spp. (Hotez et al., 2002, Fujiwara et al., 2006, Dracz et al., 2014),

however that is not always observed on clinical routine basis in natural infections.
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This could be related not only to the chronic aspect of the Ancylostoma spp.
infection itself (Carroll and Grove, 1984), but also to the endogenous rise of
corticosteroids induced by stress and inflammatory disease, resulting in a
diminished circuling eosinophils in peripheral blood (Young and Meadows, 2010;
Stockham and Scott, 2011).

The aim of this retrospective study was to investigate the prevalence of
Ancylostoma spp. and the eosinophil blood counts in naturally infected dogs, with
or without comorbidities, attended at theVeterinary Teaching Hospital of UNESP,

campus Botucatu-Brazil, from 2009 to 2018.

2. Material and methods

2.1 Prevalence and definition of positive case

All dogs in the study were attended at the Veterinary Teaching Hospital of
UNESP, campus Botucatu, from June 2009 to June 2018. The data gathered in
the study came from veterinary medical records (VMR). Owner consent was
previously in order to access VMR information. The number of simple flotation
tests in canine feces, dates from when each test was performed, their respective
results and age of the dogs at the time of tests were used to calculate prevalence.
Age categories and subcategories were: dogs <1 year (0-5.9 months and 6-11.9
months) and dogs = 1 year (1 to 7.9 years and >8 years). Prevalence results from
simple flotation tests in which the sample was insufficient for analysis were
excluded from prevalence calculations. When a new simple flotation test was
performed within 30 days for the same dog, it was not included in the study.

Ongoing infections by Ancylostoma spp. were defined eggs belonging to

the Ancylostomatoidea superfamily were detected in canine feces by the simple
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flotation method. VCM provided information regarding gender, breed, age, city of
origin, results from fecal examinations (simple flotation and centrifugal-flotation
methods) and quantity of fecal eggs score of Ancylostoma spp.

Comparisons among Ancylostoma spp. eggs scores, presence of
intestinal parasitic coinfection (IPC) and parasites involved with IPC were realized
between dogs <1 year (juveline) and dogs = 1 year (adults). Were excluded dogs

without informed ages on VMR.

2.2 Analysis of eosinophil blood count

2.2.1 Exclusion criteria

Positive cases for fecal Ancylostoma spp. eggs were excluded when time
elapsed from complete blood count and simple flotation test exceeded a seven
days intervals. Missing medical history or physical examination findings in VMR
were also exclusion criteria. Reference interval (RI) eosinophils in blood count
was set at 0.10-1.25 x 10° eosinophils/L (Jain, 1993).

2.2.2 Experimental groups and criteria for the control group

Based on VMR, confirmed infections for Ancylostoma spp. were divided in
intestinal parasitic infection (group A) or concurrent systemic disorders (group B).
Groups A and B were splitted in cases with (1) or without IPC (0).

A prospective control group (group C) was designed to further evaluate
eosinophil blood count from naturally infected dogs with Ancylostoma spp.
Analysis from all three groups were performed by means of the same
standardized techniques and were conducted at the same laboratories. The
control group was approved by the Ethics Committee on Animal Experimentation

(Protocol 0074/2019).
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Inclusion criteria for the control group were: male or female dogs from
Botucatu, over 15 kg (blood donors included), from one to 8.9 years old, up to
date with polyvalent and rabies vaccination, without clinical history of diseases
within the last two months and negative results in simple flotation and centrifugal-
flotation tests. Dogs facing thrombocytopenia (total platelet count below
160,000/pL)(Meyer and Harvey, 2004) or ELISA positive either Ehrlichia sp.,
Borrelia burgedorferi, Anaplasma spp. or Dirofilaria immitis in SNAP 4 Dx Plus®
(IDEXX Laboratories, Maine, USA) without negative test in PCR, were excluded
from the control group

2.3 Laboratory evaluations

Complete blood count was performed at the Veterinary Clinical Pathology
Laboratory of the Veterinary Teaching Hospital. Blood cell counts were
accomplished by automated hematological analyzers Hema-Screenl18 (Ebram
Produtos Laboratoriais Ltda, SP, Brazil) from 2009 to 2014 and PocH-100iVDiff
(Sysmex Corporation, Chou-ku, Kobe, Japan) ever since 2014. Differential
leukocyte count in 100 cells was manually performed by blood smear evaluation
in optical microscopy (1,000x magnification).

Sodium chloride saturated salutation (simple flotation) (Willis, 1921) and
centrifugal-flotation with zinc sulphate (Faust et al., 1938) were performed at the
Laboratory of Parasitic Disease of Animals at the Veterinary Teaching Hospital.
Although the simple flotation method is a qualitative one, the Laboratory of
Parasitic Disease of Animals determinated a semi quantitative score for the
presence of eggs in feces, as follow: most microscope fields of view without eggs
= rare, most of the fields of view with eggs = 1+, all fields of view with 1 - 5 eggs

= 2+, and all fields of view with > 5 eggs = 3+. Such semi quantitative appraisal
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was carried out in optical microscopy of 40x magnification, using 24x24 mm cover
glass.

2.4 Data analysis

The GraphPad Version 8 software (GraphPad Software Inc., San Diego,
CA, USA) provided statistical analysis. The Shapiro-Wilk test was used for
normality evaluation. The median, 25% and 75% percentiles, and range were
used to represent the nonparametric data set. Medians were compared by
Kruskal-Wallis test, and analysis of proportions were measured by Chi-squared
or Fisher tests. The ROC curve was performed to evaluate the sensitivity and
specificity of the eosinophil blood count of dogs infected by Ancylostoma spp. in
order to compare with the control group. The statistical significance was set at P

<0.05.

3. Results

Of the 1,529 dogs samples underwent simple flotation test, 199 were
positive for Ancylostoma spp. at least once during the nine years of observation,
which corresponds to 13.0% of prevalence. Of these dogs, six have had two
positive tests and one dog has had three positive tests, with median time elapsed
between positive results of 570 days. The prevalence of positive cases of
Ancylostoma spp. eggs in feces was 12.1% (207/1,715). Figure 1 shows the
numbers of simple flotation tests, number of cases investigated and positive
cases for Ancylostoma spp. eggs.

Prevalence of positive infections by Ancylostoma spp. was higher (P
<0.01) from years 2009 to 2013 (13.9% - 135/972) than for the 2014 to 2018

period (9.6% - 72/743). Only 1,587 out of 1,715 investigated cases were provided
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with age information in VMR. There was no significant difference in the
prevalence of dogs < 1 year (10.7% - 51/478) and = 1 year (11.7% - 130/1,109).
However, an 8.2% (28/341) and a 16.8% (23/177) prevalence (P < 0.01) was
detected in dogs of 0-5.9 and of 6-11.9 months old, respectively.

