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Feitosa, Thais Ferreira. “Aspectos epidemioldgicos da toxoplasmose em suinos e
galinhas de criacdes domésticas no estado da Paraiba, Brasil: Soroprevaléncia e fatores
de risco, isolamento e genotipagem de Toxoplasma gondii”. Patos, PB:UFCG,2017.
137p. (Tese- Doutorado em Medicina Veterindria).

RESUMO

A prevaléncia da infec¢do e as cepas de 7. gondii em galinhas e suinos variam de
acordo com a regido estudada e, no estado da Paraiba pouco se sabe sobre a prevaléncia
e gendtipos de 7. gondii que circulam em galinhas e suinos. Portanto, este trabalho teve
como objetivo realizar a sorologia, isolamento e genotipagem de 7. gondii proveniente
de suinos e galinhas do estado da Paraiba, Brasil. Para isso, foram realizadas coletas de
amostras sanguineas de 483 galinhas e 120 suinos, nestas amostras sanguineas foi
realizado o teste de Reacdo de Imunofluorescéncia Indireta (RIFI) para anticorpos anti-
T. gondii. Nos animais positivos foi realizado o bioensaio em camundongos para
isolamento do protozoario. Nos isolados obtidos foi realizado a genotipagem por PCR-
Polimorfismo no Comprimento do Fragmento de Restricio (PCR-RFLP) utilizando 12
marcadores genéticos (SAG1, SAG2, alt.SAG2, SAG3, BTUB, GRA6, c22-8, c29-2,
L258, PK1, CS3 e Apico). Em galinhas, observou-se uma prevaléncia de 31.5%
(152/483) para T. gondii e dos 71 animais submetidos ao bioensaio em camundongos,
foram obtidos 33 (46.5%) isolados. Nos suinos, verificou-se 12,5% (15/120) de animais
positivos na RIFI e foi possivel isolar o parasito em 80% (12/15) dos bioensaios
realizados. Conseguiu-se revelar os genétipos completos em 30 dos 33 isolados de
galinhas submetidos a genotipagem. Foram identificados nove genétipos, destes, trés
foram identificados como novos em seis isolados. J4 nos suinos foram utilizados os 12
isolados desta pesquisa e, adicionalmente, 13 isolados de estudos anteriores, obteve-se o
genotipo completo de 19, e estes foram agrupados em 12 gendtipos, trés inéditos. O
gendtipo mais frequente tanto em suinos como em galinhas foi o #013. Nao foi
observado nenhum tipo clonal I, II e III. Observou-se os gendtipos Brlll, #13, #116 e
trés inéditos presentes simultaneamente em suinos e galinhas. Conclui-se que a
prevaléncia de 7. gondii em galinhas e suinos € alta no estado da Paraiba, que € alta a
diversidade genética do parasito e que existem genétipos que circulam frequentemente

entre suinos e galinhas no estado da Paraiba.

Palavras-chave: Bioensaio, Marcadores genéticos, PCR-RFLP, RIFI.



Feitosa, Thais Ferreira. "Epidemiological aspects of toxoplasmosis in domesticated pigs
and chickens in the state of Paraiba, Brazil: Seroprevalence and risk factors, isolation
and genotyping of Toxoplasma gondii". Patos, PB: UFCG, 2017. 137p. (Thesis-
Doctorate Degree in Veterinary Medicine)

ABSTRACT

The prevalence of infection and the strains of 7. gondii in chickens and pigs vary
according to the region studied. In the state of Paraiba a little is known about the
prevalence and genotypes of 7. gondii that circulate in these animals. Therefore, this
study aimed to perform serology, isolation and genotyping of 7. gondii from pigs and
chickens from the state of Paraiba, Brazil. Blood samples from 483 chickens and 120
pigs were collected. In these blood samples, the Indirect Fluorescente Antibody Test
(IFAT) was performed for anti-7. gondii antibodies. For positive animals it was
accomplished the mouse bioassay for isolation of the parasite. In the isolated obtained,
PRC-RFLP genotyping was performed using 12 markers: SAGI, SAG2, alt.SAG2,
SAG3, BTUB, GRAG6, c22-8, ¢29-2, L258, PK1, CS3 e Apico. In chickens, it was
observed the prevalence of 31.5% (152/483) for T. gondii and regarding the 71 animals
submitted to the bioassay, 33 (46.5%) were isolated. In pigs, it was verified 12.5%
(15/120) of the positive animals in the IFAT and it was possible to isolate the parasite in
80% (12/15) of the bioassays performed. It was possible to reveal the complete
genotypes in 30 of the 33 isolates of chickens submitted to genotyping. Nine genotypes
were identified, from these; three were identified as novel in six isolates. In the pig’s
evaluation, 12 isolates from this research were used, and also 13 isolates from previous
studies. It was obteined the complete genotype from 19 isolates that were arranged in 12
genotypes, three of them unpublished. In both genotypes of pigs and chickens, the
genotype # 013 was the most frequent. It was not observed in any clonal type I, II and
III. It was observed the genotypes Brlll, # 13, # 116 and three unpublished genotypes
present in pigs and chickens. It can be concluded that the prevalence of T. gondii in
chickens and pigs is high in the state of Paraiba. The genetic diversity of the parasite is
also high and there are genotypes that often circulate among pigs and chickens in the

state of Paraiba.

Keywords: Bioassay, Genetic markers, IFAT, PCR-RFLP.
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INTRODUCAO

A toxoplasmose é uma enfermidade de distribuicio mundial, causada pelo
protozodrio Toxoplasma gondii, que acomete o homem, animais domésticos e selvagens
(DUBEY; BEATTIE, 1988). Os felinos domésticos e silvestres s@o os hospedeiros
definitivos, sendo o gato (Felis catus domesticus), o principal.

Os hospedeiros susceptiveis podem se infectar por 7. gondii por meio das
seguintes formas primdrias: transmissao transplacentdria, ingestao de tecidos de animais
contendo cistos infectantes e ingestdo de dgua e alimentos contaminados com fezes de
gatos contendo oocistos esporulados (DUBEY; BEATTIE, 1988).

Em suinos, assim como em outras espécies, os principais problemas causados
por T. gondii s@ao de ordem reprodutiva, como abortamento, natimortalidade e
mumificacdo fetal, em fémeas que se infectam pela primeira vez durante a gestacdo
(TSUTSUI et al., 2003). Portanto, o parasita pode ter um importante papel na
suinocultura. Esta espécie animal € considerada, entre os animais de producdo, a mais
importante fonte infeccdo de Toxoplasmose para o ser humano (DUBEY, 2010;
TENTER et al., 2000).

As galinhas sdo consideradas resistentes a toxoplasmose, nesta espécie a doenca
cursa predominantemente na forma subclinica. Entretanto, alguns relatos de
toxoplasmose em galinhas sdo descritos na literatura e os principais sintomas
observados sdo torcicolo, incapacidade de ficar em pé, decubito lateral (Dubey et al.
2007a). As galinhas de criacdes domésticas sdo consideradas importantes na
epidemiologia desta doenca, pois sdo fontes de transmissdo tanto para o homem quanto
para o gato, favorecendo, através deste ultimo, a dissemina¢do da doenca pela
eliminacdo de oocistos no meio ambiente (DUBEY, 2010).

E importante o sorodiagnéstico entre animais de produgdo, por sinalizar a
contaminac¢do do espaco rural, uma vez que estes animais estdo em contato direto com o
meio ambiente por longos periodos (BONNA et al., 2006). Tendo em vista a
importancia dos suinos e galinhas na transmissdo de 7. gondii, vérios estudos
soroepidemioldgicos ja foram descritos em vérias partes do mundo, inclusive no Brasil.
Em suinos, Valenca et al. (2011) observaram uma prevaléncia de 26,9% de
soropositivos criados em granjas tecnificadas no estado de Alagoas. J4 em Pernambuco,

Fernandes et al. (2011) encontraram soropositividade em 9,78% dos suinos estudados,
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enquanto que na Paraiba em um estudo de prevaléncia realizado em 2013, Feitosa et al.
(2014) encontraram 19,5% de animais soropositivos.

Estudos de soroprevaléncia apontam as galinhas de criagdo doméstica com alto
indice de positividade para 7. gondii. Dubey et al. (2007b), realizaram um estudo em
galinhas provenientes do Pard e Rio Grande do Sul e verificaram 46,4% de animais
soropositivos, assim como Oliveira et al. (2008) verificaram 53,3% de animais
sororreagentes em todos os estados do Nordeste, exceto na Paraiba, que nio participou
desse estudo.

Estudos demonstram ampla variabilidade genética dos isolados brasileiros
quando comparados aos da Europa e dos Estados Unidos, onde sd@o encontrados mais
comumente os Tipos clonais cldssicos I, II e III. No Brasil, a maioria das amostras
encontradas sdo atipicas e algumas linhagens sdo consideradas clonais brasileiras e
designadas Brl, Brll, Brlll e Br IV. Levando em consideragdo a taxa de mortalidade em
camundongos infectados, estas linhagens foram classificadas como virulenta (Brl), ndo
virulenta (BrlIl) e virulenta intermediaria (Brll e BrIV) (PENA et al., 2008).

Devido a importancia da toxoplasmose como zoonose, € de suma importancia a
investigacdo de gendtipos provenientes de infecgdes animais, com o objetivo de
verificar a correlacdo entre a variante encontrada e suas propriedades bioldgicas, bem
como rastrear epidemiologicamente o agente para identificacdo de fontes de infeccdo ou
vias de transmissao (OWEN; TREE, 1999).

Sabendo da importancia das galinhas na transmissdo da toxoplasmose para os
seres humanos e animais, e ainda da incipiéncia de pesquisas sobre esta doenga no
estado da Paraiba, este estudo foi realizado objetivando conhecer a situagcdo
soroepidemioldgica das galinhas caipiras abatidas neste estado, e, por meio do
isolamento do parasita, determinar o risco real do consumo e manipulagdo dessas carnes
cruas ou mal passadas pelas populagdes humana e animal. Sequencialmente, o estudo
molecular desses isolados juntamente com os isolados de suinos, acrescentard novas
informacdes sobre a distribuicao dos genétipos de 7. gondii e sua diversidade no Brasil.

Esta Tese de Doutorado é composta por trés capitulos constituidos por artigos
cientificos originais. O Capitulo I é composto por um artigo publicado na revista
Parasitology Research - Qualis A2, e descreve pela primeira vez um estudo
epidemioldgico no estado da Paraiba acerca do 7. gondii em galinhas, sendo realizados
a sorologia e isolamento do parasita. O Capitulo II € composto por um artigo submetido

a revista Parasitology Research — Qualis A2, e neste, foi realizada a caraterizacdo
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genética dos isolados de 7. gondii obtidos de galinhas no estado da Paraiba. O Capitulo
IIT ¢ composto por um artigo submetido a Veterinary Parasitology — Qualis A2, e
objetivou realizar a sorologia, isolamento e caraterizacdo genética de 7. gondii em

suinos abatidos no estado da Paraiba.
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CEP 05508-270, Brazil

Resumo

Este trabalho objetivou realizar a soroprevaléncia e o isolamento de 7. gondii a partir de
galinhas caipiras no estado da Paraiba, Nordeste brasileiro. Para isso, foram coletadas
amostras sanguineas de 483 galinhas provenientes de cinco municipios do estado da
Paraiba. Nestas amostras sanguineas foi realizado o teste de Reacdo de
Imunofluorescéncia Indireta para anticorpos anti-7. gondii. Os animais positivos para o
parasita foram abatidos, o cérebro e o coracdo foram coletados para realizar o bioensaio
em camundongos. Nas propriedades visitadas foi aplicado um questiondrio
epidemiolégico e utilizadas de regressdo logistica univaridvel e multivariada para
avaliar os fatores de risco. Verificou-se uma prevaléncia de 31.5% (152/483) de
galinhas soropositivas para 7. gondii € 86.1% (56/65) de propriedades positivas. Dos 71
animais submetidos ao bioensaio em camundongos, foram obtidos 33 (46.5%) isolados
de T. gondii. Observou-se que quanto maior os titulos de anticorpos dos animais,
maiores as chances de isolamento do parasita. Muitos isolados foram virulentos para os
camundongos; 21 dos 33 isolados foram letais para todos os animais inoculados. Os
fatores de risco observados utilizando o modelo de regressdo logistica multivariada

foram: tipo de criagdo extensiva (Odds ratio 5.41; p=0.027), semi-extensiva (Odds ratio
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4.81; p= 0.043), propriedades localizadas em area urbana (Odds ratio 1.90; p= 0.002) e
presenca de gatos (Odds ratio 1.95; p=0.001) para infeccao por 7. gondii em galinhas
caipiras. Os resultados indicam que a prevaléncia de 7. gondii em galinhas € alta no
estado da Paraiba, que muitos parasitas permaneciam vidveis nos animais estudados e
que a presenca do protozodrio estd diretamente relacionada com o manejo desses

animais.

Palavras-chave: Bioensaio, Diagnéstico, Toxoplasmose, zoonose

Introducao

A toxoplasmose € uma antropozoonose causada pelo Toxoplasma gondii,
parasita intracelular obrigatdrio de distribui¢do cosmopolita. Esse parasita pode afetar
aves e mamiferos, inclusive o homem. A infe¢do ocorre apds a ingestdo de dgua ou
alimentos contaminados com oocistos esporulados eliminados nas fezes de felinos,
sendo o gato (Felis catus domesticus) o principal, ou através da ingestdo de carne crua
ou mal passada infectada com cistos desse protozodrio (Dubey 2010a). Estudos
apontam que a principal via de transmissdo da toxoplasmose para humanos € pelo
consumo de alimento contaminado, especialmente carne mal cozida contendo
bradizoitos (Cook et al. 2000).

A toxoplasmose pode causar inimeros prejuizos a saiide humana e animal. Em
seres humanos, destaca-se o risco da doenca em gestantes, pois a infeccdo por este
parasita pode causar varios transtornos a mae e ao feto, podendo ocasionar aborto
espontaneo, coriorretinite, calcificacdes cerebrais, hidrocefalia e outras séries de
apresentacoes clinicas (Remington et al. 2001). Pode-se ressaltar também a importancia
desse protozodrio em pacientes com o virus da AIDS, devido a possibilidade de causar
encefalite toxopldsmica nestes individuos (Rey 2008). No Brasil, este protozodrio esta
amplamente difundido e o pais apresenta um dos mais altos indices de soroprevaléncia
em humanos do mundo (Gilbert et al. 2008; Dubey 2010a).

