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Resumo 

PAIVA, G.R. Abordagem Molecular na Identificação de espécies candidatas de 

Hepatozoon sp. (Apicomplexa: Hepatozoidae). Trabalho de Conclusão de Curso, 

Universidade Federal do Pará, Altamira, 2018, 11 p. 

 
 
Hepatozoon spp. são protozoários intracelulares mais frequentes em serpentes. O objetivo deste 

estudo foi a utilização da abordagem molecular pelo método Automatic Barcode Gap 

Discovery, para identificar espécies candidatas do gênero Hepatozoon, parasitando as 

serpentes: Clelia clelia e Drymarchon corais. Das serpentes foram extraidas amostras 

sanguineas e delas o DNA, do qual  foi amplificado um fragmento do gene nuclear 18S por 

meio da Reação de Cadeira em Polimerase. A análise filogenética, indicou que o Hepatozoon 

sp. de das duas espécies de serpentes formam grupos distintos das outras espécies do gênero. 

O alto valor da probabilidade posterior (99%), indica que Hepatozoon sp. de C. clelia e D. 

corais representam linhagens irmãs, embora mais dados sejam necessários para inferir as 

relações filogenéticas entre elas. O resultado do ABGD identificou a existência de 33 grupos 

(prior maximal distance P= 0.001) para a partição inicial, classificando Hepatozoon sp. de C. 

clelia e de D. corais como sendo dois taxa distintos, podendo ser consideradas como espécies 

canditadas não confirmadas. Poucos estudos tratam do relacionamento entre as espécies de 

Hepatozoon, sendo assim os dados morfológicos tradicionalmente usados na taxonomia desses 

grupos possibilita significativamente a comparação com outras espécies de Hepatozoon, 

contribuindo para a descrição da diversidade de espécies do gênero. 
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Abstract 
 

PAIVA, G.R. Molecular Approach in Identification of candidate species of Hepatozoon sp. 

(Apicomplexa: Hepatozoidae).Trabalho de Conclusão de Curso, Universidade Federal do Pará, 

Altamira, 2018, 11 p. 

 

Hepatozoon spp. are more frequent intracellular protozoa in snakes. The objective of this study 

was the use of the molecular approach by the Automatic Barcode Gap Discovery method, to 

identify candidate species of the genus Hepatozoon, parasitizing the snakes: Clelia clelia and 

Drymarchoncorais. From the snakes were extracted blood samples and from them the DNA, 

from which a fragment of the 18S nuclear gene was amplified by means of the Polymerase 

Chair Reaction. Phylogenetic analysis indicated that Hepatozoon sp. of C. clelia and D. corals 

form distinct groups of the other species of the genus. The high posterior probability value 

(99%) indicates that Hepatozoon sp. of C. clelia and D. corals represent sister lines, although 

more data are needed to infer the phylogenetic relationships between them. The ABGD result 

identified the existence of 33 groups (prior maximal distance P = 0.001) for the initial partition, 

classifying Hepatozoon sp. C. clelia and D. corais as two distinct taxa, and may be considered 

as unconfirmed candidate species. Few studies deal with the relationship between Hepatozoon 

species, thus the morphological data traditionally used in the taxonomy of these groups makes 

it possible to compare them with other species of Hepatozoon, contributing to the description 

of the species diversity of the genus. 
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1. INTRODUÇÃO 

O filo Apicomplexa Levine 1970, apresenta a maior diversidade de espécies de 

protozoários, com cerca de 6.000 espécies (Levine, 1988), sendo que 99% dessas espécies ainda 

são poucos conhecidas (Morrison 2009). Os organismos do grupo representam um dos 

principais parasitos registrados em animais domésticos e silvestres (Levine, 1988). Seus 

representantes apresentam um conjunto de estruturas conhecidas como “complexo apical”, 

facilitando a entrada desses parasitas nas celulas de seus hospedeirod, constituído por anéis 

polares, conóide, roptrias e microtúbulos subpeliculares,  (Levine et al. 1980). 

O gênero Hepatozoon Miller 1908, é composto por parasitas intracelulares com ciclo 

heteroxênico, pertencentes ao filo Apicomplexa; subordem Adeleina Léger 1911, família 

Hepatozoidae Wenyon 1926, (Levine et al. 1980). São hospedeiros de vertebrados e 

invertebrados (hematófagos), tendo como vetores mosquitos, moscas da areia, carrapatos e 

alguns ácaros (Desser, 1995). Em serpentes, infecções com Hepatozoon spp. são geralmente 

adquiridas por meio de transferência horizontal por ingestão de invertebrados infectados ou 

presas intermediárias (Smith 1996; Tome 2012). Até 1996, foram descritas121 espécies de 

Hepatozoon parasitando serpentes, enquanto que 46 espécies como parasitas de mamíferos e 

42 de anfíbios (Smith 1996). A identificação das espécies de Hepatozoon são comumente 

baseadas apenas em características morfológicas, morfométricas dos gamontes e oocistos no 

sangue de seus hospedeiros (Moço 2008). 