All 207 detected cases of Ancylostoma spp. were characterized by gender,
age, breed, city of origin, fecal egg score, presence or absence of IPC and its
corresponding parasite identification (Table 1 and Table 2). The proportion of
dogs with mixed-breed and pure breeds were similarly infected and the most
commonly parasitized breeds were Poodle (20/102), Pitt bull (15/102), German
shepherd (10/102), Labrador (7/102), Cocker spaniel (5/102), Border collie
(5/102), and Shih tzu (4/102). The centrifugal-flotation test was performed in
98.1% (203/207) of the samples, and two of these had previously been detected
with IPC in the simple flotation test. In 45.6% (93/205) of the samples there were
other intestinal parasites identified.

Dogs <1 year old experienced IPC more frequently (58.5% - 30/51) than
did dogs =1 year old (38.5% - 50/130) (P = 0.02). Coinfections with Giardia spp.,
Cystoisospora spp. and Toxocara spp., were observed to happen in 19.6%
(10/51), 17.5% (9/51,) and 17.5% (9/51), respectively, of dogs <1 year old, and
in 15.4% (20/130), 18.5% (24/130) and 4.5% (6/130), of dogs =1 year old. Only
Toxocara spp. eggs were identified in a meaningly higher prevalence (P =0.01)
in dogs <1 year old .For analysis of the quantity score of Ancylostoma spp. eggs,
48 dogs <1 year and 126 dogs =1 year were used. Seven cases were excluded
because the VMR data did not provide the Ancylostoma spp. eggs score. In dogs

= 1 year there was no difference (P>0.05) in the proportion between the different
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scores. In dogs <1 year old, the 3+ score was significantly higher than the rare
and 2+ scores (Figure 2).

Control group (group C) comprised 10 female and 14 male dogs, including
Labrador retriever (4), Golden retriever (2), English pointer (2) and Chow chow
(2). Other breeds had only one representative each and six were mixed-breed.
The median age was three years old and the weight was 32.5 kg (15-60 kg).

Out of 130 cases of Ancylostoma spp eggs in feces selected for eosinophil
blood count, 75% had complete blood count been carried out on the same day of
the simple flotation test, 18% on one to two days previously and the remaining
7% on three to six days prior to the simple flotation test. Among these 130, 55
had no concurrent systemic disorders (group A) and 75 chad evidence of
concurrent systemic disorders according to VMR (group B). In group B, 102
disorders were reported (Table 3), given that 54 dogs endured single disorders,
15 suffered from two and six beared three distinct ongoing disorders. The
eosinophil blood count was compared between groups A and B, with (1) and
without IPC (0), and up against control group (Table 4). Only group A (0) (without
IPC or systemic disorders) faced higher median eosinophil counts in comparison
with group C. Group A (0) also had a lower proportion of eosinopenia and higher
eosinophilia compared with group C.

In ROC curve analysis, only group A (0) had a number of eosinophils with
a distinct distribution from the control group, with the area under the curve (AUC)
of 0.72 (95% CI - 0.59 to 0.85) (Figure 3). By setting the cutoff at 0.85 x 10°/L,
the sensitivity and specificity was 65.7% and 70.8%, respectively. Therefore, at
eosinophil blood count above 0.85 x 10%L, the probability of identifying true

positives for Ancylostoma spp. eggs is 65.7%, whereas the probability of a true
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negative for Ancylostoma spp. eggs go undetected is 70.8%. With the cutoff point

of 0.85 x 109/L, the likelyhood ratio of sensitivity was 2.25.

4. Discussion

The overall prevalence of positive cases (12.1%) similar to those observed
in retrospective studies at Veterinary Teaching Hospitals in Sdo Paulo (7.1%)
(Ferreira et al., 2016) and Londrina (6.2%) (Ferreira et al., 2013), as well as
prospective investigations from private practices in Rio de Janeiro (15.7%)
(Balassiano et al., 2009) in from 2005 to 2014, 2008 to 2011, and 2003 to 2004,
respectively. There was a decreased of prevalence of 13.9% (2009 to 2013) to
9.6% (2014 to 2018) in our study. Ferreira et al. (2016) also found a decrease in
the frequency of Ancylostoma spp. from 1991 to 2014 in S&o Paulo. However, a
retrospective study with data from our Laboratory of Parasitic Disease of Animals
from 2002 to 2006, reported a prevalence 38% for Ancylostoma spp. eggs in
canine feces (Torrico et al., 2008), whereas domiciled dogs from medium class
districts of Botucatu in the years 2004 and 2005 had prevalence of 18,2%
(Katagiri and Oliveira-Sequeira, 2008). Therefore, prevalence is more probably
related to the target dog population, than to the evaluation year. Prevalence in
the Veterinary Teaching Hospital UNESP Botucatu has been decreasing since
2002.

The prevalence regarding age was similar between the compared
categories, but between the subcategories 0-5.9 months and 6-11.9 months, the
proportion in the latter was twice higher. Both subcategories are susceptible to
infections, but this difference may have occurred because in newborns and pups

infections could have rapid and intense blood loss before parasites had
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completed the pre-patent period (Landsberg and Cross, 1935). In this context,
simple flotation tests may have false negative results (Taylor et al., 2017). In
addition, severe cases of parasitism in puppies are common, which could lead to
concerns about anthelmintic treatment in this age group. The maintenance of the
prevalence of infection in adult and elderly dogs, as well as the results of the
seven dogs that presented more than one positive test during the study period,
may have been caused by reinfection or the resumption of development of
hypobiosis larvae (Schad and Page, 1982; Gibbs, 1986). A similar condition was
reported by Katagiri et al. (2008) in dogs under one year old with a prevalence of
positive samples compared to adults. In the study by Ferreira et al., (2016) being
older than one year was significantly related to a higher prevalence of positive
Ancylostoma spp. eggs samples. However, there are controversies and
numerous studies point to a higher proportion of infections in dogs below one
year old (Oliveira-Sequeira et al., 2002; Balassiano et al., 2009; Gates and Nolan,
2009).

Dogs 21 year old had no differences among scores, whereas dogs <1 year
presented a gradual increase in the scores. The 3+ score was significantly higher
than the rare and 2+ scores. There is a relationship between the number of eggs
and the number of parasites, with a decrease in the number of eggs and the
chronicity of the infection (Carroll and Grove, 1984). Therefore, apparently
juvenile dogs had a higher proportion of acute infections and for this reason
higher egg count was observed.