A toxoplasmose em galinhas cursa predominantemente na forma subclinica,
apresentando pouca importancia clinica para essa espécie. Entretanto, Dubey et al.
(2007a) relataram um surto de toxoplasmose clinica em galinhas de postura e gansos
numa fazenda de Illinois, EUA. Os sinais clinicos relatados foram de alteracdes

neuroldgicas manifestando-se por torcicolo, incapacidade de se manter em estacdo e
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decubito lateral. As galinhas de criagdes domésticas sdo consideradas importantes na
epidemiologia desta doenca, pois sdo fontes de transmissdo tanto para o homem quanto
para o gato, favorecendo, através deste ultimo, a disseminacdo da doenca pela
eliminagdo de oocistos no meio ambiente (Dubey 2010b). Além disso, a presenca de T.
gondii em galinhas caipiras é um dos melhores indicadores de contamina¢do ambiental
com oocistos do parasita, porque esses animais tem o hébito de ciscar e se alimentar do
solo, sendo considerados 6timos animais sentinelas (Dubey et al. 2006; Dubey 2010b).
Estudos de soroprevaléncia apontam as galinhas de cria¢do doméstica com alto
indice de positividade para 7. gondii. Dubey et al. (2007b) realizaram um estudo em
galinhas provenientes do Pard e Rio Grande do Sul e verificaram 46,4% de animais
soropositivos. Oliveira et al. (2008) verificaram 53,3% de animais sororeagentes em
todos os estados do Nordeste, exceto a Paraiba, que ndo participou desse estudo. Alguns
trabalhos relatam alto indice de isolamento de 7. gondii dos tecidos de galinhas caipiras.
Dubey et al. (2006) conseguiram isolar este protozodrio de 72,7% de animais
soropositivos em um estudo conduzido no estado do Amazonas e Beltrame et al. (2012)
também obtiveram um indice de isolamento alto, de 75%. Isso demonstra que os
animais tinham cistos viaveis capazes de infectar humanos, assim como animais.
Sabendo da importancia das galinhas na transmissdo da toxoplasmose para os
seres humanos e animais, e ainda da incipiéncia de pesquisas sobre esta doenga no
estado da Paraiba, este trabalho teve como objetivo estudar a situagdo
soroepidemioldgica de galinhas caipiras neste Estado e realizar o isolamento do parasita
para determinar o risco real do consumo dessas carnes cruas ou mal passadas pela

populacdo humana e animal.

2. Material e Métodos

Caracterizacao da Area

O estado da Paraiba estd localizado no Nordeste brasileiro, apresenta
temperaturas elevadas o ano inteiro, variando entre 20 e 28 °C, com pequenas diferengas
regionais. O Estado apresenta varia¢des climédticas que variam de Umido, na regido
proxima ao litoral, ao semidrido, clima predominate no interior, com precipitacdes

anuais entre 350 e 700 mm?® (Aradjo 2011).
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Galinhas

Foram utilizadas 483 galinhas provenientes de cinco municipios do estado da
Paraiba, Patos, Monteiro, Olho D’agua, Esperanca e Malta

Durante as visitas, amostras de sangue foram coletadas através da veia braquial e
os animais devidamente identificados com numeros correspondentes nos tubos de
coleta. As amostras sanguineas foram armazenadas em isopor com gelo e encaminhados
ao Laboratério de Doencas Parasitirias dos Animais Domésticos (LDPAD) da
Universidade Federal de Campina Grande (UFCG), Patos-PB, para realiza¢do do exame
sorolégico de T. gondii. Apds os resultados desse exame, a equipe retornava as
propriedades para retirar os nimeros dos animais soronegativos e recolher os animais
soropositivos para posterior abate. Apenas as aves que 0s proprietarios concordaram
com o abate foram recolhidas (71/152). Apds o abate, o coragdo e cérebro dos animais
foram coletados e acondicionados individualmente em sacos plasticos identificados,
armazenados em isopor com gelo e encaminhados ao LDPAD para realizacdo do

bioensaio.

Exame Sorolégico e Isolamento de 7. gondii

Os soros das galinhas foram examinados para pesquisa de anticorpos anti-T7.
gondii através da RIFI (Camargo 1974), usando amostra RH de taquizoitas de 7. gondii
fixados em lamina. O ponto de corte utilizado foi 1:16 (Casartelli-Alves et al. 2014).

Os tecidos (cérebro e coracdo) dos animais soropositivos foram cortados em
pequenos fragmentos, sendo removidos a gordura e o tecido conectivo e utilizados para
bioensaio em camundongo segundo protocolo de Dubey (1998). Para cada animal
positivo, foram utilizados em média trés camundongos albinos Swiss com dois meses de
idade, alojados na mesma caixa, provenientes do Biotério do Laboratério de Tecnologia
Farmacéutica, Universidade Federal da Paraiba.

Os animais que vieram a Obito foram examinados para pesquisa de 7. gondii nos
tecidos, como descrito previamente por Dubey e Beattie (1988). Os camundongos que
sobreviveram até seis semanas pds-inoculagdo foram examinados sorologicamente para
pesquisa de anticorpos anti-7. gondii, através da RIFI com ponto de corte 1:16. Entdo,
0s soropositivos permaneciam no experimento até dois meses pds-inoculacdo (PI),
quando eram eutanasiados e examinados para pesquisa de 7. gondii; J4 os soronegativos

eram eutanasiados apds o resultado da sorologia e submetidos a0 mesmo exame. Os
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camundongos foram considerados positivos quando cistos eram observados em seus

tecidos (Dubey et al. 2002).

Questionario epidemiolégico
Os proprietarios foram entrevistados individualmente e questionados sobre as
condi¢des das propriedades, tipo de criagdo, tipo de alimentacdo, ambiente onde o

animal vive e presenca de gatos.

Analise estatistica

Para a andlise de fatores de risco associados com a frequéncia de
soropositividade e isolamento foram utilizados os dados coletados nos questionarios
epidemioldgicos. A andlise de fatores de risco foi conduzida em duas etapas: andlise
univaridvel e andlise multivaridvel. Na andlise univaridvel, cada varidvel independente
foi cruzada com a varidvel dependente (soropositividade e isolamento), e aquelas que
apresentaram valor de p < 0,20 pelo teste de qui-quadrado (Zar 1999) foram
selecionadas para a andlise multivaridvel, utilizando-se regressdo logistica multipla
(Hosmer & Lemeshow 2000). O nivel de significincia adotado na anélise multipla foi
de 5%. Todas as andlises foram realizadas com o programa SPSS 20.0 for Windows.

O Comité de Etica e Pesquisa da UFCG autorizou todos os procedimentos

realizados neste trabalho, sob protocolo 14/2013.

3. Resultados

Neste estudo, 31.5% (152/483) das galinhas examinadas foram soropositivas
para T. gondii através da RIFI. Das 65 propriedades visitadas, 56 (86.1%) apresentaram
pelo menos um animal soropositivo. Observou-se frequéncias de 25 a 36.8% de animais
soropositivos para 7. gondii por municipio (Tabela 1). Nao houve diferenca estatistica
em relacdo a prevaléncia de animais soropositivos entre os cinco municipios estudados
(p=0.284).

Os titulos de anticorpos anti 7. gondii variaram de 1:16 a 1:4092, sendo mais
frequente o 1:64 (44/152). Dos animais positivos, 71 foram submetidos ao bioensaio
para isolamento em camundongos, obtendo-se 33 isolados. Observou-se que a

N

porcentagem de isolamento aumentava a medida que os titulos de anticorpos eram
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maiores, chegando a 100% de isolamento nos animais que tinham titulos superiores a

2048 (Tabela 2).
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Tabela 1. Prevaléncia de anticorpos anti-7. gondii através da RIFI em galinhas caipiras
do estado Paraiba, Brasil.

Municipios Propriedades Galinhas

Examinados  Positivos(%) Examinados  Positivos(%)

Esperanca 10 9 (90) 97 26 (26.8)
Malta 14 13 (92.8) 95 35 (36.8)
Monteiro 15 12 (80) 98 35 (36.7)
Olho D’agua 13 11 (84.6) 96 24 (25)
Patos 13 11 (84.6) 97 32 (33)
Total 65 56 (86.1) 483 152 (31.5)

Tabela 2. Frequéncia do isolamento de 7. gondii de galinhas caipiras através do
bioensaio em camundongos. no estado da Paraiba, Brasil

Titulo de No. de galinhas positivas No. de galinhas
anticorpos

Bioensaios Isolados de T. %

gondii

16 19 7 2 28.6
32 24 6 2 33.3
64 44 20 8 40
128 26 16 6 37.5
256 17 12 6 50
512 10 6 4 66.6
1024 7 3 2 66.6
2048 4 2 2 100
4096 1 1 1 100
Total 152 71 33 46.8
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Dos 33 isolados, 27 (81.8"%) foram letais para pelo menos um dos
camundongos inoculados, estes vieram a Obito entre os dias 16 e 45 p.. por
toxoplasmose aguda, confirmada através da presenca do parasita nos tecidos dos
animais. Vinte e um isolados (63.6%) foram letais para todos os animais inoculados e
em seis isolados (18.2%) todos os camundongos resistiram até os 42 dias p. i. quando
entdo foi realizada a sorologia e os positivos foram eutanasiados no dia 60 p. i., com
deteccao do parasita em seus tecidos.

Os resultados da andlise univaridvel dos fatores de risco para 7. gondii estao
apresentados na Tabela 3. Ndo foram observadas associacdes significativas entre as
varidveis sexo (p=0.701) e tipo de alimentag¢do (p=0.055) com a infec¢do por 7. gondii.
Em relacdo ao ambiente onde os animais viviam, todas as propriedades os animais eram
criados soltos ou em piquetes de terra.

As varidveis tipo de criacdo extensiva (Odds ratio 5.41; p=0.027), semi-
extensiva (Odds ratio 4.81; p= 0.043), propriedades localizadas em drea urbana (Odds
ratio 1.90; p= 0.002) e presencga de gatos (Odds ratio 1.95; p=0.001) foram consideradas
fatores de risco para infeccdo por 7. gondii de acordo com a regressdo logistica

multivariavel (Tabela 4).
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Tabela 3. Anélise univaridvel para os fatores de risco associados com a
soropositividade para Toxoplasma gondii em galinhas no Estado da Paraiba, Brasil.

Varidvel/categoria N° total de galinhas N° de galinhas P
soropositivos RIFI (%)

Sexo

Macho 61 21 (34.4)

Fémea 422 131 (31) 0,701
Tipo de alimentagdo

Racgao 23 2 (8.7)

Restos de comida 120 39 (32.5)

Racao + Restos de 340 111(32.6) 0,55
comida
Tipo de criacdo

Intensiva 23 2 (8.7)

Semi-intensiva 114 35(30.7)

Extensiva 346 115 (33.2) 0,48
Localizagdo da propriedade

Rural 302 76 (25.2)

Urbana 181 76 (42) 0,002
Presenca de gatos

Nao 225 56 (24.9)

Sim 258 96 (37.2) 0,005

Tabela 4. Fatores de risco associados com a soropositividade para Toxoplasma gondii
em galinhas do Estado da Paraiba, Brasil, determinados por regressdo logistica multipla.

Variavel Odds ratio (IC 95%) P

Criacdo Extensiva 5.41 (1.21-24.08) 0,027
Criacdo Semi-extensiva 4.81 (1.05-22.04) 0,043
Localizagdo urbana 1.90 (1.27-2.85) 0,002
Presenca de gatos 1.95 (1.30-2.92) 0,001
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4. Discussao

A soroprevaléncia encontrada neste estudo (31.5%) foi considerada alta,
assemelhando-se a observada por Beltrame et al. (2012), que encontraram prevaléncia
de 38.8% (198/510) no estado do Espirito Santo e Tilahu et al. (2013) de 38.4%
(48/125) em Adis Abeba (Ethiopia), ambos utilizando o MAT como teste de
diagnéstico. Porém, outros pesquisadores encontraram indices de soroprevaléncia ainda
mais elevados, 80% na ilha de Fernando de Noronha, Pernambuco (Costa et al. 2012)
utilizando o MAT e 74.4% (102/137) em galinhas de quintal no Rio Grande do Sul
utilizando a RIFI (Camillo et al. 2015). Estes trabalhos que apresentaram altos indices
de animais soropositivos ndo realizaram calculo amostral e utilizaram um pequeno
nimero de animais, podendo ter influenciado na alta soropositividade. Além disso, Qin
et al. (2015) relata que as diferencas nas soroprevaléncias entre as regides dependem de
varios fatores, incluindo diferencas de temperatura, precipitagdo pluviométrica e
sensibilidade da técnica utilizada.

Observou-se que, quanto maior o titulo de anticorpos que o animal apresentava,
maior o percentual de isolamento de 7. gondii, corroborando com Holsback et al. (2012)
que verificaram em seu estudo com galinhas de criacdo doméstica que as aves com altos
titulos de anticorpos devem ser priorizadas, pois as chances de isolamento do parasita
sdo maiores. Em outras espécies, como ovelhas, caprinos e gatos também ja foram
observadas essa associacdo (Gebremedhin et al. 2014; Pena et al. 2006).

O percentual de bioensaios positivos para 7. gondii foi 46.5% (33/71),
semelhante ao relatado por Holsback et al. (2012), que obtiveram um indice de 40.7%
(11/27) de isolamento utilizando o cérebro e coracdo de galinhas soropositivas
provenientes do Mato Grosso do Sul. Porém, outros pesquisadores observaram indices
superiores, como Dubey et al. (2007a) que obtiveram isolamento de 100% num surto de
Toxoplasmose em Illinois, EUA e Beltrame et al. (2012) que observaram indice de
78,1% de isolamento no Espirito Santo, Brasil. Essa diferenca pode ser explicada pelos
tecidos utilizados para isolamento, pois estes udltimos autores utilizaram para o
bioensaio os musculos da coxa além do coracdo e cérebro das galinhas soropositivas.
Apesar do coragdo ser o 6rgdo mais parasitado pelo protozodrio em galinhas, Dubey et
al. (2007a) fala da importancia de se utilizar macerados de diferentes orgaos, isolados
ou misturados, para aumentar a sensibilidade do isolamento, destacando-se os musculos

da coxa que sao fortemente parasitados pelo protozodrio.
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A viruléncia de uma cepa de 7. gondii é definida com base na mortalidade dos
camundongos inoculados e o tempo entre a inoculagdo e a morte desses animais, € esta
depende de vérios fatores como a via de inoculagdo, quantidade de parasita no indcuo e
o tipo de animal utilizado como modelo experimental. Neste estudo, a maioria dos
isolados foram considerados virulentos, pois observou-se que 63.6% (21/33) foram
letais para todos os camundongos inoculados. No Brasil, a viruléncia dos isolados
costuma ser alta, diferente do que € observado em outros paises, que apresentam cepas
avirulentas do parasita. Beltrame et al. (2012) observaram que 44 dos 48 isolados
obtidos de galinhas de criacdo livre foram letais para todos os camundongos inoculados;
Vitaliano et al. (2014) obtiveram 15 isolados de animais selvagens provenientes de
varios estados brasileiros e todos os camundongos inoculados morreram de
toxoplasmose aguda; J4 Gebremedhin et al. (2014) realizaram estudo com galinhas
caipiras na Etiopia e obtiveram 29 isolados, todos considerados avirulentos.