A existência de discordâncias entre a taxonomia clássica de morfologia e as 

filogenias moleculares dentro de parasitas (Smith, 1996) levantam questionamentos sobre a 

real diversidade de espécies de protozoários neotropicais. O marcador 18S rRNA vem sendo 

utilizado na literatura para a descrição de novas espécies de Hepatozoon, representando uma 

ferramenta a ser integrada a taxonomia clássica (Sloboda et al. 2007). O método Automatic 

Barcode Gap Discovery (ABGD) aparece como uma abordagem para a delimitação de 

espécie candidatas, utilizando a largura do Barcode Gap entre as sequências (Puillandre et al. 

2012). Esse método é muito utilizado em trabalhos com anuros (Ferrão et al. 2016, Correa et 

al. 2017, da Silva et al. 2017), sendo que a aplicação em estudos com parasitos é escasso 

(Locke et al. 2015a, b, Pérez-Ponce De León et al. 2016). 

Assim, o objetivo deste trabalho foi delimitar espécies candidatas de Hepatozoon spp. 

em Clelia clelia (Daudin 1803) e Drymarchon corais Boie 1827, utilizando o marcador 

nuclear 18S rDNA e a abordagem molecular pelo método ABGD. 



8 
 

 

 

2. METODOLOGIA 

2.1 ÁREA DE ESTUDO 

 
Um exemplar de Clelia clelia foi coletado no Projeto de Desenvolvimento Sustentável 

(PDS) Virola Jatobá (-3.17407 S; -51.298 W) no município de Anapu, Pará – Brasil. O PDS 

posui uma área territorial de 38.423,97 ha, no qual as famílias assentadas  nesta região 

sobrevivem do uso alternativo da agricultura (Silva et al,. 2015), apresentando uma formação 

de floresta ombrófila densa com árvores de médio e grande porte (Correa et al. 2018). 

Já, o exemplar de Drymarchon corais foi coletado na zona periurbana do município de 

Altamira, Pará – Brasil, em Maio de 2016. 

 

 
2.2 EXTRAÇÃO E AMPLIFICAÇÃO DO DNA 

O sangue dos hospedeiros foi coletado com auxilio de seringa (10 ml). Para 

visualização foi realizado esfregaço sanguíneo e em seguida os hospedeiros foram 

sacrificadas com anestésico injetável de uso veterinário, fixadas em formalina 10%, 

armazenados em álcool 70% e depositadas na coleção do laboratório de Zoologia Adriano 

Giorgi da Faculdade de Ciências Biológicas, Campus de Altamira-PA. 

A extração do DNA foi realizada através do protocolo fenol Clorofórmio (Sambrook 

et al., 1989) e ressuspendido com 30 µl de água ultrapura. A qualidade do DNA foi verificada 

em gel de agarose a 1% em cuba de eletroforese. Reação em Cadeia de Polimerase (PCR) foi 

realizada para amplificar um fragmento de 500 pb do gene nuclear 18S com os primers HEP 

f300/ HEP f 900 (Ujvari et al. 2004). 

A reação para amplificação do fragmento do gene nuclear 18S seguiu os seguintes 

volumes: (15 μL volume total): 

6.7 μL de H2O 1.5 μL de MgCl2 (25 mM) 

1.25 μL de dNTPs (10 mM) 1.25 μL de Tampão10x (75 mM Tris HCl, 

50 mM KCl, 20 mM (NH4)2SO4) 

1.5μL do primer HEP f 300 1.5 μL do primer HEPf 900 

1 μL de DNA (30–50 ng/μL) 0.3 μL de Taq (1U) 

A reação para amplificação do fragmento do gene nuclear 18S seguiu as seguintes 

condições:  
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 As reações de sequenciamento foram realizadas utilizando-se o kit BigDye 

Terminator (Life Technology) seguindo o protocolo do fabricante. O primer forward 18S, 

foi utilizado na reação de 

Temperatura inicial de 92°C (60 sec.);  Seguidos por 35 ciclos de 92°C (60 sec.), 

50°C (50 sec.) e 72°C (1.5 min.); 

Extensão final à 72 °C por 7 min. 
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sequenciamento. Os produtos das reações de sequenciamento foram precipitados com etanol 

de acordo com as recomendações do fabricante (Applied Biosystems), ressuspendidos em 10 

μL de formamida deionizada e posteriormente injetados no sequenciador automático ABI 

3500xl (Applied Biosystems). 

2.3 ALINHAMENTO DAS SEQUÊNCIAS E ANÁLISES FILOGENÉTICAS 

As sequências foram alinhadas no software BioEdit (Hall, 1999) utilizando o algoritmo 

Clustal W (Thompson et al. 1994) e editadas manualmente.  

A árvore filogenética Bayesiana foi inferida através do software MrBayes v.3.2.6 

(Altekar et al. 2004), com os valores padrões para duas corridas e quatro cadeias, correndo 106 

gerações, com uma árvore amostrada a cada 1000 gerações. O valor do “burn in” foi 

selecionado por visualização do log likelihoods associado com a distribuição posterior da 

árvore no software Tracer v 1.5 (Drummond et al. 2012). Acessamos a convergência 

examinando a média do desvio padrão da frequência split entre as corridas (< 0.01). Toda 

árvore gerada antes do nivelamento da curva do log likelihood foram descartadas, 

correspondendo a 20% das amostras. O número de amostras independentes foram 

consideradas suficientes, quando a estacionaridade foi alcançada e o Effective Sample Sizes 

(ESS) foram maiores que 200. Foi utilizado como grupo externo Babesiosoma stableri 

Schmittner & McGhee 1961 e Dactylosoma ranarum Labbe 1894. As distâncias genéticas p 

par a par não corrigida entre as espécies foram obtidas pelo programa Mega 6.0 (Tamura et al. 