Out of the 207 positive cases of Ancylostoma spp. eggs in feces, IPC was
noticed in 45.6% samples. In a study conducted at Southern Brazil, 120 dogs

were positive for Ancylostoma spp. eggs in feces and 46.7% of infections were
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caused by at least another concurrent helminth (Stalliviere et al., 2013). In a
retrospective study based on data gathered from a veterinary hospital in Sao
Paulo, IPC occurred in 23.5% of the cases infected with Ancylostoma spp.
(Ferreira et al., 2013). In our study, the frequency of IPC in dogs <1 year old was
58.5%, being superior than dogs = 1 year old (38.5%). Ferreira et al. (2016)
reported IPC (7.6%) and Toxocara spp. (2.5%) to a greater extent in dogs <1
year old yet their study assessed the prevalence of all parasites, not exclusively
Ancylostoma spp. These findings are suggestive that, in addition to the increased
susceptibility of dogs under one year old for distinct intestinal parasites (Gates
and Nolan, 2009), there may be other risk factors associated with the occurrence
of IPC, possibly environmental elements. Due to their greater IPC, the juvenile
dogs have a higher potential for environmental contamination with distinct
zoonotic agents through single fecal sample (Lorenzini et al., 2007; Ferreira et
al., 2013; Dantas-Torres and Otranto, 2014). In addition to the Ancylostoma spp.
infection itself, Giardia spp., Toxocara spp. and Strongyloides stercoralis were
detected agents in fecal examinations in our study.

Concurrent systemic disorders associated with Ancylostoma spp. largely
varied. Infectious diseases (distemper, erlichiosis, viral and bacterial
gastroenteritis) proved to be the most commonly recorded ones. These diseases
and others such as neoplasms, kidney and liver diseases, lack of specific clinical
signs, similarly to what hookworm infection brings about diarrhea, vomiting,
apathy, weight loss and anemia (Finora, 2003; Martella et al., 2008; Ueno et al.,
2009; Goddard and Leisewitz, 2010; O'neill et al., 2013; Bexfield, 2017; Thawley,

2017). Therefore, considering the severity of these conditions and the clinical
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signs they may entail, the presence and relevance of intestinal parasites could
be underestimated during routine practise.

In an attempt to isolate possible interferers in the evaluation of eosinophil,
which could contribute to both increase and decrease counts, this study was
designed to have multiple groups. Eosinopenia can occur in dogs under
emotional or physical distress, and inflammatory diseases that lead to
endogenous adrenocorticosteroid release, as well as hyperadrenocorticism
(Schultze, 2010). Besides, some diseases cause suppression in bone marrow
production of leukocytes, such as leukemias and infectious diseases. On the
other hand, hypersensitivity reactions, hypoadrenocorticism, other parasites
(Dirofilaria, Spirocerca, Trichuris, Strongyloides, and larval migration of ascarids)
and inflammatory conditions that result in mast cell degranulation may induce
peripheral blood eosinophilia (Stockham and Scott, 2011). Having excluded
occurrence of such factors, median eosinophil cell counts and eosinophilia ratio
in group A (0) were higher in comparison to group C. In the other groups
characterized by presence of Ancylostoma spp. eggs in feces, median eosinophil
counts were not different from the control group.

Eosinopenia alone holds few clinical importance, even being portrayed in
healthy dogs (Young and Meadows, 2010), but in our evaluation its occurence
correlates with other clinical findings. Dogs with concurrent disorders were
approximately 25% affected, which was higher but not statistically different from
the control group. In contrast to that, eosinopenia in dogs from group A (0) was
uncommon, and statistically less frequent when compared to the control group.

AUC of 0.72 is considered to be of moderate accuracy (Greiner et al.,

2000), and is useful in discriminating positive dogs for Ancylostoma spp. eggs.
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Furthermore, dogs with eosinophil blood counts above 0.85 x 10%L has 2.25
more likely to detect truly positive. In general, a positive likelyhood ratio above
two is considered a good probability (Jensen and Kjelgaard-Hansen, 2010) In
studies performed with absolute eosinophil counts in humans and dogs, which
was intended to use this counting as biomarker and diagnosis, the AUC obtained
2019). In our study and others reported above, the disorders implied in an
increase in the number of eosinophils in the peripheral blood, and based on the
AUC, it is possible to propose that there was a similar ability to differentiate
positives and negatives through counting eosinophils.

Except for the control group, it is mandatory to consider that all laboratory
analysis were performed by different professionals over time, despite the
standardization of laboratory techniques and clinical records. Accuracy errors
inherent to the leukocyte differential count in 100 cells could have reflected in the
eosinophil blood count. Furthermore, diseases may not have been diagnosed

when the dogs were admitted to the Veterinary Teaching Hospital.

5. Conclusion

Despite the Ancylostoma spp. parasitism drop in prevalence over the
years, the infection deserves proper awareness because one in 10 cases was
positive for eggs of the parasite at the Veterinary Teaching Hospital of Unesp,
campus Botucatu as evaluated by the simple flotation test. Juvenile dogs are
affected differently from adults, presenting higher intestinal parasitic coinfections
and egg fecal scores to a greater degree. Ancylostoma spp. infections can occur

concomitantly with numerous systemic disorders and intestinal parasitic
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confections, which leads to a median number of eosinophils similar to healthy
dogs. Only in cases where there are no associated comorbidities eosinophilia is
pronounced to an extent that could aid in clinical suspicion. In other situations,
knowing the status of prevalence of Ancylostoma spp. and epidemiological
aspects are the main tool to assist in clinical suspicion, which can be confirmed

by fecal examinations.
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Simple flotation tests in canine feces from 2009 to 2018
(n=1,988)

Insufficient fecal samples for test
(n=98)

Simple flotation tests
(n=1,890)

When the same dog had more than one
simple flotation test within 30 days, this was
considered the same case

(n=175)
Cases evaluated Jeavevevenrarananaa]  DOOS that
(n=1,715) underwent
simple flotation
test
(n=1,529)

Positive cases for Ancylostoma spp. eggs in
simple flotation test

(n=207)
Positive dogs for
Ancylostoma
spp. eggs in
simple flotation
Seven test
dogs had (n=199)
more
than one

case

Figure 1. Flow chart of selection of cases included in the study.
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Table 1. Characterization of demographic data from canine positive cases for

fecal Ancylostoma spp. eggs admitted at Veterinary Teaching Hospital of

Unesp, campus Botucatu, from 2009 to 2018.

Categories N Percentage P-value
Gender 200 0.23
Female 94 47
Male 106 53
Age 207 <0.001
Absence of age in VMR 26 12.6
0-5,9 months 28 13.5
6-11,9 months 23 11.1
1-7,9 years 87 42.0
>8 years 43 20.8
Breed 206 0.84
Mixed breed 104 50.5
Pure breeds 102 49.5
City of origin 206 < 0.0001
Botucatu 135 65.5
Radios of 100 Km 60 29.1
Other cities 11 5.4

P-value obtained by Chi-square test.
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Table 2. Characterization of fecal examinations results from canine positive
cases for fecal Ancylostoma spp. eggs admitted at Veterinary Teaching

Hospital of Unesp, campus Botucatu, from 2009 to 2018.