N3ao foi observada associacdo entre a soropositividade para 7. gondii em machos
e fémeas, corroborando com outros estudos realizados em caprinos, ovinos, bufalos,
suinos e animais selvagens (Ragozo et al. 2009; Correia et al. 2015; Brasil et al. 2015;
Feitosa et al. 2013 e Pimentel et al. 2009).

Apesar de ndo se verificar diferenca estatistica em relacdo ao tipo de alimentacao
das galinhas, a quantidade de animais positivos que comiam apenas racdo foi baixa
(8.7%) em comparacdo aos que comiam restos de comida (32.5%), isso porque nas
criacdes domésticas, alvos do estudo, os proprietdrios tinham o costume de oferecer aos
animais restos de frutas, carnes e visceras cruas que ndo siao utilizadas para consumo
humano. Assim, as galinhas ficam expostas a oocistos e cistos teciduais que podem
estar presentes nestes restos de comida. Essa pratica de fornecer refugo da alimentagdo
humana as galinhas, reforca o papel desses animais como sentinelas, ndo apenas da
contamina¢do ambiental, mas também da exposi¢ao dos seres humanos ao 7. gondii.

A criacdo intensiva mostrou-se a mais segura para evitar a contaminagdo das
galinhas por T. gondii, quando comparadas a criagdo extensiva e semi-extensiva. Na
criacdo extensiva, 0s animais estdo sujeitos a contato com fezes de felideos, solo e dgua
contaminada, passando mais tempo no mesmo ambiente, aumentando as chances de se
infectar pelo parasita. Além disso, nenhuma das propriedades visitadas possuia
saneamento basico, nem coleta de lixo regular. Outros estudos também observaram que
o numero de animais positivos nas criacdes intensivas S0 menores que as extensivas,

Xu et al. (2012) encontraram uma prevaléncia de 5,6% e 18,8% em galinhas de sistema
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intensivo e extensivo, respectivamente, utilizado o MAT. Millar et al. 2012 realizaram
uma pesquisa no estado do Rio de Janeiro e observaram que 14.8% das galinhas
poedeiras criadas intensivamente apresentavam anticorpos anti-7. gondii, enquanto que
as criadas extensivamente apresentavam 51.4% de animais reagentes.

A presenca de gatos € considerada importantissima na infec¢@o por 7. gondii em
galinhas de criacdo extensiva. Essa correlacdo também foi relatada por outros autores
como Bonna et al. (2006) em criacdes de suinos e frangos no Rio de Janeiro, Brasil e
por Millar et al. (2012) em galinhas poedeiras criadas em sistema semiextensivo.

Foi observado que as galinhas de propriedades localizadas em 4reas urbanas sio
mais susceptiveis a infeccdo por 7. gondii do que os animais que vivem em
propriedades rurais, corroborando com Silva et al. (2003), que também verificaram
menor porcentagem de galinhas positivas para 7. gondii em dreas rurais no Sul do
Brasil. Pode-se atribuir esse resultado a maior densidade populacional dos gatos na
cidade, com isso maior concentracdo de fezes de gatos infectados contendo oocistos no
solo, aumentando a probabilidade de infec¢do nas galinhas. Weigel et al. (1995) afirmou
que a quantidade de felinos nas propriedades € mais importante do que a presenca
desses, uma vez que quanto maior esse nimero, maior serd a eliminacio de oocistos de

T. gondii nas fezes.

Conclusao

A alta prevaléncia de anticorpos anti-7. gondii indica que héd grande
contamina¢do ambiental com oocistos do protozodrio. Além disso, a carne das galinhas
caipiras € importante para a epidemiologia da toxoplasmose na regido estudada,
podendo ser fonte de infeccdo para os seres humanos e animais. A infec¢do por T.
gondii estd diretamente relacionada com a forma de criagdo dos animais, com isso, a
forma de controle dessa doenca depende do conhecimento dos proprietarios sobre suas

formas de transmissao.
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Abstract

This study evaluated, for the first time, the genetic diversity of Toxoplasma gondii
isolates from free-range chickens from the state of Paraiba, northeast Brazil. Tissue
samples from thirty-three chickens from properties in five municipalities of Paraiba
(Esperanca, Olho d'Agua, Malta, Monteiro, and Patos) were bioassayed in mice. The
brains of mice infected with 7. gondii cysts were used for DNA extraction and
genotyping. Genotyping was performed using 11 PCR-RFLP markers and 15
microsatellite (MS) markers. Complete genotyping results were obtained for 29 isolates,
with nine genotypes detected by RFLP and 15 genotypes identified by MS. Three
genotypes (#273, #274, and #277) have only been recently identified from pigs in the
region. Brazilian clonal types Brll and Brlll were identified from one isolate each.
Clonal types I, II, and III were not detected by RFLP. Genotype #13 (Caribbean 1),
detected in 48.3% (14/29) of isolates from four of the five municipalities investigated,
was the most prevalent genotype in the state of Paraiba. However, the MS analysis
showed that of these 14 isolates, only four were unique genotypes, and considering the

distance between the municipalities from where they were collected, it is possible that
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only seven are independent isolates while the others are clones. The other genotypes
were restricted to different microregions. The results indicate that the Caribbean 1
lineage of T. gondii is circulating widely in northeast Brazil. The genotypic diversity of
T. gondii in the state of Paraiba is high and microsatellite analysis revealed this diversity

with higher resolution than PCR-RFLP.

Keywords: toxoplasmosis, diversity, genotyping, PCR-RFLP, microsatellites.

Introduction

Toxoplasma gondii is a protozoan in the phylum Apicomplexa that is capable of
infecting all species of birds and mammals (Tenter and Johnson 1997; Elmore et al.
2010). Felids are the definitive hosts where the sexual reproduction of the parasite
occurs and are responsible for the production and excretion of oocysts in the feces.
Accidental ingestion of oocysts from the environment is one of the most common forms
of parasite transmission. Other routes of transmission include the ingestion of
undercooked meat containing viable cysts and vertical transmission through
transplacental passage of tachyzoites to the fetus. The different routes of transmission
and the possibility of 7. gondii permanently infecting its hosts make this parasite one of
the most prevalent and widespread worldwide (Dubey et al. 2012; Sullivan and Jeffers
2012).

Most humans infected with 7. gondii are asymptomatic. The prevalence seems to
depend on the contamination of vegetables and infection of animals that live on the
ground and are used for human food (Dubey et al. 2012; Gangneux and Dardé 2012).
Free-range chickens are the best indicator for soil contamination with 7. gondii oocysts
because they feed from the ground and in doing so become infected (Furuta et al. 2007,
Dubey 2009). In addition, the isolation and genotyping of 7. gondii from chickens can
provide information on the strains that are circulating in a region.

The early studies of 7. gondii using the SAG2 gene showed a limited genetic
diversity and only three clonal lineages: I, 11, and III (Howe and Sibley 1995). However,
later studies using a larger number of molecular markers revealed the existence of many
recombinant or atypical lineages, especially in South America (Ajzenberg et al. 2002;
Dubey et al. 2007a; Ferreira et al. 2008). These markers generate valuable
informationabout the diversity of the parasite, are simple, and have a high resolution in

the identification of 7. gondii isolates (Su et al. 2010). PCR-RFLP (polymerase chain
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reaction—restriction fragment length polymorphism) is the most used genotyping
method, having contributed to the genotypic characterization of 7. gondii isolates from
animals and humans worldwide (Howe and Sibley 1995; Su et al. 2010), even though
microsatellite (MS) analysis has a higher resolving power with two levels of
discrimination, the first one identifying the lineages and the second one distinguishing
closely related samples belonging to the same lineage (Ajzenberg et al. 2010).

There are few data available regarding 7. gondii genotypes found in northeast
Brazil, especially in the state of Paraiba. A high prevalence of 7. gondii antibodies was
found in a previous study with free-range chickens, and many parasites remained viable
in the tissues of the animals (Feitosa et al. 2016). Thus, this study evaluated, for the first
time, the genetic diversity of 7. gondii isolates from free-range chickens raised in the

state of Paraiba, northeast Brazil.

Materials and Methods

Samples

Thirty-three 7. gondii isolates from free-range chickens raised in five
municipalities in the state of Paraiba, northeast Brazil, and described by Feitosa et al.
(2016) were used in the study. The brains of mice positive on microscopy for 7. gondii

were used for genotyping. The samples were stored at —70 °C until DNA extraction.

DNA extraction

After thawing, a 300-ul aliquot of brain homogenate from each sample was
separated, washed three times with TE buffer, pH 8.0 (10 mM Tris-HCI, 1 mM EDTA),
and centrifuged at 12,000 g for 5 min. DNA extraction was performed using

WIZARD® Genomic Purification Kit (cat. A 1125; Promega, Madison, WI, USA)

Isolate genotyping

Genotyping of isolates was performed using 11 PCR-RFLP genetic markers:
SAGI, SAG2 (5°3"'SAG2 and alt. SAG2), SAG3, BTUB, GRAG6, c22-8, ¢29-2, L358,
PK1, and Apico (Su et al. 2010) and marker CS3 (Pena et al. 2008). Clonal type I (RH),
type II (PTG), and type III (CTG) samples and reference samples Cougar, MAS, and
TgCatBrS were used as positive controls. First, the target DNA sequences were

amplified by multiplex PCR using the outer primers for all markers followed by nested
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PCR separately for each marker. The PCR products were diluted 1:1 in ultrapure water
before being amplified. All protocols have been described elsewhere (Su et al. 2010;
Pena et al. 2008).

To determine the RFLP pattern of each sample, 3 uL of nested PCR products
were mixed with 17 pL of digestion reaction containing buffer and one unit of a given
restriction enzyme. The samples were incubated at the proper temperature for each
restriction enzyme according to the manufacturer’s recommendations. The restriction
enzymes used are described in Su et al. (2006), except for CS3, which is described in
Pena et al. (2008). The digested PCR products were resolved by electrophoresis in a
2.0-3.0% agarose gel containing 10 uL. of SYBR® Safe for each 100 mL of solution
with a molecular weight marker with multiple 100-base pair (bp) fragments. The bands
were visualized under UV light on an image analyzer (Alpha Innotech Corporation, San
Leandro, CA, USA).

The isolates were compared and classified according to the genotypes available
in the ToxoDB database (http://toxodb.org/toxo/) and based on recent studies. The
phylogenetic relationships of 7. gondii isolates genotyped by PCR-RFLP were
examined using SplitsTree4 software (Huson 1998; Huson and Bryant 2000).

The isolates were also genotyped using 15 microsatellite markers: TUB2, W35,
TgMA, B18, B17, M33, IV.1 and X1.1, N60, N82, AA, N61, N83, M48, and M102
(Ajzenberg et al. 2010). The data were analyzed using GeneMapper® 4.1 software
(Applied Biosystems, Foster City, CA, USA).
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Results

Of the 33 isolates analyzed by PCR-RFLP, complete genotyping results were
obtained for 29 samples with RFLP and MS markers (Supplementary material). Nine
different RFLP genotypes and 15 MS genotypes were detected (Table 1). Two isolates
from the state capital (Patos), TgCkBrPB9 and TgCkBrPB30, belonged to Brazilian
clonal lineages Brll (#11) and BrllI (#08), respectively. Clonal archetypal lineages I, 1I,
and III were not detected by RFLP.

Genotypes #48 (TgCkBrPB4,5,6) and #88 (TgCkBrPB7,8) had been previously
identified in chickens, but from different Northeast states and as single isolates.
Genotype #116 (TgCkBrPB1,2) had been previously detected in chickens and pigs in
North and Northeast Brazil, respectively. Genotypes #273 (TgCkBrPB11,12,14), #274
(TgCkBrPB26), and #277 (TgCkBrPB7,8) have only recently been reported in Brazil in
pig isolates from the state of Paraiba (Feitosa et al., unpublished data).

Genotype #13, detected in 48.3% (14/29) of isolates, was the most prevalent and
well-distributed genotype in the state of Paraiba. These isolates came from four
municipalities located 70-262 km apart, whereas the other genotypes were restricted to
different microregions. Nevertheless, the MS analysis indicated the possibility of a high
level of circulation of genotype #13 (Caribbean 1) clones due to the occurrence of
identical genotypes in isolates from the same municipality and from nearby properties,
including isolates TgCkBrPB15,16 (Esperanga), TgCkBrPB10,13 (Monteiro),
TgCkBrPB20,25 (Malta), and TgCkBrPB22,23,24,27 (Malta) (Suppl. material).
Similarly, isolates TgCkBrPB1,2 (genotype #116) and TgCkBrPB7,8 (genotype #277)
also appear to be clones from the same sample.

The genetic diversity of the 29 T. gondii isolates from chickens is summarized in
Figure 1. The analysis showed a great divergence of these isolates from type II strains

and a clear clustering with type III and type BrllI strains.
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Table 1 PCR-RFLP genotyping of Toxoplasma gondii isolates from free-range chickens from Paraiba state, northeastern Brazil, and lethality in

mice.
PCR-RFLP Gen6tipos ToxoDB

RFLP-gendétipos

Isolado ID*  Cidade 5737

SAG1 SAG2 SAG2 SAG3 BTUB GRA6 c22-8 ¢29-2 L358 PK1 Apico CS3

TgCkBrPB9 Patos I I II I I I I I I II I I #011
Type Brll

TgCkBrPB30 Patos I I I I I I II I I I I 1  #008
Type BrlIl

TgCkBrPB1, Olho d’agua I I I I I I II I I I I I #116

2

TgCkBrPB3, Esperancae I I I I I I II I I I I I #013

10, 13, 15,16, Malta

17, 18, 19, 20 Patos,

22,23,24,25 Olhod’agua,

27

TgCkBrPB4, Patos I I I I I I I I I I I I #048

5,6,21

TgCkBrPB28 Patos I I I I I I II I I I I I #088

TgCkBrP7,8 Patos I I I I I I II I I I I III  Novo



TgCkBrPB11 Monteiro
12,14

TgCkBrPB26 Malta

I

III

III

III

II

III

II

III

I

I

I

III

III

III

II

Novo

Novo
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Fig 1. Phylogenetic network of the T. gondii isolates from chickens from Paraiba state,

Northeastern Brazil, using PCR-RFLP data. The samples in bold were obtained in the

present study. The following were included: archetypal reference genotypes (GTI = type

I; PTG = type 1I; and CTG = type III); typical Brazilian genotypes (type Brl, type Brll

and type Brlll) and isolates from pigs that had previously been described in the same

region.
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Discussion

Genotyping results revealed a high genetic diversity of 7. gondii in chickens
from the state of Paraiba, northeast Brazil, supporting previous studies that reported
similar findings. This diversity is best represented by the MS analysis, which due to its
higher resolving power identified 15 genotypes in the 29 isolates analyzed against the
nine RFLP genotypes. Pena et al. (2013) identified 11 genotypes in 44 isolates from
free-range chickens from the state of Espirito Santo and Sousa et al. (2016) found four
genotypes in five isolates from the state of Maranhdo. In Brazil, these findings are
common, unlike other countries where the genetic diversity of 7. gondii is low. For
instance, Dubey and Su (2009) identified only 18 genotypes of 253 isolates in the USA,
whereas genotyping of 149 isolates identified 58 genotypes in Brazil (Pena et al. 2008).