2011). 

Para a delimitação de espécies, utilizamos o método Automatic Barcode Gap Discovery 

(ABGD) que detecta automaticamente as diferenças significativas entre a divergência intra e 

interespecífica (Barcoding gap) e define o limite dessas distâncias com base no padrão par-a- 

par da distância genética (Puillandre et al. 2012) e outros dados considerados como evidência 

de apoio. As análises no ABDG foram realizadas no site 

(http://wwwabi.snv.jussieu.fr/public/abgd/) utilizando o modelo de distâncias simples (Kimura 

2.0). O limiar para a diversidade intraespecífica foi definido num mínimo de 0.001 e máximo 

de 0.1. O valor padrão do barcoding gap foi de X = 1.0. 

 
 

3. RESULTADOS 

Foi amplificado dois fragmentos de 500 pb do gene nuclear 18S de Hepatozoon sp. 

parasitando as serpentes Clelia clelia e Drymachon corais. A análise bayesiana revelou que os 

http://wwwabi.snv.jussieu.fr/public/abgd/)
http://wwwabi.snv.jussieu.fr/public/abgd/)
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Hepatozoon deste estudo formam grupos distintos das outras espécies do gênero (Figura 2), 

sendo mais próximas de HQ734807 Hepatozoon sp. e H. seychellensis Harris, Damas-Moreira, 

Maia e Perera, 2014. O alto valor da probabilidade posterior (99%), indica que Hepatozoon sp. 

de C. clelia e D. corais representam linhagens irmãs. A distância genética entre as duas 

linhagens de Hepatozoon deste estudo foi de 1,5%, enquanto que o valor para as outras espécies 

de Hepatozoon variou de 2,1 – 6.6% (Apêndice 1). 

O resultado do ABGD identificou a existência de 33 grupos (prior maximal distance P= 

0.001) para a Initial Partition, classificando Hepatozoon sp. de C. clelia e Hepatozoon sp. de D. 

corais como sendo dois taxa distintos, podendo ser consideradas como espécies canditadas não 

confirmadas. A análise ainda identificou diversas sequências do Genbank classificadas como 

Hepatozoon sp., como espécies candidatas não confirmadas (Apêndice 2). 

4. DISCUSSÃO 
 

Até 1996, 121 espécies de Hepatozoon eram conhecidas parasitando serpentes em 

todo o mundo (Smith 1996), desde então 18 novas espécies foram descritas (Telford et al. 

2004, 2005, Sloboda et al. 2007, O’Dwyer et al. 2013, Borges-Nojosa et al. 2017, 

Netherlands et al. 2018). A utilização de dados moleculares na taxonomia de Hepatozoon 

vem contribuindo com a descrição de novas espécies (O’Dwyer et al. 2013, Borges-Nojosa 

et al. 2017, Netherlands et al. 2018). Nossos resultados corroboram com essa crescente 

abordagem no estudo da diversidade de espécies de Hepatozoon, chamando a atenção para a 

taxonomia mais integrativa (dados morfológicos, morfométricos e moleculares) para a 

correta identificação das espécies de parasitos. 

O método de delimitação de espécies ABGD em estudos com parasitos, tem encontrado 

resultados discordantes. Por ser uma abordagem nova em grupos taxonômicos com histórico 

de descrições baseadas na taxonomia tradicional (Smith 1996) é normal a divergência dos 

resultados. De acordo com (Pérez-Ponce De León et al. 2016), a delimitação de limites de 

espécies não pode ser baseada unicamente por esse método, pois pode ocorrer superestimação 

de espécies em trematóides, sugerindo a análise concatenada para a contrução de uma species 

tree. Resultado similar foi encontrado em Leucocytozoon (parasita da malária nas aves), onde 

o método de “barcode gap” não foi hábil para delimitar espécies, sugerindo o uso de 

abordagens multi-locus para acessar linhagens evolutivas independentes (Galen et al. 2018). 

Enquanto que na delimitação de espécies de carrapatos, um dos principais vetores do
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Hepatozoon, essa abordagem teve sucesso na delimitação de espécies candidatas. 