Categories N Percentage P-value
Quantity of fecal eggs score 200 <0.0001
Rare 36 18.0
1+ 51 25.5
2+ 38 19.0
3+ 75 37.5
Intestinal coinfections 205 <0.0001
No coinfections 112 54.6
1 parasite 80 39.0
2 parasites or more 13 6.4
Parasites 105 <0,0001
Cystoisospora spp. 35 33.3
Giardia spp. 32 30.5
Toxocara spp. 18 171
Trichuris vulpi 9 8.6
Other* 11 10.5

*Capillaria spp. Dipylidium caninum, Sarcocystis spp., Strongyloides stercoralis.

P-value obtained by Chi-square test.
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Quantity of fecal eggs score
592

7 Figure 2. Frequency quantity of fecal score for Ancylostoma spp. eggs in dogs
- <1 year (n = 48) and dogs = 1 year (n = 126) simple flotation test.
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Table 3. Disorders (n=102) of the 75 dogs of group B (positives cases for

fecal Ancylostoma spp. eggs with concurrent systemic disorders).

Disorders

Cardiorespiratory

Digestive

Infectious

diseases

Integumentary

Musculoskeletal

Neoplasms

Urogenital

Other

Bronchopneumonia 4), Cardiomyopathy (2),
Cardiopathy (cardiac murmur Ill/IV) (8), Right-sided
congestive heart failure (2)

Cholangiohepatitis (1), Exocrine pancreatic insufficiency
(2), Inflammatory bowel disease (1), Hepatopathy (2)
Babesiosis (1), Bacterial gastroenteritis (3), Distemper
(3), Ehrlichiosis (21), Hemoparasitosis (2), Viral
gastroenteritis (5)

Atopic dermatitis (3), Dermatophytosis (1), Otitis (3),
Otodectic mange (1)

Abscess/phlegmon/myiasis  (2), Claudication (1),
Coxofemoral dysplasia (1), Cruciate ligament rupture (1),
Fracture (2), Intervertebral disk disease (2), Paresis (1),
Paraplegia (1), Rectal prolapse (1)

Cutaneous mesenchymal tumor (1), Multicentric
lymphoma (1) Pulmonary metastases (1), Oral cavity
tumor (1)

Cystitis (4), Prostatitis (1), Renal disease (6)

Cleft lip (1), Endocrinopathy suspicion (3),
Hydrocephalus (1), Hypothyroidism (1), Idiopathic
epilepsy  (3), Metronidazole intoxication (2),

Vestibulopathy (1)
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612 Table 4. Comparison of eosinophil blood count and proportion related to RI

613 among groups A (0), A (1), B (0), B (1) and control group (group C).

Eosinophils N Median 25%-75% Range Below RI Within RI Above RI
(109/L)

Group A(0) 35 1.05* 0.60-1.90 0-6.00 2.8% (1)*  62.8% (22) 34.4% (12)*

GroupA(1) 20 0.45 0.88-0.77 0-2.70 25.0% (5) 55.0% (11)  20.0% (4)

Group B (0) 39 0.40 0.08-0.94 0-3.00  25.6% (10) 56.4% (22) 18.0% (7)

Group B (1) 36 0.40 0.02-0.80 0-2.70 25.0% (9) 58.3% (21)  16.7% (6)

Group C 24 0.43 0.22-1.04 0-1.64 16.7% (4)  79.2%(19)  4.1% (1)

614 * P <0.05 compared to control group (Kruskal-Wallis and Fisher Test)
615 Group A: Dogs positives for Ancylostoma spp. eggs in feces without systemic
616 disorders [(0) - without IPC and (1) with IPC]
617 Group B: Dogs positives for Ancylostoma spp. eggs in feces with systemic
618 disorders [(0) - without IPC and (1) with IPC]
100~
R 751
=
£ 50,
(2}
S AUC=0.72
N 25 [0.59-0.85]
0 T T T 1
0 25 50 75 100
1 - Specificity%
619
620

Figure 3. ROC curve for ability of eosinophil blood count to discriminate
healthy dogs and dogs with Ancylostoma spp. eggs in feces belonging Group
A (0) (without comorbidities associated). Numbers in square backets

represent 95% confidence limits for the AUC.
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CAPITULO 3.



Trabalho a ser enviado para a revista “Acta Scientiae Veterinariae”.
Link de acesso para instru¢des de formatacéo de artigos cientificos:

https://www.ufrgs.br/actavet/Instrucoes-ASV.pdf
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Clinical and laboratory findings of ancylostomosis in naturally infected adult dogs

in Botucatu-SP and region: retrospective study.

Bruna dos Santos?, Naiara Mirelly Marinho da Silva®, Silvia Vargas Mora®, Elizabeth

Moreira dos Santos Schmidt?, Regina Kiomi Takahira®

! Department of Veterinary Clinics, Sd0 Paulo State University (Unesp), School of

Veterinary Medicine and Animal Science, Botucatu, Sdo Paulo, Brazil.

CORRESPONDENCE: R.K. Takahira [regina.takahira@unesp.br - Tel.: +55 (14) 3880-
2057. Departamento de Clinica Veterinaria, FMVVZ UNESP - campus Botucatu. Av. Prof.

Walter Mauricio Correa s/n., CEP 18618-681, Caixa Postal 560 Botucatu, SP, Brasil.

Abstract

Background: Ancylostoma spp. is the most prevalent helminth in dogs from Brazil. Due
to hematophagy, it can outcome puppies to die, and although dogs develop an immune
response capable of controlling the parasitic burden with age, adult and elderly dogs may
remain infected and asymptomatic. The aim of this retrospective study was to characterize
clinical and laboratory findings of hookworm in naturally infected adult dogs, attended at
the Veterinary Teaching Hospital, Unesp campus Botucatu, from 2009 to 2018.
Materials, Methods & Results: Dogs were positive for Ancylostoma spp. when eggs of
the Ancylostomatoidea superfamily have viewed in fezes, by simple flotation method.
The data gathered in the study came from medical records. Owner consent was previously
in order to access medical records information. Inclusion and exclusion criteria were
applied to select dogs older than one year, without comorbidities and with clinical
symptoms. Demographic information (gender, age, breed, city of origin), clinical signs,