Despite the great genetic diversity of 7. gondii previously identified in Brazil,
Pena et al. (2008) suggested that there are four clonal types circulating among different
hosts and regions in the country: Brl, II, III, and IV — the latter of which has only been
found in southern Brazil. In the current study, only two isolates were types Brll and
BrlIlIl. These Brazilian clonal types have been identified in cats, chickens, dogs, sheep,
and newborn humans in South and Southeast Brazil (Dubey et al. 2008; Silva et al.
2011; Dubey et al. 2007b; Carneiro et al. 2013), but this is the first time that clonal type
BrII has been identified in the northeast and clonal type BrllIl has only been recently
identified from pigs in the region (Feitosa et al., unpublished data), highlighting its high
level of circulation in Brazil.

The clonal spread of T. gondii can be explained by its modes of transmission,
which include transmission by meat of intermediate hosts without the parasite passing
through the definitive host and undergoing meiosis and genetic recombination. This
recombination can occur in the intestine of the definitive host (cat) if it gets infected
with different strains of the parasite simultaneously or in a very short time, enabling the
effective crossing of gametes and the production of progenies that are genetically
different from the original parental strains (Sibley and Ajioka 2008; Boothroyd and
Grigg 2002). According to Feitosa et al. (2014), most domestic cats in the study region
have free access to the outdoors and engage in hunting activity, providing the perfect
environment for the occurrence of recombinant and novel genotypes in the study region.

Samples with the same genotype are not necessarily epidemiologically related
and may comprise independent samples. The MS analysis can more accurately identify

this relationship, because PCR-RFLP detects less variation in each locus when
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compared to microsatellite genotyping. Ajzenberg et al. (2002) found 3-16 alleles per
locus in a population of 83 T. gondii isolates and only 2—4 alleles for each PCR-RFLP
marker, suggesting that the microsatellite technique has a superior discriminatory power
than PCR-RFLP.

The genotype with the highest frequency was #13 (Caribbean 1), which
accounted for approximately half of the isolates, indicating that it is circulating freely
among chickens in Paraiba. Nevertheless, the occurrence of a large number of possible
clones as indicated by the MS analysis and the origin of isolates underscores the role of
chickens as indicators for environmental contamination with oocysts and the
widespread distribution of oocysts in the soil after excretion by cats. In other Northeast
states, including Ceard, Rio Grande do Norte, Pernambuco, Alagoas, Sergipe, and
Babhia, this genotype has been identified in chickens (Dubey et al. 2008). Genotype #13
has also been identified in other animals, including monkeys and pigs, also in northeast
Brazil (Pena et al. 2011; Clementino-Andrade et al. 2013). The only state in the
northeast region where genotyping of 7. gondii isolates has been conducted without any
records of this genotype is Maranhdo (Dubey et al. 2008; Sousa et al. 2016). Even
though Maranhdo is a northeast state, its climate characteristics differ from those of the
other states, because unlike the others that have a predominantly semi-arid climate it is
in a transition zone between the semi-arid and humid equatorial climate of the Amazon
forest, which could result in different 7. gondii epidemiology, routes of spread, and

prevalent genotypes in the state.
Conclusion

Toxoplasma gondii has high genotypic diversity in the state of Paraiba, Brazil;
genotype #13 can be considered a frequent clonal type in northeast Brazil; and due to
the epidemiological features of transmission, the chances are great of finding novel
nonarchetypal genotypes in the study region.
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Abstract

Consumption of raw or undercooked pig meat containing Toxoplasma gondii cysts is
considered to be an important means of transmission of this protozoon toanimals and
humans. This study had the aims of serologically diagnosing, isolating and genotyping
T. gondii from pigs that were slaughtered in the state of Paraiba, northeastern Brazil, for
human consumption. Blood and tissue samples (heart, tongue and brain) were collected
from 120 pigs at slaughterhouses in the state of Paraiba. Serological examinations were
performed by means of the indirect immunofluorescent antibody test (IFAT), with a
cutoff point of 1:64. The tissues from positive animals were subjected to bioassays in
mice to isolate the parasite. Twelve isolates obtained in 60 this study and another 13
isolates that had previously been described were genotyped by means of the
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP),
using 11 genetic markers (SAGI, 5°3"SAG2, alt. SAG2, SAG3, BTUB, GRA®6, c22-8,
c29-2, 1258, PK1, CS3 and Apico). In addition, microsatellite analysis using 15

markers was performed. It was observed that 12.5% (15/120) of the animals were
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positive in the IFAT test, with titers ranging from 64 to 2048. It was possible to isolate
viable parasites in 80% (12/15) of the bioassays performed. Among the 25 isolates
subjected to PCR-RFLP, complete genotypes were obtained from 19. Among these,
there were 12 different genotypes, of which six were new. One isolate presented mixed
infection. The type BrllI clonal lineage was found in one isolate, while genotype #013
(Caribbean 1), which is commonly encountered in northeastern Brazil, and it is
probably a clonal lineage circulating in this region, was the most frequent genotype.
These results demonstrate that 7. gondii is widespread among pigs slaughtered in the
state of Paraiba. They confirm that this parasite has high genetic diversity in this region
and that non-archetypal genotypes commonly 74 circulate between different hosts and

different regions in Brazil.

Keywords: Toxoplasmosis; swine; serology; isolation; PCR-RFLP; microsatellites;

genotyping

Introduction

Toxoplasma gondii is an obligate intracellular protozoon that is very widespread
around the world. Over the course of its evolution, it has developed a large variety of
transmission routes. All homeothermic animals probably serve as intermediate hosts,
while members of the family Felidae are the definitive hosts (Tenter et al., 2000 and
Dubey 2010). Transmission can take place through ingestion of oocysts and tissue cysts
that are present in water or food and also through tachyzoites transmitted
transplacentally or through blood transfusion or organ transplantation (Hill and Dubey
2002).

In humans, infection by 7. gondii is usually asymptomatic. However, in
immunosuppressed individuals or in cases of congenital infection, the symptoms may
be severe and may especially involve the nervous system (Dubey and Jones, 2008). In
pigs, like in other animal species, the main problems caused by 7. gondii are of
reproductive nature, causing abortion, stillbirth and fetal mummification (Tsutsui et al.,
2003). However, acute toxoplasmosis may also occur in newborn or newly weaned pigs
(Thiptara et al., 2006 and Klein et al., 2010). Among production animals, pigs are
considered to be the most important source of infection for humans (Dubey, 2009 and

Tenter et al., 2000).
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In South America, there is wide genetic variability among 7. gondii isolates,
compared with those in Europe and the United States, where the classical clonal types I,
IT and III are most commonly encountered. In Brazil, most of the samples encountered
are non-archetypal and some lineages are considered to be Brazilian clonal types and
have been designated Brl, Brll, BrIIl and BrIV (Pena et al., 2008).

Serological diagnoses are important among 122 production animals. These
indicate situations of contamination of rural spaces, given that these animals are in
direct contact with the environment for long periods (Bonna et al., 2006). Isolation of
this parasite through bioassays demonstrates the viability of cysts that are capable of
infecting humans and other animals, and this is fundamental for diagnosing the zoonotic
potential of 7. gondii in production animals. Investigation of genotypes originating from
T. gondii infection in animals has the aims of ascertaining the correlation between the
variant encountered and the biological properties of this variant and epidemiologically
tracking the agent in order to identify infection sources or transmission routes (Owen
and Trees, 1999).

Therefore, this study had the aims of serologically diagnosing, isolating and
genotyping 7. gondii samples from natural infection in pigs that were slaughtered in the

state of Paraiba, northeastern Brazil.

Materials and Methods

For the genotyping analysis, 25 samples of 7. gondii that were isolated in mice
and had originated from pigs slaughtered in the state of Paraiba, northeastern Brazil,
were used. From these, 12 isolates were obtained in the present study, through analysis
on samples from 120 pigs, using the indirect immunofluorescent antibody test (IFAT)
(Camargo, 1974), with cutoff of 1:64, for investigating anti-7. gondii antibodies. The
isolates were from brain, heart and tongue tissues of the seropositive animals and were
obtained in accordance with protocols that had previously been described (Dubey,
2010). The only two municipalities in this region of Paraiba that had authorization for
slaughtering these animals were Patos and Esperanca, but the animals came from
several neighboring municipalities (Figure 1). In 147 addition, 13 isolates from pigs
(named in the present study as TgPigBrPB3-15) that were described by Feitosa et al.

(2014) were incorporated into the present study for genotyping.



49

This experiment was conducted in accordance with the laws in force in Brazil
and was approved by the ethics committee of the Federal University of Campina Grande
(UFCG), under protocol 01-2012.

DNA extraction was performed on brain tissue from mice that was found to be
positive through examination under a microscope. For this, the commercial kit Wizard®
DNA Clean-Up System (Promega, Madison, WI, USA) was used.

For the polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP), 11 genetic markers were used: SAG1, SAG2 (53" SAG2 and alt. SAG2),
SAG3, BTUB, GRAG6, c22-8, ¢29-2, L358, PK1 and Apico (Su et al., 2010) and the
marker CS3 (Pena et al. 2008). Samples of clonal types I (RH), I (PTG) and III (CTG)
were included as positive controls; and Cougar, MAS and TgCatBr5 were included as
references. Firstly, the DNA target sequences were amplified by means of multiplex
PCR, using external primers for all markers, followed by nested PCR for all the markers
separately. The PCR products were diluted 1:1 in ultrapure water before use in the
nested PCR. All the protocols used had previously been described (Pena et al., 2008 and
Su et al., 2010).

To investigate the RFLP pattern of each sample, 3 pL of the product from the
nested PCR was mixed with 17 pL of digestion reaction and one unit of each restriction
enzyme. The samples were incubated in accordance with the manufacturer’s
recommendations for what would be ideal for each enzyme. The digestion protocols
described by Su et al. (2010) were used, except for the protocol for CS3, which was
described by Pena et al. (2008). After digestion, the samples were subjected to
horizontal electrophoresis on 2.0-3.0% agarose gel and the bands were viewed under
ultraviolet light, using an image analyzer (Alpha Innotec Corp, San Leandro, CA,
USA). The results thus obtained were compared and classified according to the
genotypes present in the TOXODB database (http://toxodb.org/toxo/) and according to
recent published papers. The phylogenetic relationships of the 7. gondii isolates
obtained were examined by means of SplitsTree4 (Huson, 1998, Huson and Bryant,
2006), using the PCR-RFLP results.

The isolates were also analyzed by means of 15 microsatellite markers: TUB2,
W35, TgMA, B18, B17, M33, IV.1, X1.1, N60, N82, AA, N61, N83, M48 and M102,
following protocols described by Ajzenberg et al. (2010). The analysis on the results

was done using the Genemapper® 4.1 software (Applied Biosystems).
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Results

Among the 120 pigs tested for 7. gondii, 15 (12.5%) were seropositive, with
titers ranging from 64 to 2048. The parasite was isolated in 80% of these seropositive
pigs (12/15), with titers > 64 in the IFAT, and these isolates were named TgPigBrPB16-
27.

Eight of these isolates were considered to be lethal for at least one of the five
mice that were infected with them. Only the isolate TgPigBrPB18 was capable of
killing all of the mice thus infected. It was observed that with most of the isolates, at
least one mouse resisted until the 42nd day post-inoculation (DPI), which was when
serological tests were performed. The seropositive mice were sacrificed on the 60th DPI
(Table 1). Details on the lethality of the isolates TgPigBrPB3-15 are described in
summary form in Table 1 and can be seen in greater detail in Feitosa et al. (2014).
Regarding the lethality of the 18 isolates with complete genotyping (excluding the
isolate with mixed infection) in the present study, 40.3% of the mice (27/67) died
between the 10th and 30th DPI with acute toxoplasmosis.

Complete genotypes were obtained from 19 of the 25 isolates, using 11 markers,
by means of PCR-RFLP (Table 1). In these 19 isolates, 12 genotypes were revealed.
These were distributed across nine municipalities in Paraiba, Brazil (Table 1). Six of
them were new and the present study provided the first description in Brazilian studies,
or in other studies, as far as we know. Genotype #203, from the isolate TgPigPB13, was
described for the first time in Brazil, although it had been described previously in
Gabon, Africa (Shwab et al., 2014). Genotypes #114 and #116 had only been described
previously in the northern and northeastern regions of Brazil (supplementary material).

It was also highlighted that most of the genotypes are a combination of alleles I
and III in the different markers and that allele II was only found in three markers (GRA-
6, c22-8 and CS3). The isolate named TgPigBrPB22 presented mixed infection in seven
loci, with a combination of two alleles in six markers (5°3” SAG, alt.SAG2, ¢22-8, c29-
2, L358 and Apico).

Fifteen genotypes were obtained through the microsatellite analysis
(supplementary material), which was expected, given that this technique has greater

power of resolution.
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Among the six new PCR-RFLP genotypes, four were represented in only one
isolate. The isolates TgPigBrPB3 and TgPigBrPB26 which originated from the same
municipality and were possibly clones, presented the same microsatellite profile
(supplementary material).

No classical clonal lineage of types I, II or III was found through PCR-RFLP.
The Brazilian clonal lineage type Brlll was detected in a single isolate (TgPigBrPB19),
which corresponded to the classical type III, 222 according to microsatellite analysis
(supplementary material). The genotype most frequently encountered was #013, which
was identified in four isolates from different municipalities (TigPigBrPB17, 18, 20 and
27). Through microsatellite analysis, two genotypes (Caribbean 1) were identified and
the isolates TgPigBrPB17, 20 and 27 presented the same profile; however, because of
the distance between the three municipalities, it is possible that these were independente
samples, which would thus demonstrate the high level of circulation of these genotypes
in this region. These samples were compared by means of microsatellite analysis with
another nine isolates of the genotype Caribbean 1, also from the northeastern region,
and were considered to be unique genotypes (H.F.J. Pena, personal communication).