Hepatozoon spp. de Clelia clelia e Drymachon corais formam grupos distintos das outras 

espécies do gênero, sugerindo que são espécies distintas podendo ser utilizada como uma 

abordagem exploratória quando possuindo apenas dados moleculares. Sugere se a realização de 

outros estudos com as espécies candidatas encontradas neste, para descrever estas especies, 

associados a outros marcadores moleculares, por exemplo, o DNA mitocondrial Citocromo 

Oxidase Subunidade I – COI, considerado o DNA barcoding para as espécies do mundo (Hebert 

et al. 2003). E a Dados morfológicos tradicionalmente usados na taxonomia desses grupos, pois 

possibilita a comparação com outras espécies de Hepatozoon.
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1. APÊNDICE I 

Distâncias genéticas 
 

 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

1                                         

2 1.5%                                        

3 2.1% 2.3%                                       

4 2.3% 2.6% 1.3%                                      

5 2.6% 3.2% 1.3% 2.1%                                     

6 2.6% 2.8% 1.5% 0.2% 2.3%                                    

7 2.6% 2.8% 0.4% 1.3% 0.9% 1.5%                                   

8 2.6% 2.8% 0.4% 1.3% 0.9% 1.5% 0.4%                                  

9 2.6% 2.8% 1.5% 0.2% 2.3% 0.4% 1.5% 1.5%                                 

10 2.6% 2.8% 2.6% 2.8% 3.4% 3.0% 2.6% 2.6% 3.0%                                

11 2.6% 2.6% 2.3% 2.3% 3.2% 2.6% 2.3% 2.3% 2.6% 2.8%                               

12 2.6% 2.8% 1.7% 1.1% 2.6% 1.3% 1.7% 1.7% 1.3% 2.6% 2.6%                              

13 2.6% 2.8% 0.4% 1.3% 0.9% 1.5% 0.0% 0.4% 1.5% 2.6% 2.3% 1.7%                             

14 2.6% 2.8% 0.4% 1.3% 0.9% 1.5% 0.0% 0.4% 1.5% 2.6% 2.3% 1.7% 0.0%                            

15 2.8% 3.0% 1.9% 1.3% 2.8% 1.5% 1.9% 1.9% 1.5% 2.8% 2.8% 0.2% 1.9% 1.9%                           

16 2.8% 3.0% 1.9% 2.3% 2.8% 2.6% 1.9% 1.9% 2.6% 2.3% 2.6% 2.6% 1.9% 1.9% 2.8%                          

17 2.8% 3.0% 1.9% 2.3% 2.8% 2.6% 1.9% 1.9% 2.6% 2.3% 2.6% 2.6% 1.9% 1.9% 2.8% 1.3%                         

18 2.8% 3.0% 1.9% 2.3% 2.8% 2.6% 1.9% 1.9% 2.6% 2.3% 2.6% 2.8% 1.9% 1.9% 3.0% 0.9% 1.3%                        

19 3.0% 2.8% 0.9% 1.7% 1.3% 1.9% 0.4% 0.9% 1.9% 3.0% 2.6% 2.1% 0.4% 0.4% 2.3% 2.3% 2.3% 2.3%                       

20 3.0% 3.2% 2.1% 2.6% 2.6% 2.8% 2.1% 1.7% 2.8% 3.0% 3.2% 3.0% 2.1% 2.1% 3.2% 2.3% 2.3% 2.3% 2.6%                      

21 3.2% 3.4% 2.3% 2.8% 3.2% 3.0% 2.3% 2.3% 3.0% 2.8% 2.6% 3.0% 2.3% 2.3% 3.2% 1.7% 0.4% 1.7% 2.8% 2.8%                     

22 3.2% 3.0% 2.3% 2.8% 3.2% 3.0% 2.3% 2.3% 3.0% 2.8% 3.0% 3.2% 2.3% 2.3% 3.4% 1.7% 1.7% 1.7% 2.3% 2.8% 2.1%                    

23 3.2% 3.4% 1.5% 1.9% 1.9% 1.7% 1.1% 1.5% 2.1% 3.4% 3.2% 2.3% 1.1% 1.1% 2.6% 3.0% 3.0% 3.0% 1.5% 3.2% 3.4% 3.4%                   

24 3.2% 3.0% 1.1% 1.9% 1.5% 2.1% 0.6% 1.1% 2.1% 3.2% 2.8% 2.3% 0.6% 0.6% 2.6% 2.3% 2.6% 2.3% 0.2% 2.8% 3.0% 2.6% 1.7%                  

25 3.4% 3.6% 1.7% 2.6% 2.1% 2.8% 1.3% 1.7% 2.8% 3.4% 3.6% 3.0% 1.3% 1.3% 3.2% 3.2% 3.2% 3.2% 1.7% 2.6% 3.6% 3.6% 2.3% 1.9%                 

26 3.4% 3.6% 1.7% 2.3% 2.1% 2.6% 1.3% 1.7% 2.6% 3.4% 3.6% 3.0% 1.3% 1.3% 3.2% 3.2% 3.2% 3.2% 1.7% 2.6% 3.6% 3.4% 2.3% 1.9% 0.9%                

27 3.6% 3.4% 2.8% 3.2% 3.6% 3.4% 2.8% 2.8% 3.4% 3.2% 3.4% 3.6% 2.8% 2.8% 3.8% 2.1% 2.1% 1.7% 2.8% 3.2% 2.6% 0.4% 3.8% 3.0% 4.1% 3.8%               

28 3.8% 3.6% 3.0% 3.4% 3.8% 3.6% 3.0% 3.0% 3.6% 3.4% 3.6% 3.8% 3.0% 3.0% 4.1% 2.3% 2.3% 1.9% 3.0% 3.0% 2.8% 0.6% 4.1% 3.2% 4.3% 4.1% 0.2%              