environmental aspects and physical examination were compiled. Hematological and
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serum biochemistry variables were compared to a prospectively selected control group
using the unpaired T-test, Mann-Whitney test and Pearson or Spearman correlation. The
statistical significance was set at P <0.05. Of the 207 positive cases, 23 were selected.
The reported clinical signs were mostly associated to the gastrointestinal tract, which
were most commonly described: diarrhea 13/23 (56.5%), dysentery 12/23 (52.2%),
emesis 8/23 (35.8%), melena 6/23 (26.1%), apathy 5/23 (21.7%), weight loss 5/23
(21.7%) hyporexia 5/23 (21.7%), soft feces 5/23 (21.7%), feces with mucus 4/23 (17.4%),
polydipsia 3/23 (13.0%) and anorexia 3/23 (13.0%). Only 4/23 (17.4%) had no diarrhea
and/or dysentery. Regarding the environment, 7/21 (33.3%) had street access, 16/19
(84.2%) lived in urban areas, 12/19 (63.1%) had contact with other dogs. Anthelmintic
was confirmed by 16/18 (88.9%) tutors in the anamnesis, however 8/16 (50%) of those
who answered in the affirmative had done the used antihelminthic at least 90 days ago.
On physical examination, elevation of body temperature above 39.2°C in 6/22 (27.3%)
and pain on abdominal palpation in 6/21 (28.6%) were highlighted. There was a decrease
in the red blood cell count (P = 0.002), hemoglobin concentration (P = 0.007), hematocrit
(P = 0.007), and lymphocytes count (P = 0.023) and an increase in platelet count (P =
0.040), leukocytes count (P = 0.001), neutrophil count (P = 0.001), eosinophil count (P =
0.001), and monocytes count (P = 0.005) compared to the control group. In serum
biochemistry, there was and decrease in albumin concentrations (P = 0.004) and increase
in globulin (P = 0.014) in dogs with ancylostomosis. There was a moderate and positive
correlation between red blood cell count and albumin concentration (r=0.69).

Discussion: The study population consisted of dogs attended at the Veterinary Teaching
Hospital, which possibly facilitated finding cases with clinical symptoms in adult dogs.
One third of the dogs had street access and most had contact with other dogs. Therefore,

it is possible that the frequency of anthelmintic use is not adequate to the risk of infection
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in which dogs were exposed. When compared results of the laboratory analysis with
reference interval, differences were minor. The moderate correlation between red blood
cell count and albumin concentration may be associated not only with parasite
exploitation but also with systemic inflammatory process caused by parasitism. Thus, the
laboratory and clinical findings described may assist in a better approach for clinical

treatment and also for more rigorous control of this parasitosis in dogs.

Keywords: dogs, hookworm infection, blood cell counts, clinical signs

INTRODUCTION

The parasites of the Ancylostomatoidea superfamily, particularly those belonging
to the Ancylostoma genus, are geohelminths that parasitize the small bowel of several
mammalian species [1] and their pathogenicity have associated with hematophagy [4]. In
Brazil, the Ancylostoma species that cause infection in dogs are Ancylostoma caninum
and Ancylostoma braziliense [8,30]. Due to the impossibility of distinguishing both
through the morphology of eggs in feces [1], they are reported with the genus name:
Ancylostoma spp. This genus is the most described in fecal examinations and necropsies
in Brazil [6,14,15,18,24,26,28,31] and the second, losing to the genus Toxocara, in soil
contamination by eggs of squares, sandbanks and other recreation areas [35]. A. caninum
and A. braziliense can infect humans, causing zoonoses such as eosinophilic enteritis and
cutaneous larva migrans, respectively [5,19].

Hookworm can be fatal in newborn dogs and puppies in high burden parasitic due
to blood loss [27]. The anthelmintics are used for treatment and prophylaxis at any age
[36], but the anthelmintics has used routinely cannot eliminate hypobiosis larvae [2,17].
Despite developing an immune response capable of controlling the parasitic load, adult

and elderly dogs can remain infected even without clinical signs [4,7]. In addition,
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arrested larvae can return to the intestine without the need for reinfection [32].
Information on the consequences of symptomatic infections in naturally infected dogs
one year of age and older is rare for blood count and biochemical findings.

The aim of this retrospective study was to characterize clinical and laboratory
findings of hookworm in naturally infected adult dogs, attended at the Veterinary

Teaching Hospital, Unesp campus Botucatu, from 2009 to 2018.

MATERIALS AND METHODS
Design of study

All dogs in the study were attended at the Veterinary Teaching Hospital of
UNESP, campus Botucatu, from June 2009 to June 2018. The data gathered in the study
came from medical records. Owner consent was previously in order to access medical
records information. Laboratory variables were compared to a prospectively created
control group.
Inclusion criteria

Dogs were positive for Ancylostoma spp. when eggs of the Ancylostomatoidea
superfamily have viewed in fezes, by simple flotation method. All dogs have tested by
centrifugal-flotation method.
Exclusion criteria

Dogs carriers of intestinal parasitic infection, evidence of concurrent systemic
disorders, complete blood count and simple flotation test exceeded a three days intervals,
missing medical history or physical examination findings in medical records, less than 1
year old and absent of the clinical signs were excluded.

Inclusion and exclusion criteria for the control group
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A prospective control group was designed to further evaluate eosinophil blood
count from naturally infected dogs with Ancylostoma spp. Analysis from all three groups
were performed by means of the same standardized techniques and were conducted at the
same laboratories.

Inclusion criteria for the control group were: male or female dogs from Botucatu,
over 15 kg (blood donors included), from one to 8.9 years old, up to date with polyvalent
and rabies vaccination, without clinical history of diseases within the last two months and
negative results in simple flotation and centrifugal-flotation tests. Dogs facing
thrombocytopenia (total platelet count below 160,000/uL)[29] or ELISA positive either
Ehrlichia sp., Borrelia burgedorferi, Anaplasma spp. or Dirofilaria immitis in SNAP 4 Dx
Plus® (IDEXX Laboratories, Maine, USA) without negative test in PCR, were excluded
from the control group

Clinical and laboratorial evaluation

Demaographic data (gender, breed, age, city of origin) and the following compiled
clinical variables: clinical signs, rectal temperature (°C), heart rate (beats per minute),
respiratory rate (breaths per minute), capillary filling time - CPT (seconds), degree of
dehydration (not apparent, mild, moderate or severe), mucous membrane color (pink, pale
and red). In addition, health and environmental aspects were compiled: street access,
residence in urban or rural areas, contact with other dogs and cats, use of anthelmintic,
polyvalent and rabies vaccination history.

Hematological variables (red blood cell - RBC/uL, hematocrit — HT [%],
hemoglobin [g/dL], mean cell volume - MCV [fL], mean cell hemoglobin concentration
— MCHC [g/dL], plasma protein - PPT [g/dL], platelet count/uL, white blood cell -
WBC/uL, as well as absolute neutrophil, lymphocyte, monocyte, eosinophil and basophil

counts) and serum biochemistry (urea [mg/dL], creatinine [mg/dL], alanine amino
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transferase - ALT [U/L], gamma glutamyl transferase - GGT [U/L], alkaline phosphatase
- ALP [U/L], serum protein - PST [g/dL], albumin [g/dL] and globulins [g/dL]) were
performed at the Veterinary Clinical Pathology Laboratory of the Veterinary Teaching
Hospital.