The phylogenetic network (Fig. 2) formed by these isolates, together with the
Brazilian clonal types and other genotypes that have been described in isolates from
pigs in the northeastern region of Brazil, showed a high degree of reticulation because
of the high genetic diversity between these isolates. The greatest divergence observed
was in relation to types II and Brll and the isolates studies presented greatest proximit in

relation to types III and BrIlIl.
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Table 1 PCR-RFLP genotyping of Toxoplasma gondii isolates from pigs from Paraiba state, northeastern Brazil, and lethality in mice.

PCR-RFLP genétipo ToxoDB
RFLP-Genétipo
Mortalidade Diada
Isolado ID*  Cidade 1 morte PI2 53°
SAG1 SAG2 SAG2 SAG3 BTUB GRAG6 ¢22-8 ¢29-2 L1358 PK1 Apico CS3

TgPigBrPB19 Patos 0/5 Nd I I I I I I II I o  nor I I #008
Tipo BrIll
TgPigBrPB17 Malta 0/4 Nd I I I I I I II I o I I I #13
TgPigBrPB18 Malta 2/2 25,44
TgPigBrPB20 Agua Branca 2/5 10, 41
Sao José do

TgPigBrPB27 Bonfim 3/5 17,22, 23

23, 25, 28,
TgPigBrPB11 Quixaba 5/5 35,53 I I I I I I I I JIOE I e 1 I #116
TgPigBrPB14 Areial 2/2 21,23
TgPigBrPB16 Esperanca 171 31 I I I I I I I I o I I I #114
TgPigBrPB24 Patos 3/4 15,16 I I I I I I I I m o I I #109
TgPigBrPB23 Patos 3/5 20,21,22 1 I I I I I I I o I I 1 3TgCkBrPB7,8

TgPigBrPB9 Olho d’agua 1/4 33 I I I I I II u-1  III Im I I I 3TgCkBrPB11
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TgPgBrPB21 Olho d’agua 1/4 17 12,14
TgPigBrPB8 Quixaba 1/1 41 I I I I I I II I or o I II 3TgCkBrPB26
TgPigBrPB3, AguaBranca 0/2 Nd I I I I I II II I or o I I Novo
26

217, 33, 35,
TgPigBrPB10 Olho d’agua  4/5 42 I I I I I m I I o I I m Novo

18, 19,19,
TgPigBrPB12 Esperanca 5/5 20, 20 I III III III I III u-1 I Im m I I Novo

Campina

TgPigBrPB13 Grande 2/4 21,23 I I I III I II II III Im I III III Gabon, Africa
TgPigBrPB22 Patos 3/4 15,21,21 1 I+IT I+IT T I I I+ T+ TOI+T T I+ I Mista

1 Numero de camundongos mortos/ total de camundongos infectados

2 Dias ap6s a inoculacdo que cada camungondo morreu

3 Aguardando a numerag¢ao do ToxoDB
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Fig.2. Phylogenetic network of the 7. gondii isolates from pigs from northeastern Brazil,
using PCR-RFLP data. The samples in bold were obtained in the present study. The
following were included: archetypal reference genotypes (GTI = type I; PTG = type II;
and CTG = type III); typical Brazilian genotypes (type Brl, type Brll and type Brlll) and
other isolates from pigs that had previously been described. *Samples from this study
with genotypes described for the first time.
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Discussion

The high frequency of seropositivity for 7. gondii observed among the pigs in this
study (12.5%) was similar to what had previously been found by Feitosa et al. (2014),
who observed that 19.5% (37/190) of the pigs at slaughterhouses in the state of Paraiba
were seropositive. Magalhdes et al. (2016) found even higher seroprevalence(51.85%;
14/277) among pigs on the island of Fernando de Noronha, Pernambuco, Brazil. In these
studies, the pigs were reared extensively and in an artisanal manner, without any concern
for sanitary management. Cats 247 were frequently present, in direct contact with the
animals. On the other hand, in studies conducted on technologically more advanced pig
farms, the seroprevalence of 7. gondii is much lower, as can be seen in the studies by
Djokic et al. (2016) and Trevisani et al. (2013), who found prevalences of 6.9% and 6.5%
in France and Brazil, respectively. This demonstrates that appropriate management for
pigs is extremely important for diminishing the rate of infection of this host due to T.
gondii.

As expected among the Brazilian isolates of 7. gondii from different hosts, the
lethality observed among mice was high (Dubey et al., 2012a, Beltrame et al., 2012 and
Vitaliano et al., 2015). However, because the infecting dose could not be calculated at the
time of the bioassay, it was not possible to determine the virulence of each sample. On
the other hand, in the northern hemisphere, most studies have shown that the T.gondii
strains isolated present low lethality in mice (Dubey et al., 2008a and Dubey et al.,
2012b).

In the present study, clonal type BrllIl was identified in one isolate. This Brazilian
clonal lineage had previously been identified in several hosts, such as cats, sheep, humans
and dogs, in different regions of Brazil (Pena et al. 2008, Ragozo et al., 2010, Carneiro et
al., 2013 and Silva et al., 2014). Moreover, Carneiro et al. (2013) found that genotype in
newborns with congenital 7. gondii infection. However, this is the first record of
identification of type Brlll in pigs, thus highlighting its widespread distribution among
definitive and intermediate hosts in Brazil. Little is known about the circulation of T.
gondii strains among humans, and the information that does exist originated only from
the southeastern or southern regions of the country.

Genotype #013 had already been described in several 7. gondii isolates in
northeastern Brazil, both in domestic and wild animals (Dubey et al., 2008b, Ragozo et
al., 2010, Pena et al., 2011 and Almeida et al., 2017). Clementino Andrade et al. (2013)

also found that this genotype was present in an isolate from pig in Rio Grande do Norte, a
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state that neighbors Paraiba, Brazil. It seems that #013 occurs homogenously among
different animal species in the northeastern region of Brazil, thus suggesting that this is a
clonal type that circulates in the northeastern region of Brazil.

Occurrence of several genotypes at the same locality increases the chances of T.
gondii mixed infections which would explain the observation of a mixed genotype in the
present study. This type of infection provides a situation favoring 7. gondii gene
recombination, since from the time when a felid becomes infected concomitantly with
different samples of the parasite, crossing of gametes and production of new parasites
that are genetically different from the infecting strains can occur, thus providing greater
genetic diversity for the parasite (Dardé, 2008, Pena et al., 2008 and Sibley and Ajioka,
2008).

Genotyping studies on 7. gondii isolates in Brazil began approximately one
decade ago. More than 300 isolates and 100 genotypes have now been described in Brazil
(Shwab et al., 2014), but it was not a surprise that six new genotypes were identified in
isolates from pigs in the present study, given that most of the isolates studied so far have
originated from the southern and southeastern regions of Brazil. Likewise, only recently,
Olinda et al. (2016) described two cases of acute toxoplasmosis in pigs, also in Paraiba,
in which the genotype Chinese 1 was reported in Brazil for the first time. Six out of the
12 genotypes identified in the present study can be considered to be unique to Brazil. The
low technological level of pig breeding in the region studied, with the presence of cats
and the habit of offering leftovers to the animals (Feitosa et al., 2014) provides an
appropriate environment for infection with the different strains that are in circulation.

The results from the present study demonstrate the great genetic diversity of 7.
gondii in the state of Paraiba and corroborate what has been found in several genetic
studies, which demonstrated its enormous diversity in different hosts and Brazilian states
(Ragozo et al., 2010, Pena et al., 2013, Carneiro et al., 2013 and Silva et al.,2014). These
results also indicate the possibility that further new genotypes might be identified in

future studies.

Conclusion
It can be concluded that 7. gondii is widely disseminated among pigs slaughtered
for human consuming in the state of Paraiba and that its isolates present high lethality

towards mice. Regarding genetic analysis, the genotypic diversity of the parasite in the
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state of Paraiba is high and non-archetypal genotypes commonly circulate among

different hosts in different regions of Brazil.
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CONCLUSOES

Os resultados obtidos permitem concluir que:

e O T. gondii encontra-se amplamente distribuido em suinos e galinhas no
estado da Paraiba, Brasil;

e Os isolados provenientes de suinos e galinhas do estado da Paraiba
apresentam um perfil de grande mortalidade em camundongos;

e O gendtipo #013 € mais frequente em suinos e galinhas do Estado da
Paraiba, Brasil;

e A variabilidade genética deste parasito encontrada em suinos e galinhas é
altae

e Existem grandes chances de novos gendtiposrecombinantes serem

revelados na regido estudada.



ANEXOS

62



63

ANEXO I — Comprovante de Publicacao do Capitulo I

Parasitology Research
. October 2016, Volume 115, Issue 10, pp 3983-30990

First study on seroepidemiology and isolation of
Toxoplasma gondii in free-range chickens in the semi-
arid region of Paraiba state, Brazil

Authors Authors and affiliations

Thais Ferreira Feitosa, Vinicius Longo Ribeiro Vilela, Jodo Leite de Almeida-Neto, Antonielson dos Santos,
Dayana Firmino de Morais, Ana Célia Rodrigues Athayde, Sérgio Santos de Azevedo, Hilda Fatima de Jesus Pena[~]

Original Paper Cite this article as:
Feitosa, T.F,, Vilela, V.L.R., de Almeida- N 138
H i L no = 1R i _—
FifcE Online: 00 e 2010 Neto, J.L, et al. Parasitol Res (2016} STotes Downloods

DOI: 10,1007/500436-016-5164-5 115; 3983, doi:10.1007/500436-016-

5164-5



64

ANEXO II — Comprovante de Submissao do Capitulo IT

Parasitology Research

New genotypes of Toxoplasma %ondii from free range chickens (Gallus gallus

domesticus)

Manuscript Number:
Full THe:

Artlcle Type:
Funding Infarmation:

Abstract

Comresponding Authar

Comesponding Authar Secandary
Infarmation:

Comesponding Authar's Instiution:

Comesponding Authar's Secondary
Institution:

First Auther:
Flrst Author Secondary Information:
Order of Authors:

Order of Authars Secondary Information:

Author Comments:

rom Paraiba State, Brazil
--Manuscript Draft--

[ew genotypesaf Toxoplasma gondii from free range chickens (Gallus gallus
domesticus) from Faraibha State, Brazil

Short Communication
Conselho Macional de De senvolvimenta

Cientifico e Tecnaldgico
fno. 474737 F 2012-8 (H.F.J.PJ)

DOra Hilda Fatima de Jesus Fena

The ohjective of this study wasto genetically characterize T. gondii isolates from free
range chickens from State of Paraiba, Brazil, There were used 33 samples of chickens
isolated from mice, These samples were obtained from properties located in five
municipalities of Paraiba including Esperanca, Mae D'agua, Malta, Monteiro and
Fatos For DMNA extraction and subseguent genotypic analysis, there were used brains
of infected mice with T. gondii cysts. Strain typing was performed using 12 PCRE-RFLP
markers SAGT, SAGZ, alt. SAGZ, SAGSE, BTUE, GRAG, c22-8, c29-2, L3585 PK1,
Apico and CSa, Mine genotypes were identified; three were identified as novel in six
isolates. The Brazilian clonal types BErll and Brlll had one isolate each. Clonal typesl, |l
or lll were not observed. The most frequent genetype, found in 14 (46.7%) isolated
distributed in four of the five municipalities studied was # 013, The other genotypes
were restricted to different micro regions. It can be concluded that there is great
genotypic diversity of T. gondii in the state of Paraiba and that the genotype # 013 is
frequently found in the Brazilian northeast, which may be even considered a typical
clonal type of this region.

Thais Ferreira Feitosa, Magister
Instituto Federal de Educacao Ciencia e Tecnologia da Paraiba
BRAZIL

Instituto Federal de Educacan Ciencia e Tecnologia da Paraiba

Thais Ferreira Feitosa, Magister

Thais Ferreira Feitosa, Magister
Yinicius Longo Ribeiro Vilela, Ph..
Jodo Leite De Almeida-neto, Magister
Antonielson Dos Santos, graduated
Dayana Firmino De Maorais, Magister
Ana Celia Rodrigues Athayde, Doctar

Hilda Fatima de Jesus Pena, Doctor



65

ANEXO III — Comprovante de Submissao do Capitulo III

Elsevier Editorial System(tm) for Veterimary
Farasitology
Manuscript Oraft

Manuscript Numlrer: Mo, Vetpar-5-17-001%6

Title: High genetic diversity showed For the first time in Towoplasma
gondii isolates from pigs from Paraiba =tate, Wortheast Brazil, with new
non-archetypal genotypes and clonal Brazilian lineages circulation

Article Type: Research paper
Keywords: Genotypilc characterizationg Diagnosiay PCR /f RFLE; I1FAT
Corresponding Author: Frofessor Thals Ferreira Feitosa, M.D.

Corregponding Author's Institution: Universidade Fedetal de ‘Campina
Grande

Fipst Aurhor: Thais Farreira Feitosa, M.D.