29 4.1% 4.3% 3.2% 3.6% 4.1% 3.8% 3.2% 3.2% 3.8% 3.6% 3.8% 4.1% 3.2% 3.2% 4.3% 2.6% 2.6% 2.1% 3.6% 3.4% 3.0% 1.3% 4.3% 3.8% 4.5% 4.3% 0.9% 1.1%             

30 4.3% 4.1% 3.4% 3.8% 3.6% 3.8% 3.4% 3.2% 4.1% 3.8% 4.1% 4.3% 3.4% 3.4% 4.5% 3.0% 3.0% 3.0% 3.4% 3.8% 3.4% 2.1% 4.3% 3.6% 4.5% 4.5% 2.6% 2.8% 3.0%            

31 4.3% 4.1% 3.4% 3.8% 3.6% 3.8% 3.4% 3.2% 4.1% 3.8% 4.1% 4.3% 3.4% 3.4% 4.5% 3.0% 3.0% 3.0% 3.4% 3.8% 3.4% 2.1% 4.3% 3.6% 4.5% 4.5% 2.6% 2.8% 3.0% 0.0%           

32 4.3% 4.1% 3.4% 3.8% 4.3% 4.1% 3.4% 3.4% 4.1% 3.4% 4.1% 3.8% 3.4% 3.4% 4.1% 2.8% 2.8% 2.3% 3.4% 3.4% 3.2% 1.1% 4.5% 3.6% 4.7% 4.5% 0.6% 0.4% 1.5% 3.2% 3.2%          

33 4.5% 4.3% 3.6% 4.1% 4.5% 4.3% 3.6% 3.6% 4.3% 4.1% 4.3% 4.3% 3.6% 3.6% 4.5% 3.0% 2.6% 2.6% 3.6% 3.8% 3.0% 1.3% 4.7% 3.8% 4.9% 4.7% 0.9% 1.1% 0.9% 3.0% 3.0% 1.5%         

34 4.5% 4.3% 4.5% 4.7% 4.5% 4.9% 4.1% 4.5% 4.9% 4.3% 5.1% 4.5% 4.1% 4.1% 4.3% 4.5% 4.1% 4.5% 4.1% 4.5% 4.5% 4.5% 4.9% 4.3% 4.9% 4.9% 4.9% 5.1% 5.3% 5.3% 5.3% 5.1% 4.9%        

35 4.5% 4.3% 4.5% 4.7% 4.5% 4.9% 4.1% 4.5% 4.9% 4.3% 5.1% 4.5% 4.1% 4.1% 4.3% 4.5% 4.1% 4.5% 4.1% 4.5% 4.5% 4.5% 4.9% 4.3% 4.9% 4.9% 4.9% 5.1% 5.3% 5.3% 5.3% 5.1% 4.9% 0.0%       

36 4.5% 3.8% 3.8% 4.3% 4.5% 4.3% 3.8% 3.6% 4.5% 4.1% 4.5% 4.5% 3.8% 3.8% 4.7% 3.2% 2.8% 3.2% 3.8% 3.8% 3.2% 2.8% 4.7% 4.1% 4.9% 4.9% 3.2% 3.4% 3.2% 2.3% 2.3% 3.8% 3.2% 4.9% 4.9%      

37 5.3% 5.5% 4.5% 4.5% 5.3% 4.7% 4.5% 4.5% 4.5% 4.7% 5.1% 4.9% 4.5% 4.5% 5.1% 3.6% 3.8% 3.8% 4.9% 4.9% 4.3% 4.3% 5.5% 5.1% 4.9% 5.8% 4.7% 4.9% 5.1% 5.5% 5.5% 5.3% 5.5% 7.0% 7.0% 5.8%     

38 6.4% 6.2% 5.5% 6.0% 6.2% 6.0% 5.5% 5.3% 6.2% 5.8% 6.2% 6.4% 5.5% 5.5% 6.6% 4.7% 4.9% 4.7% 5.5% 5.8% 5.3% 4.5% 6.0% 5.3% 6.8% 6.8% 4.9% 5.1% 5.3% 4.5% 4.5% 5.5% 5.3% 7.2% 7.2% 4.7% 7.0%    
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39 6.6% 6.4% 5.8% 6.2% 6.4% 6.2% 5.8% 5.5% 6.4% 6.0% 6.4% 6.6% 5.8% 5.8% 6.8% 4.9% 5.1% 4.9% 5.8% 5.5% 5.5% 4.7% 6.2% 5.5% 7.0% 7.0% 5.1% 5.3% 5.3% 4.7% 4.7% 5.8% 5.3% 7.5% 7.5% 4.7% 7.2% 0.6%   

40 6.6% 6.4% 5.3% 5.8% 6.0% 5.8% 5.3% 5.1% 6.0% 6.2% 6.4% 6.2% 5.3% 5.3% 6.4% 4.7% 5.1% 4.7% 5.3% 5.5% 5.5% 4.5% 6.2% 5.3% 6.2% 5.8% 4.9% 5.1% 5.3% 4.3% 4.3% 5.1% 5.3% 7.5% 7.5% 4.7% 7.7% 6.0% 6.2%  