Blood cell counts were accomplished by automated hematological analyzers
Hema-Screenl8 (Ebram Produtos Laboratoriais Ltda, SP, Brazil) from 2009 to 2014 and
PocH-100iVDiff (Sysmex Corporation, Chou-ku, Kobe, Japan) ever since 2014.
Differential white blood cells count in 100 cells was manually performed by blood smear
evaluation in optical microscopy (1,000x magnification). The HT was determined by
capillary reading of microhematocrit after centrifugation and PPT by the refractometry
method [20]. Serum biochemistry was measured using commercial Kits in the automated
analyzers Cobas® (2009 to 2018) and Mindray Bs 200E’ (as from 2018). Globulin was
calculated by estimation, and its concentration is the value of PTS subtracted of albumin
[34]. Reference intervals (RI1) for adult dogs for both complete blood count [20,29] and
biochemical serium [21] were placed in the comparison tables of the variables.

Sodium chloride saturated salutation (simple flotation) [37] and centrifugal-
flotation with zinc sulphate [13] were performed at the Laboratory of Parasitic Disease of
Animals at the Veterinary Teaching Hospital.

Data analysis

The GraphPad Version 8 software (GraphPad Software Inc., San Diego, CA,
USA) provided statistical analysis. The Shapiro-Wilk test was used for normality
evaluation. Median, 25% and 75% percentiles were used to represent the nonparametric
data. Mean and standard were used to represent the parametric data. Mann-Whitney test
and unpaired t-test were used to compare medians and means respectively, besides

Pearson or Spearman correlation. The statistical significance was set at P <0.05.
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A andlise estatistica foi realizada com uso do software GraphPad Version 88, As
variaveis numeéricas passarem por teste Shapiro-Wilk. A mediana e primeiro e terceiro
intervalos interquartis (entre parénteses) foram utilizados para representar o conjunto de
dados ndo paramétrico, média e desvio padréo para dados ndo paramétricos. O teste de
Mann-Whitney e Teste t ndo pareado foram utilizados para comparar medianas e medias

respectivamente. Em todas as analises foi adotado valor de p<0,05 de significancia.

RESULTS

Of the 207 positive cases for Ancylostoma spp., 23 dogs fill in selection criteria
(11.1% of whole), and the flowchart with the exclusion criteria are present in Figure 1.
The dogs had a median age of 36 months (24 - 60 months), with 43.5% (10/23) females
and 56.5% (13/23) males. Of the dogs evaluated, 17.4% (4/23) had mixed-breed, and
82.6% (19/23) pure breed: Pitt bull (7/19), Poodle (3/19) German shepherd (3/19),
Labrador (2/19) and Rottweiler, Dalmata, Golden retriever and Yorshire had each one
representative. Most animals resided in Botucatu (56.6%) and cities within 100 km
(34.8%). Two of these 23 dogs presented the clinical disease twice, at intervals of one
year and eight months and one year and 10 months. Given the long interval of disease
presentation, new infection cases were considered, and were therefore included as
independent cases.

Control group comprised 10 female and 14 male dogs, including Labrador
retriever (4), Golden retriever (2), English pointer (2) and Chow chow (2). Other breeds
had only one representative each and six were mixed-breed. The median age was three
years old and the weight was 32.5 kg (24-38 kg).

Reported clinical signs are mainly related to the gastrointestinal tract and were as

follows: diarrhea 13/23 (56.5%), dysentery 12/23 (52.2%), emesis 8/23 (35.8% ), melena
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6/23 (26.1%), apathy 5/23 (21.7%), weight loss 5/23 (21.7%) hyporexia 5/23 (21.7%),
soft feces 5/23 (21.7%), mucus feces 4/23 (17.4%), polydipsia 3/23 (13.0%) and anorexia
3/23 (13.0%). Only 4/23 (17.4%) did not find diarrhea and/or dysentery. On physical
examination, as present changes were dehydration, changes as in 3/22 (13.6%), body
temperature above 39.2 °C in 22/6 (27.3%), pale 2/23 (8.7%) and red 2/23 (8.7%) mucous
membranes, CPT three seconds at 21/4 (19.0%). Heart rate was within normal ranges for
all dogs, with a median of 120 bpm (103-130 bpm). The respiratory rate was filled in a
few records (11), with an average of 40 rpm (24-40 rpm). Abdominal palpation pain was
present in 21/6 (28.6%).

Regarding the environment, street access was confirmed in 7/21 (33.3%), 16/19
(84.2%) lived in urban areas, 3/16 (15.8%) in rural areas 12 / 19 (63.1%) and had contact
with other dogs and 3/17 (17.6%) cats. The use of anthelmintic was confirmed by 16/18
(88.9%) tutors in the anamnesis, however, 8/16 (50%) those answered that dogs had been
treated at least 90 days ago, 2/16 (12.5%) in the last 30 days and the remaining 6/16
(37.5%) dogs, despite the affirmative answer of the tutors, did not had date of use of the
anthelmintics in medical records. Polyvalent and rabies vaccines reinforced annually was
affirmative from 12/20 (60%) and 16/21 (76.2%) dogs respectively.

Tables 1 and 2 show comparisons respectively of the hematological variables and
serum biochemistry, between adult dogs with ancylostomosis and the control group.
Person’s correlation between red blood cells count and albumin concentration was

significant (P=0,003), moderated and positive (r=0,69).

DISCUSSION
Compensated chronic ancilostomosis is the name of the disease present in

immunocompetent dogs. This condition is usually asymptomatic, despite the presence of
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eggs of Ancylostoma spp. in feces and anemia [4]. However, the target population of the
study is dogs treated at the hospital, which may have facilitated finding cases with clinical
symptoms, since the largest search for veterinary care occurs when the animal is
presenting signs of disease [23]. As shown in the flowchart of Figure 1, only two adults
dogs, after undergoing all other exclusion criteria, showed no clinical signs.

When assessing the environmental context, a third of total dogs had access to the
street and most had contact with other dogs. Therefore, the frequency of anthelmintic use
cannot have been adequate to the risk of infection to which dogs were exposed. Thus,
regular control of infection would be relevant, either through preventive use of
anthelmintic drugs or fecal examinations [12]. Also post-treatment control is necessary
due to the chance of resistance to the administered drugs [22,25].