Order of Anthors: Thais Ferreira Feitosa, M.D.y Vinlcius Lopgo R Vilela,
Doctor: Jodo L Almeida-neto, Graduates Lidio Bicardo B Melo, Maglister:
Dayana F de Morcais, Magistec; Ana Célis R Athayde, Doctor:; Brunma F
Alves, Magistery Hilds Fatima J Pena, Doctord Fabiana WNakazhima, Doctor

Bbstract: The consumption of swine meat infeoted with Toxaplasma gondii
cyata i3 considered an important route of transmission of this protozoan
Lo humans and animals. Therefore, this study simed to perform the
gerclogy, igeolation and genctyping of glaughtered pigs in the =tate aof
Paraiba, Brazil. There were collected a total of 120 blood and tissue
gamples (heart, tongue and brain) from pigs from slsughterhouses in the
state of Faraiba. The serological test was performed through Indirect
Fluorescente Antibady Test (IFAT] with a cut-off point of I:6d. The
tizszues of the positive animals were submitted to the bicassay in mice
for igolation of the parasite. The isolates obtained in this study and
additionally 13 previously unreleased izolates from previous research
ware genotvped by PCR-restriction fragment-lench polymorphism (BCE /
RFLF) using 12 genetic markers (SRG1, SAGZ, alt.SAGZ, SAG3, BTUR, GRAG,
Cc2Z2-B, C29-2, LZ5E, PKl, ©¢53 and Apico). It was obszerved & total of 12.5%
(15/120) of poasitive animals in the IFAT with titets warying from &4 to
2048, It was poszsible to i=olate the parasite in 80% (12/15) of the
bicassays performed. From the 25 (12 of this research and 13 of previous
studies) isolates submitted to PCR / BRFLP, a complete genotype of 23 was
obtained and 13 genctypes were revezled, four of them unpublished. One
isoclate presented mized infection, The BrIII clonal litneage was found in
one izolate while genotype # 013 (Caribbean I), commonly found in the
Moctheast reqion of Brazil, was the most freguent genotyps. These results
demonstrate that T. gondii is widely distributed among pigs slaughtered
in the state of Paraiba, cobfirming the high genetic diversity of the
parasite in the region studied and that non-archetypes genotypes commonly
circulate among different hosts and regions of Brazil



66

ANEXO IV- NORMAS PARA A PUBLICACAO NA PARASITOLOGY RESEARCH



67

07/04/2016 Parasitology Research — incl. option to publish open
access

Biomedical Sciences - Medical Microbiology | Parasitology Research — incl. option to publish
open access

@ Springer

Biomedical Sciences > Medical

Medical Microbiology Home > Microbiology
SUBDISCIPLINES JOURNALS
BOOKS SERIES TEXTBOOKS REFERENCE WORKS

Parasitology Research

bunded as Zeitschrift fiir Parasitenkunde
Editors: H. Mehlhorn; B. Chobotar

= ISSN: 0932-0113 (print version) Online
FRISSN: 1432-1955 (electronic version)

:. Read

Journal no. 436

Personal Rate e-only for the Americas

& Online subscription, valid for one calendar year

» Immediate Content Access via SpringerLink

= 1 Volumes with 12 issues per year

& Subscription will auto-renew for another year unless duly terminated

= FAQ & Policy

ABOUT THIS JOURNAL : EDITORIAL BOARD : ETHICS & DISCLOSURES
INSTRUCTIONS FOR AUTHORS

Instructions for Authors

AUTHORSHIP POLICY =


http://www.springer.com/biomed?SGWID=0-124-0-0-0
http://www.springer.com/biomed/medical+microbiology?SGWID=0-129-0-0-0
http://www.springer.com/biomed/medical+microbiology?SGWID=0-129-0-0-0
http://www.springer.com/gp/help/buying-in-the-springer-shop/16712
http://www.springer.com/generic/terms?SGWID=5-40112-0-0-0
http://www.springer.com/biomed/medical+microbiology/journal/436/PS2
http://www.springer.com/biomed/medical+microbiology/journal/436/PS2?detailsPage=editorialBoard
http://www.springer.com/biomed/medical+microbiology/journal/436/PS2?detailsPage=societies

68

Authorship should incorporate and should be restricted to those who have contributed

substantially to the work in one or more of the following categories:

Conceived of or designed study
Performed research

Analyzed data

Contributed new methods or models

Wrote the paper

MANUSCRIPT SUBMISSION S

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before;
that it is not under consideration for publication anywhere else; that its publication has been
approved by all co-authors, if any, as well as by the responsible authorities — tacitly or
explicitly

— at the institute where the work has been carried out. The publisher will not be held legally

responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copyright owner(s) for both the print and
online format and to include evidence that such permission has been granted when submitting
their papers. Any material received without such evidence will be assumed to originate from

the authors.

Online Submission
Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files

following the instructions given on the screen.

Costs of Colour Illustrations

Online publication of color illustrations is always free of charge.



69

For color in the print version, authors will be expected to make a contribution towards the extra
costs of EUR 950 / US$ 1150 (+ local tax) per article, irrespective of the number of figures in
it.

TITLE PAGE
Title Page

The title page should include:

The nam%:(s) of the author(s)

A concisé;_and informative title

The affili:étion(s) and address(es) of the author(s)

The e—maﬂ address, telephone and fax numbers of the corresponding author

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined
abbreviations or unspecified references.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.
TEXT

Text Formatting

Manuscr

ipts should be submitted in Word.

Usea nor:Enal, plain font (e.g., 10-point Times Roman) for text.

Use italicé for emphasis.

Use the ai}tomatic page numbering function to number the pages.

Do not use field functions.

Use tab st;ops or other commands for indents, not the space bar.

Use the ta;l;ble function, not spreadsheets, to make tables.

Use the eéuation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).
Manuscripts with mathematical content can also be submitted in LaTeX.

"LaTeX macro package (zip, 182 kB) Headings


http://static.springer.com/sgw/documents/468198/application/zip/LaTeX.zip

70

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation,
and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).
Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the

title page. The names of funding organizations should be written in full.

SCIENTIFIC STYLE S5

Please always use internationally accepted signs and symbols for units (SI units).

Nomenclature

The International Code of Zoological Nomenclature (ICZN) must be observed. Genus and
species names should be in italics. Authors of scientific names of the genus and species group
should not be italicized. At first mention, a specific name should be cited with nomenclatural
author and year, e.g. Catenula lemmnae (in italics) Duges, 1832. When three or more joint
authors have been responsible for a name, then the citation of the name of the authors may be
expressed by use of the term "et al." following the name of the first author, provided that all
authors of the name are cited in full elsewhere in the same work, either in the text or in a
bibliographic reference. Authors unfamiliar with the taxonomy of the group to which a species
belongs should consult an expert to ensure that it is properly identified and that the correct

name is used.



71

REFERENCES

Citation
Cite references in the text by name and year in parentheses. Some examples:
Negotiation research spans many disciplines (Thompson 1990). This result was later

contradicic:ed by Becker and Seligman (1996).

This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b; Kelso and Smith
1998; Medvec et al. 1999, 2000).

Reference list

The list of references should only include works that are cited in the text and that have been
published or accepted for publication. Personal communications and unpublished works should
only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a reference
list.

Reference list entries should be alphabetized by the last names of the first author of each work.
Order multi-author publications of the same first author alphabetically with respect to second,

third, etc. author. Publications of exactly the same author(s) must be ordered chronologically.
Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect
of high intensity intermittent training on heart rate variability in prepubescent children. Eur J

Appl Physiol 105:731-738. doi: 10.1007/s00421-008- 0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists

will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med
965:325-329
Article by DOI

Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol
Med. doi:10.1007/s001090000086
Book



72

South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chaEPter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern
genomics, 3rd edn. Wiley, New York, pp 230-257

Online d(i)ipument

Cartwright J (2007) Big stars have weather too. [OP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertatign

Trent JW (1975) Experimental acute renal failure. Dissertation, University of

California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title

Word Abbreviations, see

©ISSN LTWA

If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the formatting of in-
text citations and reference list.

" EndNote style (zip, 2 kB)
TABLES -
All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the table.


http://images.webofknowledge.com/WOK46/help/WOS/A_abrvjt.html
http://static.springer.com/sgw/documents/943037/application/zip/Springer+Basic+EndNote.zip

73

Identify any previously published material by giving the original source in the form of a
reference at the end of the table caption.
Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for

significance values and other statistical data) and included beneath the table body.
ARTWORK AND ILLUSTRATIONS GUIDELINES =

Electronic Figure Submission

Supply all figures electronically.

Indicate vxhat graphics program was used to create the artwork.

For Vect(:):r graphics, the preferred format is EPS; for halftones, please use TIFF format.
MSOfficeﬂ. files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files. Name your figure

files with®'Fig" and the figure number, e.g., Figl.eps.

Line Art
100
=& - Ameboid microglia
& - Ramified microglia

a

£ j SE—

= - ==

I - .
T 10 F

E_. & o o

- AXANOVA: P=025

'

& I

o Fa

T

o ;

s 1 4

E] T

3 Rl S
E ' N}

1xANOVA: P=0.01 * each
4xAMOVA: P=0.04 *
0

DLPFC ACC Hi MD



74

Definitior::l_: Black and white graphic with no shading.

Do not uée faint lines and/or lettering and check that all lines and lettering within the figures
are legiblg at final size.

All lines §hould be at least 0.1 mm (0.3 pt) wide.

Scanned :l:ine drawings and line drawings in bitmap format should have a minimum resolution
of 1200 dp1

Vector grgphics containing fonts must have the fonts embedded in the files.

Halftone Art
Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale bars within the

figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art

Group | * mewte  EEETTTTTTT—— i
RN I —— 1 | ¢ ] ) S—
G C T — | | | — L
¢ meiu1Ess (I 301

" mGhSa IIIIINR 17

! mGhso ITEEIINN I 1208
Group Il * mena 44 -4 ) E—

! mGhuaad | | 835

Group llI* mewe:  EEEEEEEEEEEEETEEEEEREINE o571
QYT R o—

! m@wra 18084 & m— T
* mEkiTh 040000 —
= mGhiTe B E 00—
" mGk7d 800000 m—
* mGhiTe 1000000 —
" mGhga | 00—
" mGugs | AR A 0] —
® mGheo | | 501

Definition: a combination of halftone and line art, e.g., halftones containing line drawing,

extensive lettering, color diagrams, etc.



75

Combination artwork should have a minimum resolution of 600 dpi.
Color Art

Color art is free of charge for online publication.

If black B;Pd white will be shown in the print version, make sure that the main information will
still be Viigible. Many colors are not distinguishable from one another when converted to black
and white. A simple way to check this is to make a xerographic copy to see if the necessary
distinctions between the different colors are still apparent.

If the figg{es will be printed in black and white, do not refer to color in the captions.

Color illu:étrations should be submitted as RGB (8 bits per channel).

Figure Lf:::.ttering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm
(812 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an
axis and éO—pt type for the axis label.

Avoid effgcts such as shading, outline letters, etc.

Do not in:clude titles or captions within your illustrations.

Figure Nlimbering

All figures are to be numbered using Arabic numerals.

Figures s?lould always be cited in text in consecutive numerical order. Figure parts should be
denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the

consecutive numbering of the main text. Do not number the appendix figures,

"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should,

however, be numbered separately.

Figure Captions
Each figure should have a concise caption describing accurately what the figure depicts.
Include the captions in the text file of the manuscript, not in the figure file. Figure captions

begin with the term Fig. in bold type, followed by the figure number, also in bold type.
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No punctuation is to be included after the number, nor is any punctuation to be placed at the
end of thé caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as
coordinaté points in graphs.

Identify previously published material by giving the original source in the form of a reference

citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible. When preparing your figures,
size figur;%s to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not
higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide and not

higher than 198 mm.
Permissions

If you include figures that have already been published elsewhere, you must obtain permission
from the copyright owner(s) for both the print and online format. Please be aware that some
publishers do not grant electronic rights for free and that Springer will not be able to refund any
costs that may have occurred to receive these permissions. In such cases, material from other
sources should be used.

All figures have descriptive captions (blind users could then use a text-to-speech software or a
text—to—BirE;lille hardware)

Patterns are used instead of or in addition to colors for conveying information (colorblind users
would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1
ELECTRONIC SUPPLEMENTARY MATERIAL =

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This feature
can add dimension to the author's article, as certain information cannot be printed or is more

convenient in electronic form.
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Submission

Supply all supplementary material in standard file formats.

Please 1nclude in each file the following information: article title, journal name, author names;
aff1l1at1on and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very
long download times and that some users may experience other problems during downloading.
Audio, Vlideo, and Animations

Aspect rat1o 16:9 or 4:3 Maximum file size: 25 GB Minimum video duration: 1 sec

Supporteo file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp
Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be converted to PDF if no interaction with the data is intended.

If the re%gers should be encouraged to make their own calculations, spreadsheets should be
submitte(l as .xlIs files (MS Excel).

Specialized Formats

Specializgd format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and
.tex can also be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.
Numbering

If supplying any supplementary material, the text must make specific mention of the material as
a 01tatlon srmrlar to that of figures and tables.
Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation

n <

(Online Resource 3)", “... additional data are given in Online Resource 4”.

Name the frles consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions



78

For each EEsi_upplementary material, please supply a concise caption describing the content of the
file.

Processing of supplementary files

Electroni% supplementary material will be published as received from the author without any

conversion, editing, or reformatting.
Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material Video files do
not conteilin anything that flashes more than three times per second (so that users prone to

seizures caused by such effects are not put at risk)
ETHICAL RESPONSIBILITIES OF AUTHORS S

This journal is committed to upholding the integrity of the scientific record. As a member of
the Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on
how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in
the journal, the professionalism of scientific authorship, and ultimately the entire scientific
endeavour. Maintaining integrity of the research and its presentation can be achieved by
following the rules of good scientific practice, which include:

The manuscript has not been submitted to more than one journal for simultaneous
Considere{'.[ion.

The manuscript has not been published previously (partly or in full), unless the new work
concerns an expansion of previous work (please provide transparency on the re-use of material
to avoid the hint of text-recycling (“self-plagiarism”)).

A single EEStudy is not split up into several parts to increase the quantity of submissions and
submitted to various journals or to one journal over time (e.g. “salami-publishing”).

No data h"ave been fabricated or manipulated (including images) to support your conclusions
No data, text, or theories by others are presented as if they were the author’s own
(“plagiarism”). Proper acknowledgements to other works must be given (this includes material

that is closely copied (near verbatim), summarized and/or paraphrased), quotation marks are
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used for verbatim copying of material, and permissions are secured for material that is
copyrighted.

Important note: the journal may use software to screen for plagiarism.

Consent to submit has been received explicitly from all co-authors, as well as from the
responsible authorities - tacitly or explicitly - at the institute/organization where the work has
been carried out, before the work is submitted.

Authors whose names appear on the submission have contributed sufficiently to the scientific

work and therefore share collective responsibility and accountability for the results.

In addition:

Changes of authorship or in the order of authors are not accepted after acceptance of a
manuscrigt.

Requesting to add or delete authors at revision stage, proof stage, or after publication is a
serious matter and may be considered when justifiably warranted. Justification for changes in
authorship must be compelling and may be considered only after receipt of written approval
from all authors and a convincing, detailed explanation about the role/deletion of the
new/deleted author. In case of changes at revision stage, a letter must accompany the revised
manuscript. In case of changes after acceptance or publication, the request and documentation
must be sent via the Publisher to the Editor-in-Chief. In all cases, further documentation may
be required to support your request. The decision on accepting the change rests with the
Editor-in-Chief of the journal and may be turned down. Therefore authors are strongly advised
to ensure the correct author group, corresponding author, and order of authors at submission.
Upon reqﬁliiest authors should be prepared to send relevant documentation or data in order to
verify the validity of the results. This could be in the form of raw data, samples, records, etc.

If there is a suspicion of misconduct, the journal will carry out an investigation following the
COPE guidelines. If, after investigation, the allegation seems to raise valid concerns, the
accused author will be contacted and given an opportunity to address the issue. If misconduct
has been established beyond reasonable doubt, this may result in the Editor-in-Chief’s
implemegtation of the following measures, including, but not limited to:

If the artiigle is still under consideration, it may be rejected and returned to the author.

If the article has already been published online, depending on the nature and severity of the

infraction, either an erratum will be placed with the article or in severe cases complete
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retraction of the article will occur. The reason must be given in the published erratum or
retraction note.