41 7.2% 7.0% 6.4% 6.8% 7.2% 7.0% 6.4% 6.4% 7.0% 6.6% 7.0% 7.2% 6.4% 6.4% 7.5% 5.5% 5.8% 5.8% 6.8% 6.8% 6.2% 6.2% 7.5% 7.0% 7.5% 7.5% 6.6% 6.8% 6.6% 6.8% 6.8% 7.2% 7.5% 8.5% 8.5% 6.6% 5.5% 8.5% 8.3% 8.7% 

 

1 = Hepatozoon sp. (Clelia_clelia) - 1 

2 = Hepatozoon sp. (Drymarchon corais) - 2 

3 = KF939622Hepatozoon_sp - 3 

4 = HQ292771Hepatozoon_sp - 4 

5 = AB181504Hepatozoon_sp - 5 

6 = HQ734787Hepatozoon_sp - 6 

7 = HQ734790Hepatozoon_sp - 7 

8 = EF157822Hepatozoon_ayorgbor - 8 

9 = HQ734789Hepatozoon_sp - 9 

10 = HQ734807Hepatozoon_sp - 10 

11 = KF246565Hepatozoon_seychellensis - 11 

12 = HQ292774Hepatozoon_sp - 12 

13 = HQ734806Hepatozoon_sp - 13 

14 = HQ734809Hepatozoon_sp - 14 

15 = HQ292773Hepatozoon_sp - 15 

16 = KF992710Hemolivia_mauritanica - 16 

17 = FJ719813Hepatozoon_sp - 17 

18 = KP881349Hemolivia_stellata - 18 

19 = FJ719817Hepatozoon_sp - 19 

20 = KR069084Hepatozoon_fitzsimonsi - 20 

21 = FJ719814Hepatozoon_sp 21 

22 = HQ734794Hepatozoon_sp - 22 

23 = EF222259Hepatozoon_sp - 23 

24 = FJ719816Hepatozoon_sp - 24 

25 = AY600625Hepatozoon_sp - 25 

26 = AY600626Hepatozoon_sp - 26 

27 = HQ734805Hepatozoon_sp - 27 

28 = HQ734804Hepatozoon_sp - 28 

29 = KJ461940Karyolysus_sp - 29 

30 = AY628681Hepatozoon_felis - 30 

31 = AY620232Hepatozoon_felis - 31 

32 = HQ734791Hepatozoon_sp - 32 

33 = HQ734803Hepatozoon_sp - 33 

34 = AF130361Hepatozoon_catesbiane - 34 

35 = HQ224962Hepatozoon_cf - 35 

36 = EF222257Hepatozoon_sp - 36 

37 = HQ224959H_bali - 37 

38 = AY731061Hepatozoon_canis - 38 

39 = AY461375Hepatozoon_canis - 39 

40 = AY461377Hepatozoon_sp - 40 

41 = HQ224958Dactylosoma_ranarum - 41 
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2. APÊNDICE II 

RESULADO AUTOMATIC BARCODE GAP DISCOVERY 

 

Resultado do ABGD para as sequências do gene nuclear 18S deste estudo e Genbank. 

Initial Partition with prior maximal distance P=1.00e-03 Distance K80 Kimura MinSlope=1.000000 

 
Group [1] n: 1; id: Hepatozoon sp. (Clelia clelia) 

Group [2] n: 1; id: Hepatozoon sp. (Drymarchon corais) 

Group [3] n: 1; id: AB181504Hepatozoon_sp 

Group [4] n: 2; id: AF130361Hepatozoon_catesbiane HQ224962Hepatozoon_cf 

Group [5] n: 1; id: AY461375Hepatozoon_canis 

Group [6] n: 1; id: AY461377Hepatozoon_sp 

Group [7] n: 1; id: AY600625Hepatozoon_sp 

Group [8] n: 1; id: AY600626Hepatozoon_sp 

Group [9] n: 2; id: AY620232Hepatozoon_felis AY628681Hepatozoon felis 

Group [10] n: 1; id: AY731061Hepatozoon_canis 

Group [11] n: 1; id: EF157822Hepatozoon_ayorgbor 

Group [12] n: 1; id: EF222257Hepatozoon_sp 

Group [13] n: 1; id: EF222259Hepatozoon_sp 

Group [14] n: 1; id: FJ719813Hepatozoon_sp 

Group [15] n: 1; id: FJ719814Hepatozoon_sp 

Group [16] n: 1; id: FJ719816Hepatozoon_sp 

Group [17] n: 1; id: FJ719817Hepatozoon_sp 

Group [18] n: 1; id: HQ224959H_bali 

Group [19] n: 1; id: HQ292771Hepatozoon_sp 

Group [20] n: 1; id: HQ292773Hepatozoon_sp 

Group [21] n: 1; id: HQ292774Hepatozoon_sp 

Group [22] n: 1; id: HQ734787Hepatozoon_sp 

Group [23] n: 1; id: HQ734789Hepatozoon_sp 

Group [24] n: 3; id: HQ734790Hepatozoon_sp HQ734806Hepatozoon_sp 

HQ734809Hepatozoon_sp 

Group [25] n: 1; id: HQ734791Hepatozoon_sp 

Group [26] n: 1; id: HQ734794Hepatozoon_sp 

Group [27] n: 1; id: HQ734803Hepatozoon_sp 

Group [28] n: 1; id: HQ734804Hepatozoon_sp 

Group [29] n: 1; id: HQ734805Hepatozoon_sp 

Group [30] n: 1; id: HQ734807Hepatozoon_sp 

Group [31] n: 1; id: KF246565Hepatozoon_seychellensis 

Group [32] n: 1; id: KF939622Hepatozoon_sp 

Group [33] n: 1; id: KR069084Hepatozoon_fitzsimonsi 
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ANEXO I 

FIGURAS DO ARTIGO 

Figura 1. Localidades nas quais foram coletadas as serpentes de estudo, uma na margem direita e outra 
na margem esquerda do Rio Xingu. 
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Figura 2: Árvore Bayesiana dos Hepatozoon spp. Os valores nos ramos representam a Probabilidade 

Posterior do suporte dos ramos. 