Clinical signs related to hookworm infection described in both experimental and
natural infections were similar to those observed in the present study: diarrhea, dysentery
feces with mucus and apathy [3,25]. In an experimental infection study dogs were up to
six months old, and in the naturally infected dog 65% were less than 1 year old. In the
latter, clinical signs and laboratory findings were not segmented in age group. Therefore,
the present study, according to the authors' knowledge, is the only one that addresses the
clinical signs exclusively of adult dogs with hookworm. The physical examination
showed slight alterations and proportionally pain to abdominal palpation and fever (>
39.2°C) [16], were more relevant. In general, in severe parasitism, which mainly affects
the small intestine, both findings may occur [16]. Specifically, in asymptomatic dogs
infected with Ancylostoma spp. there has been an increase in C-reactive protein
concentrations, and although not characterizing an acute inflammatory response, it

demonstrates the presence of a systemic inflammatory process [33].
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Hematological changes in experimental infections for Ancylostoma spp. in
puppies are anemia, neutrophilia, leukocytosis, relative lymphocytosis and eosinophilia
[10,11]. The occurrence of anemia in cases of chronic hookworm is reported, but its
intensity is not described [4]. In general, the hematological changes observed in this study
were discrete in absolute numbers, with means or medians within the RI. However, when
observing eosinophil percentiles, it is clear that at least 25% of dogs have eosinophilia
when compared to IR.

Although decreased erythrogram variables have been detected, it is not possible
to make more accurate inferences about the severity of the decrease in red blood cells,
hemoglobin and HT. This is because erythrogram values before infection or after
treatment are not known. In an experimental study with young dogs, there were reduced
near 10 percentage points in HT (from about 47% to 37%) [11] and the basis for
comparison was pre-infection values. Another study followed hematological and
biochemical variables of naturally infected for Ancylostoma spp. treated with different
anthelmintics [9]. Age of the dogs is not mentioned, but the difference between HT before
and 15 days after treatment was five to six percentage points. In comparison with the
control group, the HT varied from five to 10 percentage points at the time of diagnosis.
Therefore, given the factors that could affect the interpretation of the HT drop result, the
decrease of four percentile points observed in this study seems to be compatible with the
literature data. Signs of regeneration were not visible on erythrogram, and their absence
could be associated with a decrease in the number of red blood cells, resulting in a small
hypoxic stimulus, or due to the onset of chronic disease anemia due to the present
inflammatory process [33,34].

Biochemical tests for assessment of renal function and activity of liver injury-

indicating enzymes were within normal range according to the RI, and with no statistical
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difference compared to the control group. The proteins, however, had a different profile:
in infected dogs albumin was decreased and globulin increased compared to the control
group. This ratio of decreased albumin to increased globulin may indicate an
inflammatory component in this profile, associated with enteric albumin loss [34]. Even
asymptomatic, it has been proven that dogs parasitized by Ancylostoma spp. showed
decreases in serum albumin and iron concentrations [33]. The moderate correlation
between red blood cell count and albumin concentration may be associated not only with
parasitic exploitation but also with the systemic inflammatory process caused by
parasitism. Both variables are affected simultaneously and decrease in the presence of
hookworm.

Limitations of study

Except for the control group, it is mandatory to consider that all laboratory
analysis were performed by different professionals over time, despite the standardization
of laboratory techniques and clinical records. Accuracy errors inherent to the leukocyte
differential count in 100 cells could have reflected in the eosinophil blood count.
Furthermore, diseases may not have been diagnosed when the dogs were admitted to the

Veterinary Teaching Hospital.

CONCLUSION

Ancylostomosis can cause clinical gastrointestinal disease in adult dogs without
concurrent disorders, the main clinical signs being diarrhea and dysentery. Hematological
and biochemical alterations were slight when compared to the reference intervals, but
statistically significant. The mean HT of dogs with ancylostomosis was 4 percentage
points lower than the control group, and there was a correlation between the decrease in

red blood cells and albumin concentration. Thus, the laboratory and clinical findings
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described may assist in a better approach for clinical treatment and also for more rigorous

control of this parasitosis in dogs.
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1050 Table 1. Comparison of complete blood cell variables between adults dogs with

1051  ancylostomosis and the control group (n = 24).

Group control

Ancylostomosis

Median+SD N Median+SD P-Value# RI

RBC(10%/uL) 7,240,74 22 6,53+0,74 0,002 5,50-8,50
HT (%) 4845 23 4416 0,007 37-55
Hemoglobin (g/dL) 17,0£2,1 23 15,3+2,1 0,007 12-18
MCV (fL) 67,1+3,6 22 67,1+3,4 0,715 60-77
MCHC (g/dL)* 34,6(33,6-35,7) 23 35,1(33,3-35,6) 0,684 32-36
PPT (g/dL) 6,5+ 0,5 23 6,7+1,0 0,513 5,5-8
Platelets (10%/uL)* 234(183-263) 20  264(217-322) 0,040 160-430
WBC (10%/uL) 8,55+2,0 23 12,76+4,75 0,001 6,0-17,0
Bands (10%/uL)* 0 (0-0) 23 0 (0-0) - 0-0,3
Neutrophil (10%/uL) 5,35+1,39 23 8,88+4,07 0,001 3,0-11,5
Limphocyte (10°/uL) 2,25+0,84 23 1,62+0,97 0,023 1,0-4,8
Eosinophil (10%/uL)* 0,44(0,22-1,04) 23 1,10(0,88-2,10) 0,001 0,1-1,2
Basophil (10%/uL)* 0 (0-0) 23 0 (0-0) - Rare
Monocyte (10%/uL)* 0,33(0,20-0,47) 23 0,50(0,37-0,80) 0,006  0,15-1,35

1052  *Nonparametric data: median (25% and 75% percentiles)

1053  Bold numbers are P values <0.05

1054  # Mann-Whitney test: comparison of median; Unpaired T test: comparison of mean.
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Table 2. Comparison of serum biochemistry variables between adults dogs with

ancylostomosis and the control group (n = 24).

Group control

Ancylostomosis

Median+SD N Median+SD P-Value# RI

Urea (mg/dL) 40,0£13,0 15 37,9+10,9 0,588 21-599
Creatinin (mg/dL) 1,03+0,15 15 0,98+0,25 0,315 05-15
ALT(U/L) * 32(39-45) 16 30(24-38) 0,574  21-102
ALP (U/L) * 33(20-38) 14 33(21-69) 0,574  20-156
GGT (U/L) 3,3+2,4 15 2,9+18 0588 12-64
PTS (g/dL) 6,1+0,5 16 6,4+1,0 0,223  5,1-7,1

Albumin (g/dL) 3,2+0,4 16 2,8+0,5 0,004 26-33
Globulin (g/dL) 2,9+0,5 16 3,6+1,2 0,014 2,7-4,4

*Nonparametric data: median (25% and 75% percentiles)

Bold numbers are P values <0.05

# Mann-Whitney test: comparison of median; Unpaired T test: comparison of mean.
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4.1 CONSIDERACOES FINAIS

Na populacéo de cées atendidos no Hospital Veterinario da FMVZ Unesp-
campus Botucatu, o parasita Ancylostoma spp. teve como hospedeiros uma
populacdo heterogénea de cédes, com diferentes idades, acompanhados de
coinfeccdes intestinais e doencas sistémicas. No presente estudo retrospectivo,
a busca por selecionar dados confiaveis (uso de critérios de selecdo), e isolar a
acdo do parasitismo por Ancylostoma spp. no cdo foram imprescindiveis para
confiabilidade dos resultados. No entanto, um numero relevante de casos foi
descartado devido as informacdes incompletas disponiveis nos registros
meédicos, 0 que acarretou na diminuicdo do tamanho amostral.