The author’s institution may be informed.
COMPLIANCE WITH ETHICAL STANDARDS =

To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial),
informed consent if the research involved human participants, and a statement on welfare of
animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research:involving Human Participants and/or Animals

Informed:consent

Please n(:;te that standards could vary slightly per journal dependent on their peer review
policies (i.e. single or double blind peer review) as well as per journal subject discipline. Before

submitting your article check the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure to
fulfill the above-mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST E

Authors must disclose all relationships or interests that could have direct or potential influence
or impart bias on the work. Although an author may not feel there is any conflict, disclosure of
relationships and interests provides a more complete and transparent process, leading to an
accurate and objective assessment of the work. Awareness of a real or perceived conflicts of
interest is a perspective to which the readers are entitled. This is not meant to imply that a
financial relationship with an organization that sponsored the research or compensation

received for consultancy work is inappropriate. Examples of potential conflicts of interests that
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are directly or indirectly related to the research may include but are not limited to the
following:

Researchié;rants from funding agencies (please give the research funder and the grant number)
Honorari?; for speaking at symposia Financial support for attending symposia Financial support

for educational programs Employment or consultation
Support from a project sponsor

Position (;n advisory board or board of directors or other type of management relationships
Multiple affiliations

Financial; relationships, for example equity ownership or investment interest Intellectual
property rights (e.g. patents, copyrights and royalties from such rights) Holdings of spouse
and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but are not
limited to personal relationships or competing interests directly or indirectly tied to this
research, or professional interests or personal beliefs that may influence your research.

The corresponding author collects the conflict of interest disclosure forms from all authors. In
author collaborations where formal agreements for representation allow it, it is sufficient for the
corresponding author to sign the disclosure form on behalf of all authors. Examples of forms

can be found here:

The corresponding author will include a summary statement in the text of the manuscript in a
separate section before the reference list, that reflects what is recorded in the potential conflict
of interest disclosure form(s).

See below examples of disclosures:
Funding: This study was funded by X (grant number X).
Conlflict of Interest: Author A has received research grants from Company A. Author B has

received a speaker honorarium from Company X and owns stock in Company Y. Author C is a

member of committee Z.


https://www.springer.com/?SGWID=0-102-2-1469445-preview&dynamic=true
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If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.

RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS S5

1) Statement of human rights

When reporting studies that involve human participants, authors should include a statement that
the studies have been approved by the appropriate institutional and/or national research ethics
committee and have been performed in accordance with the ethical standards as laid down in
the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964 Helsinki
Declaration or comparable standards, the authors must explain the reasons for their approach,
and demonstrate that the independent ethics committee or institutional review board explicitly
approved the doubtful aspects of the study.

The following statements should be included in the text before the References section:

Ethical approval: “All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards.”

For retrospective studies, please add the following sentence:

“For this type of study formal consent is not required.”

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments on
animals, authors should indicate whether the international, national, and/or institutional
guidelines for the care and use of animals have been followed, and that the studies have been
approved by a research ethics committee at the institution or practice at which the studies were
conducted (where such a committee exists).

For studies with animals, the following statement should be included in the text before the

References section:
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Ethical approval: “All applicable international, national, and/or institutional guidelines for the
care and use of animals were followed.”

If applicable (where such a committee exists): “All procedures performed in studies involving
animals were in accordance with the ethical standards of the institution or practice at which the
studies were conducted.”

If articles do not contain studies with human participants or animals by any of the authors,
please select one of the following statements:

“This article does not contain any studies with human participants performed by any of the
authors.”

“This article does not contain any studies with animals performed by any of the authors.”

“This article does not contain any studies with human participants or animals performed by any

of the authors.”

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants
in studies have, for example, the right to decide what happens to the (identifiable) personal data
gathered, to what they have said during a study or an interview, as well as to any photograph
that was taken. Hence it is important that all participants gave their informed consent in writing
prior to inclusion in the study. Identifying details (names, dates of birth, identity numbers and
other information) of the participants that were studied should not be published in written
descriptions, photographs, and genetic profiles unless the information is essential for scientific
purposes and the participant (or parent or guardian if the participant is incapable) gave written
informed consent for publication. Complete anonymity is difficult to achieve in some cases,
and informed consent should be obtained if there is any doubt. For example, masking the eye
region in photographs of participants is inadequate protection of anonymity. If identifying
characteristics are altered to protect anonymity, such as in genetic profiles, authors should

provide assurance that alterations do not distort scientific meaning.

The following statement should be included:

Informed consent: “Informed consent was obtained from all individual participants included in
the study.”

If identifying information about participants is available in the article, the following statement

should be included:
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“Additional informed consent was obtained from all individual participants for whom

identifying information is included in this article.”
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DOES SPRINGER PROVIDE ENGLISH LANGUAGE SUPPORT?

Manuscripts that are accepted for publication will be checked by our copyeditors for spelling
and formal style. This may not be sufficient if English is not your native language and
substantial editing would be required. In that case, you may want to have your manuscript
edited by a native speaker prior to submission. A clear and concise language will help editors
and reviewers concentrate on the scientific content of your paper and thus smooth the peer
review process.

The following editing service provides language editing for scientific articles in all areas
Springer

publishes in:

Edanz English editing for scientists
Use of an editing service is neither a requirement nor a guarantee of acceptance for publication.
Please contact the editing service directly to make arrangements for editing and payment.
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Upon acceptance of your article you will receive a link to the special Author Query Application

at Springer’s web page where you can sign the Copyright Transfer Statement online and

indicate whether you wish to order OpenChoice, offprints, or printing of figures in color.

Once the Author Query Application has been completed, your article will be processed and you

will receive the proofs.

Open Choice

In addition to the normal publication process (whereby an article is submitted to the journal and

access to that article is granted to customers who have purchased a subscription), Springer

provides an alternative publishing option: Springer Open Choice. A Springer Open Choice

article receives all the benefits of a regular subscription-based article, but in addition is made

available publicly through Creative Commons Attribution-NonCommercial 4.0 International

License.

Springer Open Choice
Copyright transfer


http://www.edanzediting.co.jp/springer
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Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher
exclusive publication and dissemination rights). This will ensure the widest possible protection
and dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains with the
author. In opting for open access, the author(s) agree to publish the article under the Creative

Commons Attribution License.

Creative Commons Attribution-NonCommercial 4.0 International License

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors
will be expected to make a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness
and accuracy of the text, tables and figures. Substantial changes in content, e.g., new results,
corrected values, title and authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which
will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be

cited by issue and page numbers


http://creativecommons.org/licenses/by-nc/4.0/

87

ANEXO IV- NORMAS PARA A PUBLICACAO NA VETERINARY PARASITOLOGY
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VETERINARY PARASITOLOGY

An international scientific journal and the Official Organ of the American Association of
Veterinary Parasitologists (AAVP)), the European Veterinary Parasitology College (EVPC) and the
World Association for the Advancement of Veterinary Parasitology (WAAVP)

TABLE OF CONTENTS

*  Description p.1
*  Audience p.1
*  Impact Factor p.2
*  Abstracting and Indexing p.2
* Editorial Board p.2
*  Guide for Authors p4

ISSN: 0304-4017

DESCRIPTION

This journal is concerned with those aspects of helminthology, protozoology and entomology which are
of interest to animal health investigators, veterinary practitioners and others with a special interest in
parasitology. Papers of the highest quality dealing with all aspects of disease prevention, pathology,
treatment, epidemiology, and control of parasites in all domesticated animals, fall within the scope of the
journal. Papers of geographically limited (local) interest which are not of interest to an international
audience will not be accepted. Authors who submit papers based on local data will need to indicate why

their paper is relevant to a broader readership.

Parasitological studies on laboratory animals fall within the scope of the journal only if they provide a
reasonably close model of a disease of domestic animals. Additionally the journal will consider papers
relating to wildlife species where they may act as disease reservoirs to domestic animals, or as a
zoonotic reservoir. Case studies considered to be unique or of specific interest to the journal, will also be
considered on occasions at the Editors' discretion. Papers dealing exclusively with the taxonomy of

parasites do not fall within the scope of the journal.


http://www.aavp.org/
http://www.aavp.org/
http://www.aavp.org/
http://www.eurovetpar.org/
http://www.eurovetpar.org/
http://www.waavp.org/
http://www.waavp.org/
http://ees.elsevier.com/vetpar/
http://www.journals.elsevier.com/veterinary-parasitology/editorial-board/
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Studies on rickettsial disease organisms (Ehrlichia, Anaplasma, Eperythrozoon) will be considered for
publication in Veterinary Parasitology, but only if the paper deals with vector transmission of these

organisms to domesticated animals, or if zoonotic. Studies on Rickettsia per se will not be accepted.

Studies dealing with parasite control by means of natural products, both in vivo and in vitro, fall within
the scope of the journal, but only if well documented and with therapeutically relevant minimum

inhibitory concentrations of the active compound(s) being clearly demonstrated.

Circumstances relating to animal experimentation must meet the International Guiding Principles for
Biomedical Research Involving Animals as issued by the Council for International Organizations of
Medical Sciences. (Obtainable from: Executive Secretary C.1.LO.M.S., c/o W.H.O., Via Appia, CH-1211

Geneva 27, Switzerland.)

AUDIENCE

Research Workers and Practitioners in veterinary medicine, Animal Health Investigators and others with
a special interest in parasitology, veterinary pharmaceutical industry.

ABSTRACTING AND INDEXING

BIOSIS

Elsevier BIOBASE

Current Contents/Agriculture, Biology & Environmental Sciences
Index Catalog of Medical and Veterinary Zoology

MEDLINE®

Index Veterinarius

Helminthological Abstracts

Protozoological Abstracts

Referativnyi Zhurnal VINTI-RAN (Russian Academy of Sciences)
Veterinary Bulletin

Scopus

EDITORIAL BOARD

Editors-in-Chief

T. de Waal, Veterinary Science Centre, University College Dublin, Ireland
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D.K. Howe, Dept of Veterinary Science, M.H. Gluck Equine Research Center, University of Kentucky,

Lexington,

KY USA

I. Igarashi, National Research Center for Protozoan Diseases, Obihiro University of Agriculture and
Veterinary Medicine, Obihiro, Japan

L.H. Kramer, Universita degli Studi di Parma, Parma, Italy M.P. Reichel, University of Adelaide,
Adelaide, SA, Australia

Book Review Editor

W.E. Pomroy, Palmerston North, New Zealand

Editorial Advisory Board

G. Baneth, Rehovot, Israel

Berkvens, Antwerp, Belgium R.B. Besier, Albany, WA, Australia H-J. Beugnet, Lyon, France

Bowman, Ithaca, NY, USA

Cardoso, Vila Real, Portugal

Claerebout, Merelbeke, Belgium

Dorchies, Toulouse, France

Dorny, Antwerpen, Belgium H.M. Elsheikha, Leicestershire, UK

Gajadhar, Saskatoon, Saskatchewan, Canada

Geerts, Antwerp, Belgium

Genchi, Milan, Italy

Gilleard, Calgary, AB, Canada

Greer, Christchurch, New Zealand P.J. Holman, College Station, TX, USA

Kaplan, Athens, GA, USA T.J. Kennedy, Phoenix, AZ, USA

A.C. Kotze, St. Lucia, QLD, Australia D.S. Lindsay, Blacksburg, VA, USA L.S. Mansfield, East
Lansing, M1, USA

Marchiondo, Santa Fe, NM, USA M.B. Molento, Curitiba, Brazil

Morales-Montor, Mexico City, Mexico V.P.M.G. Naidoo, Pretoria, South Africa M.K. Nielsen,
Lexington, KY, USA

T.J. Nolan, Philadelphia, PA, USA P.U. Olafson, Kerrville, TX, USA

Otranto, Bari, Italy

Papadopoulos, Thessaloniki, Greece
R.A. Papini, Pisa, Italy

K. Pfister, Miinchen, Germany
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W.E. Pomroy, Palmerston North, New Zealand D.E. Rebeski, Cuxhaven, Germany

M. Santin-Duran, Beltsville, MD, USA

G. Schares, Greifswald - Insel Riems, Germany T. Schetters, Boxmeer, Netherlands

J. Schroder, North Sydney, NSW, Australia V. Shkap, Bet Dagan, Israel

J. Slapeta, New South Wales, Australia M.A. Taylor, Market Weighton, UK

R.C.A. Thompson, Murdoch, WA, Australia G. J. Venter, Hatfield, Pretoria, South Africa
G. Von Samson-Himmelstjerna, Berlin, Germany

D. Zarlenga, Beltsville, MD, USA

A. Zintl, Dublin, Ireland

FOR AUTHORS

INTRODUCTION

Original research papers (Regular Papers)
Review articles

Rapid Communications

Short Communications

Letters to the Editor

Book Reviews

Original research papers should report the results of original research. The material should not have

been previously published elsewhere, except in a preliminary form.

Review articles should cover subjects falling within the scope of the journal which are of active current

interest. They may be submitted or invited.

Rapid Communications should contain information of high 'news'/scientific value worthy of very rapid
publication. Rapid Communications should be submitted to the journal as such (i.e. clearly labelled as a
RC) and should, in general, not exceed 2000 words in length. Upon receipt, they will be subject to rapid

assessment and if accepted, published with priority.

Short Communications should consist of original observations or new methods within the scope of the
journal. Reports of observations previously published from different geographical areas may be accepted

only if considered sufficiently unusual or noteworthy. The Communications should be concise with the
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minimum of references, and cover no more than four pages of the journal; they need not be formally
structured as are full papers, but should give sufficient methods and data necessary for their

comprehension.

Letters to the Editor offering comment or useful critique on material published in the journal are
welcomed. The decision to publish submitted letters rests purely with the Editors-in-Chief. It is hoped
that the publication of such letters will permit an exchange of views which will be of benefit to both the

journal and its readers.

Book Reviews will be included in the journal on a range of relevant books which are not more than 2

years old and were written in English.

Book reviews will be solicited by the Book Review Editor. Unsolicited reviews will not usually be

accepted, but suggestions for appropriate books for review may be sent to the Book Review Editor:

Dr W. Pomroy

Institute of Veterinary, Animal and Biomedical Sciences Massey University

Private Bag 11 222 Palmerston North 4442 New Zealand w.pomroy @massey.ac.nz

You can use this list to carry out a final check of your submission before you send it to the journal for

review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
E-mail address

Full postal address

All necessary files have been uploaded:

Manuscript:

Include keywords

All figures (include relevant captions)

All tables (including titles, description, footnotes)
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Ensure all figure and table citations in the text match the files provided

Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations
Manuscript has been 'spell checked' and 'grammar checked'
All references mentioned in the Reference List are cited in the text, and vice versa

Permission has been obtained for use of copyrighted material from other sources (including the Internet)

Relevant declarations of interest have been made
Journal policies detailed in this guide have been reviewed

Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Circumstances relating to animal experimentation must meet the International Guiding Principles for
Biomedical Research Involving Animals as issued by the Council for the International Organizations of
Medical Sciences. They are obtainable from: Executive Secretary C.I1.O.M.S., c/o WHO, Via Appia,
CH-1211 Geneva 27, Switzerland, or at the following URL: http://www.cioms.ch/publications/
guidelines/1985_texts_of_guidelines.htm. Unnecessary cruelty in animal experimentation is not

acceptable to the Editors of Veterinary Parasitology.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. More

information.


http://service.elsevier.com/app/home/supporthub/publishing/
http://www.elsevier.com/publishingethics
http://www.elsevier.com/journal-authors/ethics
http://www.cioms.ch/publications/guidelines/1985_texts_of_guidelines.htm
http://www.cioms.ch/publications/guidelines/1985_texts_of_guidelines.htm
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
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Please include this under a heading "Conflict of interest statement" at the end of the text.

