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RESUMO

Introdugao: Apesar dos prejuizos diretos e indiretos aos seus hospedeiros, carrapatos sao
artrépodes hematofagos que apresentam, em sua saliva, moléculas bioativas com grande
potencial farmacologico para modular atividades hemostaticas e imunomoduladoras em
seres humanos. Objetivo: Sabendo disso, esse estudo buscou realizar a busca
sistematizada por biomoléculas presentes na saliva de carrapatos de maneira a descrever
aquelas que apresentam interesse farmacolégico publicados nos ultimos dez anos.
Metodologia: A partir da pergunta estruturada: “Ha biomoléculas em saliva de carrapatos
que possuam aplicagdes farmacoldgicas em humanos?”, propomos desenvolver estudo
secundario. As recomendac¢des da ferramenta Prisma foram seguidas. Os descritores foram
"Arthropod Proteins”, “Tick”, “Saliva”, “Biological Products” e os sinénimos foram Tick
Proteins, Tick, Salivas, Biologic Drugs, Biologic Medicines, Biologic Pharmaceuticals,
Biologic Products, Biological Drugs, Biological Medicines, Biological(s), Biologic(s),
Biopharmaceuticals, Drugs, Biologic, Drugs, Natural Products, Pharmaceuticals, Products.
Foram elegiveis estudos com carater sistematizado com ou sem meta-analise e n&o houve
restricdo de idioma ou pais para as selegbes. Foram excluidos estudos que incluiram
artrépodes diferente de carrapatos e estudos que o emprego da saliva nao tivesse
aplicagbes farmacologicas. As buscas foram realizadas no periodo de 01/01/2010 a
25/05/2021 nas bases de dados: MEDLINE®/PubMed®, Web of Science, LILACS, EMBASE,
Cochrane e SCOPUS. Além disso, publicagdes, consulta com especialista e publicacbes
nao convencionais foram consideradas. A qualidade metodologica dos estudos elegiveis
foi avaliada pelas ferramentas disponiveis no Joanna Briggs. Todas as etapas foram
conduzidas por dois ou mais avaliadores de forma independente. Os dados gerados foram
tabulados e sumarizados por meio de analise qualitativa narrativa. Resultados: A busca
inicial resultou em 170 artigos e foram selecionados 19 artigos que atenderam os critérios
de elegibilidade do estudo. Relatamos quantitativamente a prevaléncia de espécies,
biomoléculas presentes e aplicagdo farmacolégica. A saliva de hard ticks,
predominantemente encontrados nas Américas, mostrou-se mais promissora quando
utilizadas em estudos experimentais com células humanas. A elucidagdo das biomoléculas

foi possivel, sendo evasina e serpina as biomoléculas com seus potenciais farmacolégicos



de acgao anti-inflamatérias mais evidentes. Discussao: Nos estudos selecionados nos
ultimos 10 anos identifica-se a limitacéo, pois encontramos apenas estudos experimentais,
e nenhum estudo pré-clinico ou clinico, dificultando a qualificagdo metodologica; bem como
em alguns estudos com a biomolécula Evasina e Serpina, ha apontamentos da necessidade
da elucidacdo, das biomoléculas em questdo. Conclusao: Sintetizamos as evidéncias
disponiveis de que as salivas dos carrapatos duros americanos sdo mais estudados para

aplicagdes farmacoldgicas de agao anti-inflamatoéria e imunomoduladoras.

Palavras-chave: saliva; carrapato; potencial farmacolégico; biomoléculas salivares.



ABSTRACT

Introduction: Despite the direct and indirect damage to their hosts, ticks are
hematophagous arthropods that present, in their saliva, bioactive molecules with great
pharmacological potential for modulating hemostatic and immunomodulatory activities in
human beings. Objective: Knowing this, this study sought to carry out a systematic search
for biomolecules present in tick saliva in order to describe those of pharmacological interest
published in the last ten years. Methodology: Based on the structured question: “Are there
biomolecules in tick saliva that have pharmacological applications in humans?”, we propose
to develop a secondary study. The Prism tool recommendations were followed. The
descriptors were "Arthropod Proteins", "Tick", "Saliva", "Biological Products" and the
synonyms were Tick Proteins, Tick, Saliva, Biological Drugs, Biological Drugs, Biological
Pharmaceuticals, Biological Products, Biological Drugs, Biological Drugs , Biological(s),
Biological(s), Biopharmaceuticals, Pharmaceuticals, Biologicals, Pharmaceuticals, Natural
Products, Pharmaceuticals, Products. Original primary studies were eligible, in addition to
secondary studies with a systematic character with or without meta-analysis, and there was
no restriction of language or country for the selections. Studies that included arthropods
other than ticks and studies that the use of saliva had no pharmacological applications were
excluded. ® / PubMed®, Web of Science, LILACS, EMBASE, Cochrane and SCOPUS. In
addition, publications, expert consultation and unconventional publications were evaluated.
The methodological quality of eligible studies is assessed by the tools available from Joanna
Briggs. All steps were independently conducted by two or more evaluators. The data
generated were tabulated and summarized through qualitative narrative analysis. Results:
The initial search resulted in 170 articles and 19 articles that meet the study's eligibility
criteria were selected. We quantitatively report the prevalence of species, biomolecules
present and pharmacological application. A saliva from hard ticks, predominantly found in
the Americas, shows more promise when used in experimental studies with human cells.
The elucidation of the biomolecules was possible, being evasine and serpin as biomolecules
with their pharmacological potentials of anti-inflammatory action more evident. Discussion:
In the studies selected in the last 10 years, the limitation is identified, as we found only

experimental studies, and no pre-clinical or clinical studies, making methodological



qualification difficult; as well as in some studies with the Evasina and Serpina biomolecule,
there are indications of the need for elucidation of the biomolecules in question.
Conclusion: We summarize the available evidence that the saliva of American hard ticks
are more studied for pharmacological applications with anti-inflammatory and

immunomodulatory action.