19 
 

ANEXO II 

NORMAS DE PUBLICAÇÃO DA REVISTA 

Systematic Parasitology 

An International Journal EditorinChief: Aneta Kostadinova 

ISSN: 01655752 (print version) 

ISSN: 15735192 (electronic version) 

Journal no. 11230 

Systematic Parasitology publishes papers on the systematics, taxonomy and nomenclature of 

the following groups: Nematoda (including plant-parasitic), Monogenea, Digenea, Cestoda, 

Acanthocephala, Aspidogastrea, Cestodaria, Arthropoda (parasitic copepods, hymenopterans, 

mites, ticks, etc.), Protozoa (parasitic groups), and parasitic genera in other groups, such as 

Mollusca, Turbelleria, etc. Systematic Parasitology publishes fully illustrated research papers, 

brief communications, and fully illustrated major revisions. In order to maintain high standards, 

all contributors describing new taxa are asked to state clearly where the holotype is deposited 

and to make paratypes available for examination by the referees. It is recognized that, in some 

cases, this may cause problems for the authors, but it is hoped that by adhering to this rule 

authors may be protected against rapid synonymy of their taxa, and the types will be preserved 

for posterity. 

 
 

5- Year Impact Factor: 1.087 

Instructions for Authors 

AUTHORSHIP POLICY 

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 

GENERAL 

The following types of communication will be considered for publication: - papers of 

about 6,000 words (fully illustrated) - brief communications or research notes (about 2,000 

words), not normally illustrated - major revisions (about 24,000 words), fully illustrated. Any 

communication which contains descriptions of new taxa (genera or species) should be 

accompanied by specimens (preferably paratypes) for scrutiny by the referees and by a 

statement where the holotypes are deposited. Papers and major revisions should include, at 

LaTeX macro package (zip, 182 kB) the beginning, a summary (approximately 250 words for 

papers and 500 words for major revisions). 
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MANUSCRIPT SUBMISSION 

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 coauthors, 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. 

TITLE PAGE 

Title Page 

The title page should include: The name(s) of the author(s) A concise and informative title The 

affiliation(s) and address(es) of the author(s) The email 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. 

TEXT 

Text Formatting 
 

➢ Manuscripts should be submitted in Word 
 

➢ Use a normal, plain font (e.g., 10 point Times Roman) for text. 
 

➢ Use italics for emphasis. 
 

➢ Use the automatic page numbering function to number the pages 
 

➢ Do not use field functions. 
 

➢ Use tab stops or other commands for indents, not the space bar. 
 

➢ Use the table function, not spreadsheets, to make tables. 
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➢ Use the equation 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. 
 

Headings 
 

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, 25 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 lowercase 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. 

IMPORTANT NOTES ON STYLE 
 

The authorities and date of all parasite taxa should be given when the names (full 

binomen) are first cited in the abstract and the text. Subsequently, the generic 

component is abbreviated except at the beginning of a sentence. The authorities, but not 

the date, should be given for the hosts of described parasites. Publications cited only as 

authorities for taxa should not be included in the References. The International Code of 

Zoological Nomenclature will be strictly adhered to. Important: Museum accession 

numbers for all deposited type and voucher specimens are required at submission. The 

museum should be a recognised national or international museum which is protected by 
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law and not a university collection. 
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Resource document. American Psychiatric Association. 
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Journal names and book titles should be italicized. 
 

For authors using EndNote, Springer provides an output style that supports the 

formatting of intext citations and reference list. 

EndNote style (zip, 3 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. 

➢ 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 lowercase 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 what graphics program was used to create the artwork. 
 

➢ For vector graphics, the preferred format is EPS; for halftones, please use TIFF 
 

➢ format. MSOffice files are also acceptable. 

http://www.psych.org/edu/other_res/lib_archives/archives/200604.pdf
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➢ Vector graphics containing fonts must have the fonts embedded in the files. 
 

➢ Name your figure files with "Fig" and the figure number, e.g., Fig1.eps. 
 

Line Art 
 

➢ Definition: Black and white graphic with no shading. 
 

➢ Do not use faint lines and/or lettering and check that all lines and lettering within 

the figures are legible at final size. 

➢ All lines should be at least 0.1 mm (0.3 pt) wide. 
 

➢ Scanned line drawings and line drawings in bitmap format should have a 

minimum resolution of 1200 dpi. 

➢ Vector graphics containing fonts must have the fonts embedded in the files 



25 
 

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 
 

 

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

drawing, extensive lettering, color diagrams, etc. 