Submission of an article implies that the work described has not been published previously (except in the
form of an abstract or as part of a published lecture or academic thesis or as an electronic preprint, see
'Multiple, redundant or concurrent publication' section of our ethics policy for more information), that it
is not under consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if accepted, it
will not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. To verify originality, your article may

be checked by the originality detection service CrossCheck.

All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the article or

revising it critically for important intellectual content, (3) final approval of the version to be submitted.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any addition,
deletion or rearrangement of author names in the authorship list should be made only before the
manuscript has been accepted and only if approved by the journal Editor. To request such a change, the
Editor must receive the following from the corresponding author: (a) the reason for the change in author
list and (b) written confirmation (e-mail, letter) from all authors that they agree with the addition,
removal or rearrangement. In the case of addition or removal of authors, this includes confirmation from
the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication of the
manuscript will be suspended. If the manuscript has already been published in an online issue, any
requests approved by the Editor will result in a corrigendum.

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf with
no need to reformat. Please note that your article will be reviewed again by the new journal. More

information.
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Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of the
manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of this
agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission from
the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for use by
authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (more information). Permitted third party reuse of open access articles is determined

by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More

information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the
collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit

the article for publication. If the funding source(s) had no such involvement then this should be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors

requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.
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This journal offers authors a choice in publishing their research:

Open access
Articles are freely available to both subscribers and the wider public with permitted reuse.
An open access publication fee is payable by authors or on their behalf, e.g. by their research funder or

institution.

Subscription

Articles are made available to subscribers as well as developing countries and patient groups through our
universal access programs.

No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about

Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our green open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for publication
and which typically includes author-incorporated changes suggested during submission, peer review and
in editor-author communications. Embargo period: For subscription articles, an appropriate amount of
time is needed for journals to deliver value to subscribing customers before an article becomes freely
available to the public. This is the embargo period and it begins from the date the article is formally
published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.
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Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and explains
how editors will look at your paper when it is submitted for publication. Use these resources, and more,

to ensure that your submission will be the best that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English

Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the peer-
review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision and requests for revision,
is sent by e-mail.

A cover letter is required for each new submission. It should address the novelty and significance of the
work and how it fits within the defined scope of Veterinary Parasitology. Essential information, issues of
concern or potential problems, (such as other publications or submissions containing similar
information) should be identified in the cover letter. Authors who submit papers based on local data/
surveys will need to indicate why their paper is relevant to a broader readership.

Authors are invited to suggest the names of up to 5 referees (with email addresses) whom they feel are
qualified to evaluate their submission. Submission of such names does not, however, imply that they will
definitely be used as referees.

Authors should send queries concerning the submission process or journal procedures to
AuthorSupport@elsevier.com. Authors can check the status of their manuscript within the review
procedure using Elsevier Editorial System.

Authors submitting hard copy papers will be asked to resubmit using Elsevier Editorial System.


http://www.publishingcampus.com/
http://webshop.elsevier.com/languageediting/
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Submission of an article is understood to imply that the article is original and is not being considered for
publication elsewhere. Submission also implies that all authors have approved the paper for release and
are in agreement with its content. Upon acceptance of the article by the journal, the author(s) will be
asked to transfer the copyright of the article to the Publisher. This transfer will ensure the widest

possible dissemination of information.



99

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider
transferring the article to one of those. If you agree, your article will be transferred automatically on
your behalf with no need to reformat. More information about this can be found here:

http://www.elsevier.com/authors/article-transfer-service.

Submit your article

Please submit your article via http://ees.elsevier.com/vetpar.

PREPARATION

It is important that the file be saved in the native format of the word processor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your
figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’

functions of your word processor.

Manuscripts should have numbered lines with wide margins and double spacing throughout, i.e. also
for abstracts, footnotes and references. Every page of the manuscript should be numbered.

However, in the text no reference should made to page numbers; if necessary, one may refer to
sections. Avoid excessive usage of italics to emphasize part of the text.

Manuscripts in general should be organized in the following order: Title (should be clear, descriptive
and not too long)

Name(s) of author(s)

Complete postal address(es) of affiliations
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Full telephone, Fax No. and e-mail address of the corresponding author Present address(es) of
author(s) if applicable

Complete correspondence address including e-mail address to which the proofs should be sent
Abstract

Keywords (indexing terms), normally 3-6 items. Please refer to last index (Vol. 100/3-4).
Introduction

Material studied, area descriptions, methods, techniques Results

Discussion

Conclusion

Acknowledgments and any additional information concerning research grants, etc. References
Tables

Figure captions

Tables (separate file(s)) Figures (separate file(s)).

Titles and subtitles should not be run within the text. They should be typed on a separate line,

without indentation. Use lower-case letter type.

ST units should be used.

Elsevier reserves the privilege of returning to the author for revision accepted manuscripts and
illustrations which are not in the proper form given in this guide.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be

given a brief heading. Each heading should appear on its own separate line.

Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each
author and check that all names are accurately spelled. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations with a lower-case

superscript letter immediately after the author's name and in front of the appropriate address. Provide
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the full postal address of each affiliation, including the country name and, if available, the e-mail

address of each author.

Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

Present/permanent address. If an author has moved since the work described in the article was done,
or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote
to that author's name. The address at which the author actually did the work must be retained as the

main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should

be avoided, but if essential they must be defined at their first mention in the abstract itself.

The abstract should be clear, descriptive and not more than 400 words.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: Please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best

presentation of their images and in accordance with all technical requirements: [llustration Service.

Highlights
Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the

online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points


http://www.elsevier.com/graphicalabstracts
http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
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(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on

our information site.

Give the meaning of all symbols immediately after the equation in which they are first used.

For simple fractions use the solidus (/) instead of a horizontal line.

Equations should be numbered serially at the right-hand side in parentheses. In general only
equations explicitly referred to in the text need be numbered.

The use of fractional powers instead of root signs is recommended. Powers of e are often more
conveniently denoted by exp.

In chemical formulae, valence of ions should be given as, e.g. Ca2+, not as Ca++.

Isotope numbers should precede the symbols e.g. 180.

The repeated use of chemical formulae in the text is to be avoided where reasonably possible;
instead, the name of the compound should be given in full. Exceptions may be made in the case of a
very long name occurring very frequently or in the case of a compound being described as the end

product of a gravimetric determination (e.g. phosphate as P205).

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first

mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance

or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:


http://www.elsevier.com/highlights
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Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States
Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or

not-for-profit sectors.

Authors and editors are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature.

All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific names
when the English term is first used, with the exception of common domestic animals.

All biocides and other organic compounds must be identified by their Geneva names when first used
in the text. Active ingredients of all formulations should be likewise identified.

For chemical nomenclature, the conventions of the International Union of Pure and Applied
Chemistry and the official recommendations of the IUPAC-IUB Combined Commission on
Biochemical Nomenclature should be followed.

For the denomination of parasitic diseases or infections, authors are advised to consult the
Standardized Nomenclature of Animal Parasitic Diseases (SNOAPAD) published in 1988 in
Veterinary Parasitology (Kassai, T. et al., 1988. Vet. Parasitol. 29, 299-326).

New nucleotide or amino acid sequence data must be deposited in publicly accessible databases,
such as GenBank™, EMBL or DDJB, and an accession number obtained and submitted to the
Publisher (at the latest) together with the final, revised manuscript. The accession number should
appear in a separate paragraph in the Materials and Methods section (example: Nucleotide sequence
data reported in this paper are available in the GenBank™, EMBL and DDBJ databases under the
accession numbers: XXXX, XXXX). In order for automatic links to be made between papers and
databases, authors should type the accession number in bold, underlined text. Letters in the accession
number should always be capitalised. When published they will appear in normal type. Elsevier

encourages authors to connect articles with external databases, giving their readers one-click access
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to relevant databases that help to build a better understanding of the described research. Please refer
to http://www.elsevier.com/databaselinking for more information and a full list of supported

databases.

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many word processors build footnotes into the text, and this feature
may be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference

list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Electronic artwork

General points

Make sure you use uniform lettering and sizing of your original artwork.
Embed the used fonts if the application provides that option.

Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

Number the illustrations according to their sequence in the text.

Use a logical naming convention for your artwork files.

Provide captions to illustrations separately.

Size the illustrations close to the desired dimensions of the published version.
Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel)
then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution

requirements for line drawings, halftones, and line/halftone combinations given below):


http://www.elsevier.com/databaselinking
http://www.elsevier.com/artworkinstructions
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EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000
dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

Supply files that are too low in resolution;

Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or online only. Further information on the preparation of electronic

artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration.
Keep text in the illustrations themselves to a minimum but explain all symbols and abbreviations

used.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing’ is also available, where our illustrators take your image(s) and improve

them to a professional standard. Please visit the website to find out more.


http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
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http://webshop.elsevier.com/illustrationservices
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Authors should take notice of the limitations set by the size and lay-out of the journal. Large tables
should be avoided. Reversing columns and rows will often reduce the dimensions of a table.

If many data are to be presented, an attempt should be made to divide them over two or more tables.
Tables should be numbered according to their sequence in the text. The text should include
references to all tables.

Each table should occupy a separate page of the manuscript. Tables should never be included in the
text.

Each table should have a brief and self-explanatory title.

Column headings should be brief, but sufficiently explanatory. Standard abbreviations of units of
measurement should be added between parentheses.

Vertical lines should not be used to separate columns. Leave some extra space between the columns
instead.

Any explanation essential to the understanding of the table should be given as a footnote at the

bottom of the table.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style of
the journal and should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'In press' implies that the item has been

accepted for publication.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly

identify it as a data reference. The [dataset] identifier will not appear in your published article.
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Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/veterinary-parasitology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.


http://citationstyles.org/
http://citationstyles.org/
http://www.mendeley.com/features/reference-manager
http://www.zotero.org/
http://endnote.com/downloads/styles
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Reference Style

All publications cited in the text should be presented in a list of references following the
text of the manuscript. The manuscript should be carefully checked to ensure that the
spelling of author's names and dates are exactly the same in the text as in the reference
list.

In the text refer to the author's name (without initial) and year of publication, followed —
if necessary — by a short reference to appropriate pages. Examples: "Since Peterson
(1988) has shown that..." "This is in agreement with results obtained later (Kramer,
1989, pp. 12-16)".

If reference is made in the text to a publication written by more than two authors the
name of the first author should be used followed by "et al.". This indication, however,
should never be used in the list of references. In this list names of first author and co-
authors should be mentioned.

References cited together in the text should be arranged chronologically. The list of
references should be arranged alphabetically on author's names, and chronologically per
author. If an author's name in the list is also mentioned with co-authors the following
order should be used: publications of the single author, arranged according to
publication dates — publications of the same author with one co-author — publications of
the author with more than one co-author. Publications by the same author(s) in the same

year should be listed as 1974a, 1974b, etc.

Use the following system for arranging your references:

a. For periodicals

Lanusse, C.E., Prichard, R.K., 1993. Relationship between pharmacological properties
and clinical efficacy of ruminant anthelmintics. Vet. Parasitol. 49, 123—158.

b. For edited symposia, special issues, etc., published in a periodical

Weatherley, A.J., Hong, C., Harris, T.J., Smith, D.G., Hammet, N.C., 1993. Persistent
efficacy of doramectin against experimental nematode infections in calves. In:
Vercruysse, J. (Ed.), Doramectin

—anovel avermectin. Vet. Parasitol. 49, 45-50. c. For books
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Blaha, T. (Ed.), 1989. Applied Veterinary Epidemiology. Elsevier, Amsterdam, 344 pp.

d. For multi-author books

Wilson, M.B., Nakane, P.K., 1978. Recent developments in the periodate method of
conjugating horseradish peroxidase (HRPO) to antibodies. In: Knapp, W., Holubar, K.,
Wick, G. (Eds.), Immunofluorescence and Related Staining Techniques. North Holland,
Amsterdam, pp. 215-224.

Abbreviate the titles of periodicals mentioned in the list of references in accordance
with BIOSIS Serial Sources, published annually by BIOSIS. The correct abbreviation

for this journal is Vet. Parasitol.

In the case of publications in any language other than English, the original title is to be
retained. However, the titles of publications in non-Latin alphabets should be
transliterated, and a notation such as "(in Russian)" or "(in Greek, with English

abstract)" should be added.

Work accepted for publication but not yet published should be referred to as "in press".

References concerning unpublished data and "personal communications" should not be

cited in the reference list but may be mentioned in the text.

Web references may be given. As a minimum, the full URL is necessary. Any further
information, such as Author names, dates, reference to a source publication and so on,

should also be given.

Articles available online but without volume and page numbers may be referred to by

means of their Digital Object identifier (DOI) code.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.


http://www.issn.org/services/online-services/access-to-the-ltwa/
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Supplementary material can support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting
applications, high-resolution images, background datasets, sound clips and more. Please
note that such items are published online exactly as they are submitted; there is no
typesetting involved (supplementary data supplied as an Excel file or as a PowerPoint
slide will appear as such online). Please submit the material together with the article and
supply a concise and descriptive caption for each file. If you wish to make any changes
to supplementary data during any stage of the process, then please make sure to provide
an updated file, and do not annotate any corrections on a previous version. Please also
make sure to switch off the "Track Changes' option in any Microsoft Office files as these
will appear in the published supplementary file(s). For more detailed instructions please

visit our artwork instruction pages.

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown next
to the online article on ScienceDirect. This gives authors the opportunity to summarize
their research in their own words and to help readers understand what the paper is about.
More information and examples are available. Authors of this journal will automatically
receive an invitation e-mail to create an AudioSlides presentation after acceptance of

their paper.

The journal encourages authors to supplement in-article microscopic images with
corresponding high resolution versions for use with the Virtual Microscope viewer. The
Virtual Microscope is a web based viewer that enables users to view microscopic
images at the highest level of detail and provides features such as zoom and pan. This
feature for the first time gives authors the opportunity to share true high resolution
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