Os resultados da hematologia e bioquimica foram confrontados aos
intervalos de referéncia descritos na literatura para caes conforme a faixa etéria.
E os mesmo principio foi utilizado para as comparacdes do cdes infectados com
0 grupo controle. Nos poucos estudos que analisaram dados de hemograma e
provas bioquimicas nas infeccfes naturais por Ancylostoma spp. ou outros
helmintos, ndo sdo mencionadas as idades dos caes acometidos e do grupo
controle, e mesmo quando citada a idade, caes de diferentes faixas etarias foram
alocados no mesmo grupo para testes estatisticos posteriores.

Os filhotes apresentam fisiologicamente menores valores por exemplo de
hematécrito, e por volta dos seis a 12 meses seu eritrograma se torna
semelhante ao do cao adulto (WEISER, 1995). Antes desse periodo, se
compararmos o hematocrito de cédes adultos higidos ao de filhotes higidos, estes
altimos apresentariam um falsa anemia. Em relacdo a albumina, a concentracdo
em filhotes também é menor, e se comparadas ao IR de cées adultos poderia
apontar uma falsa hipoalbuminemia. Diferencas quanto ao IR sdo observadas
também no leucograma, pois caes filhotes tem fisiologicamente maior contagem
de linfocitos que os adultos. Dadas essas colocacdes, estudos mais criteriosos
devem ser realizados para avaliacdo de casos de infec¢do natural, levando em
consideracao ndo sO a maior susceptibilidade dos filhotes (MILLER, 1965), que
culmina em casos mais graves de parasitismo, mas também considerando a
idade um fator de confuséo na analise de dados relacionados a da hematologia

e bioquimica sérica.
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A partir deste estudo descritivo foi possivel compreender as
caracteristicas demograficas (sexo, idade, raca, cidade de origem) e a
prevaléncia de casos positivos para ovos de Ancylostoma spp. nas fezes de caes
atendidos no hospital veterinario ao longo do tempo. Os achados do exame
fisico, sinais clinicos e achados laboratoriais mais frequentes, muitas vezes
inespecificos, trazem informacdes que podem auxiliar na suspeita clinica, bem
como em um tratamento mais adequando em cdes com ancilostomose clinica.
Por fim, mostra-se fundamental a realizacdo de exames coproparasitoldgicos,
ndo somente para confirmagdo do diagnostico dos cdes com ancilostomose, mas
também para o controle pés-tratamento desta e outras zoonoses transmitidas

pelos cées por meio das fezes.
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4.3 ANEXO |

Tabela 1. Intervalo de referéncia de hemograma para caes maiores de um ano
de idade.

Variaveis Maiores de 1 ano
Heméacias (106/ul) 55-85
Hemoglobina (g/dl) 12 -18
Hematdcrito (%) 37 -55
VCM (fl) 60— 77
CHCM (%) 32-36
Proteina (g/dl) 55-8
Leucdcitos (/pl) 6.000 - 17.000
Bastonetes (/ul) 0-300
Segmentados(/ul) 3.000 - 11.500
Linfécitos (/ul) 1.000 — 4.800
Eosindfilos (/ul) 100 - 1.250
Basofilos(/pl) Raros
Mondcitos(/ul) 150 — 1.350
Plaquetas (/ul)* 160.000-430.000

Jain, N.C. 1993. Essential of Veterinary Hematology. Pennsylvania: Lea and
Febiger, pp. 417.

*Meyer D.J & Harvey J. 2004. Appendix: Reference Intervals and Conversion
Tables In: Veterinary Laboratory Medicine: Interpretation and Diagnosis. 3rd
edition. Sant Louis: Sauders, pp. 305-320.
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Tabela 2. Intervalo de referéncia de bioquimica sérica para caes maiores de um

ano de idade.
Variaveis Maiores de 1 ano*
Proteina total (g/dL) 54-71
Albumina (g/dL) 2,6-3,3
Globulina (g/dL) 2,7-4,4
Ureia (mg/dL) 21 -59,9
Creatinina (mg/dL) 05-15
ALT(U/L) 21 -102
FA (U/L) 20 — 156
GGT (U/L) 1,2-6,4

*Kaneko J.J., Harvey J.W & Bruss M.L. 2008. Clinical Biochemistry of Domestic
Animals. 6th edition. California: Elsevier, pp. 916.



4.4 Anexo Il

Figura 1 - Parecer comité de ética
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Campus de Botucatu

ATESTADO

Atesto que o Projeto "Aspectos clinico-laboratoriais de caes naturalmente
infectados por Ancylostoma spp.
0074/2019 , a ser conduzido por Bruna dos Santos, responsavel/orientador Regina
Kiomi Takahira, para fins de pesquisa cientifica/ensino - encontra-se de acordo com
os preceitos da Lei n® 11.794, de 08 de outubro de 2008, do Decreto n°® 6.899, de
15 de julho de 2009, e com as normas editadas pelo Conselho Nacional de Controle

— estudo

de Experimentacdo Animal - CONCEA.

Faculdade de Medicina Veterinaria e Zootecnia

retrospectivo" Protocolo CEUA

Finalidade

PESQUISA CIENTIFICA

Vigéncia do projeto

13/05/2019 a 17/07/2019

Nome Comum/ Espécie /

CANINA/CANIS LUPUS FAMILIARIS /

Linhagem
Raca Qualquer raca
N° de animais machos 0
N? de animais fémeas 0
N° de animais sexo indefinido 20
Peso médio de animais machos 0
Peso medio de animais fémeas 0
Peso médio de animais sexo
indefinido 10-40kg
Idade 01 ano(s) e 0 mes(es) e 0 dia(s).

Procedéncia

Caes de tutores voluntarios residentes em
Botucatu

Projeto de Pesquisa aprovado em reuniao da CEUA em 13/05/2019
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JOSE NICOLAU PROSPERO PUOLI FILHO
Presidente da CEUA da FMVZ, UNESP - Campus de Botucatu

Faculdade de Medicina \eterinaria e Zootecnia
Segao Técnica Académica
Rua Prof. Dr. Walter Mauricio Comréa, s/n
UNESP - Campus de Botucatw/'SP - Cep 168618-681
(14) 3880-2176 - patrizia@fmvz.unesp.br - wwefmvz.unesp.br
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