Combination artwork should have a minimum resolution of 600 dpi. 
 

Color Art 
 

Color art is free of charge for online publication. 
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If black and white will be shown in the print version, make sure that the main 

information will still be visible. 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 figures will be printed in black and white, do not refer to color in the 

captions. Color illustrations should be submitted as RGB (8 bits per channel). 

Figure Lettering 
 

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

➢ Keep lettering consistently sized throughout your finalsized artwork, usually 

about 2–3 mm (8–12 pt). 

➢  Variance of type size within an illustration should be minimal, e.g., do not use 

8pt type on an axis and 20pt type for the axis label. 

➢ Avoid effects such as shading, outline letters, etc. 

➢ Do not include titles or captions within your illustrations. 

Figure Numbering 
 

All figures are to be numbered using Arabic numerals. 
 

Figures should 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, "A1, 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 
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number, also in bold type. 
 

➢ No punctuation is to be included after the number, nor is any punctuation to be 

placed at the end of the caption. 

➢ Identify all elements found in the figure in the figure caption; and use boxes, 

circles, etc., as coordinate 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 figures 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 booksized 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. 

Accessibility 
 

In order to give people of all abilities and disabilities access to the content of 

your figures, please make sure that 

All figures have descriptive captions (blind users could then use a texttospeech 

software or a texttoBraille 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 
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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. 

Before submitting research datasets as electronic supplementary material, 

authors should read the journal’s Research data policy. We encourage research 

data to be archived in data repositories wherever possible. 

Submission 
 

Supply all supplementary material in standard file formats. Please include in 

each file the following information: article title, journal name, author names; 

affiliation and email address of the corresponding author. To accommodate user 

downloads, please keep in mind that largersized files may require very long 

download times and that some users may experience otherproblems during 

downloading. 

Audio, Video, and Animations 

Aspect ratio: 16:9 or 4:3 

Maximum file size: 25 GB 

Minimum video duration: 1 sec 

Supported 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 

longterm 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 readers should be encouraged to make their own calculations, spreadsheets 

should be submitted as .xls files (MS Excel). 
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Specialized Formats 
 

Specialized 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 citation, similar to that of figures and tables. 32 Refer to the 

supplementary files as “Online Resource”, e.g., "... as shown in the animation 

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

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

Captions 
 

For each supplementary material, please supply a concise caption describing the 

content of the file 

Processing of supplementary files 
 

Electronic 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 contain anything that flashes more than three times per second 

(so that users prone to seizures caused by such effects are not put at risk) 

ENGLISH LANGUAGE SUPPORT 
 

For editors and reviewers to accurately assess the work presented in your 

manuscript you need to ensure the English language is of sufficient quality to be 

understood. If you need help with writing in English you should consider: 

Asking a colleague who is a native English speaker to review your manuscript 

for clarity. Visiting the English language tutorial which covers the common 
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mistakes when writing in English. 
 

Using a professional language editing service where editors will improve the 

English to ensure that your meaning is clear and identify problems that require 

your review. Two such services are provided by our affiliates Nature Research 

Editing 

Service and American Journal Experts. 

English language tutorial 

Nature Research Editing Service 

American Journal Experts 

Please note that the use of a language editing service is not a requirement for 

publication in this journal and does not imply or guarantee that the article will 

be selected for peer review or accepted. 

If your manuscript is accepted it will be checked by our copyeditors for spelling 

and formal style before publication. 

ETHICAL RESPONSIBILITIES OF AUTHORS 
 

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 consideration 

➢ 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 reuse of material to avoid the hint of textrecycling (“selfplagiarism”)). 

➢ A single study is not split up into several parts to increase the quantity of 
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submissions and submitted to various journals or to one journal over time (e.g. 

“salamipublishing”). 

➢ No data have 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 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 coauthors, as well as 

fromthe 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 

manuscript. 

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 

EditorinChief. 

In all cases, further documentation may be required to support your request. The 

decision on accepting the change rests with 

the EditorinChief 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 



32 
 

at submission. 
 

Upon request 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 EditorinChief’s implementation of the following measures, 

including, but not limited to: 

If the article 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 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 

nonfinancial), 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 note 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 
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comply with the abovementioned guidelines. The author will be held responsible 

for false statements or failure to fulfill the abovementioned guidelines. 

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST 
 

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 are directly or indirectly related to the 

research may include but are not limited to the following: 

➢ Research grants from funding agencies (please give the research funder and the 

grant number) 36 

➢ Honoraria for speaking at symposia 
 

➢ Financial support for attending symposia 
 

➢ Financial support for educational programs 
 

➢ Employment or consultation 
 

➢ Support from a project sponsor 
 

➢ Position on 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 

(nonfinancial interests) that may be important to readers should be disclosed. 
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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). 
 

Conflict 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. 

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 

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 
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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: 

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.” 
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“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: 

“Additional informed consent was obtained from all individual participants 

for whom identifying information is included in this article.” 

AFTER ACCEPTANCE 
 

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. 
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Copyright transfer 
 

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. 

Creative Commons AttributionNonCommercial 
 

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. 

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 Springer’s online platform SpringerLink. 

Open Choice 
 

Copyright and license term – CC BY 
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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. 

Find more about the license agreement 