Keywords: Arthropod proteins; Biological products; Saliva; Tick; Tick proteins.
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1 INTRODUCAO

Os carrapatos estao classificados na classe Arachnida, dentro da Ordem Acari,
Subordem Ixodida possuem (955 espécies), sao constituidos por trés familias:
Nuttalliellidae que possui uma espécie, Argasidae € composta por 218 espécies e Ixodidae
€ a espécie em maior numero com aproximadamente 736 espécies (Dantas-Torres, Filipe
et al., 2019), vivem como ectoparasitas de vertebrados, apresentam ampla distribuigao pelo
mundo e sao reconhecidos como importantes transmissores de doengas. Em alguns dos
seus estagios de desenvolvimento os carrapatos, necessitam de sangue e se alimentam de
mamiferos, passaros, répteis e anfibios. Dessa forma sdo denominados hematdéfagos
obrigatérios, necessitam ingerir sangue para seu desenvolvimento. O ciclo de vida e o
desenvolvimento populacional dos carrapatos estdo relacionados a interagdo com seus
hospedeiros, pois 0 que vai determinar sua sobrevivéncia € o desempenho ao longo da
alimentagcdo, e também sua capacidade de mudar para o proximo estadio, seu

desenvolvimento, e sua reprodugao.

No Brasil, diversas espécies endémicas de carrapatos foram descritas, estdo
distribuidas entre varios géneros diferentes, tais como: Argas; Antricola; Carios;
Ornithodoros; Amblyomma; Dermacentor; Haemaphysalis; Ixodes e Rhipicephalus (Dantas-
Torres et al., 2009).

O longo periodo em que carrapatos da familia Ixodidae permanecem fixados na pele
do hospedeiro ao se alimentar permitiu que desenvolvesse diversos mecanismos
reparatérios como: hemostasia, controle da inflamagédo e da resposta imune (Abreu, J,

2018), essas respostas dificultam a aquisicao de sangue apds a fixacdo no hospedeiro.

Os carrapatos desenvolveram uma série de mecanismos para obter com sucesso
sangue de seu hospedeiro, possuem em sua saliva diversas moléculas capazes de induzir
modificagdes fisioldgicas no local da les&o tecidual no hospedeiro e concluir a ingestdo do
sangue. ApOs selecionar o local de fixagdo, o processo de penetragdo na pele do
hospedeiro e sua permanecia no local leva um tempo. O carrapato corta a pele com suas
queliceras, em seguida, insere o seu hipostdbmio em forma espatulada, coberto por
pequenos dentes, que sera o canal para deposi¢cdo de saliva (Figura 2). Os carrapatos
ixodideos ficam por longos periodos fixados, esse contato e a grande exposig¢ao a repetidas

picadas, faz com que sejam desenvolvidas diversas respostas reparatérias sistémicas e
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locais como hemostasia, respostas inflamatdérias e respostas imunes (Francischetii | et al.,
2008).

Devem enfrentar o sistema imunoldgico do hospedeiro, composto por muitas células
e moléculas de sinalizagao, principalmente citocinas e fatores de crescimento. O
hospedeiro vertebrado possui mecanismos que deveriam ser eficientes contra esses
artréopodes, como imunidade inata, adquirida e o sistema hemostatico. Porém, a saliva
desses carrapatos possui algumas ag¢des farmacoldgicas, ordenadas por componentes
proteicos e outras moléculas como, por exemplo, os lipidios, que desencadeiam acoes
vasodilatadoras, agregacdo plaquetaria/coagulagdo sanguinea inibida, atividade anti-
inflamatoria, imunossupressora e altera a barreira endotelial refletindo na sinalizagéo de
inflamacao (Tirloni L et al., 2016; Francischetti | et al., 2008; Maritz-Olivier C et al., 2007).

Os conhecimentos sobre os mecanismos utilizados por carrapatos para burlar os
sistemas humanos, nos permite identificar quais moléculas em sua saliva, pode ser
utilizados como estratégia para a busca por novos compostos farmacolégicos a partir da
exploracdo de substancias ativas. Nesse sentido, evidéncias mostram que a saliva de
carrapatos apresenta potente atividade imunomoduladoras e anti-hemostaticos, e outros

ainda néo explorados.

Figura 1: Diferencas de carrapatos duro e mole

Carrapatos
Classe Arachnida

Carrapato duro
Argasidae Ixodidae

Fonte: microbiologybook.org
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Figura 2: Morfologia do carrapato

Glandulas Salivares |

Hipostdmio
Base do capitulo

Palpos maxilares

Intesting intermediario |

Glandulas Salivares \

Fonte: Vestsmart

2 CICLO DE VIDA

Os carrapatos possuem um ciclo de vida que inclui a fase de ovo, larva, ninfa e
adulto. Apds o ingerir o sangue do hospedeiro a fémea teledgina ingurgitada (alimentada)
se desprende do mesmo, depositando milhares de ovos, no ambiente e logo em seguida
morre dando inicio a um novo ciclo. Desses ovos, que dependem das condi¢gdes ambientais
para eclodir dao origem as larvas (fase de muda), estas ap6s a maturagdo, sobem em
capins, folhas baixas até entrarem em contato com possivel hospedeiro e se fixa a ele. No
hospedeiro as larvas realizam o repasto sanguineo e ficam complemente ingurgitadas, as
larvas se desprendem dando origem a fase de ecdise e assim surgem as ninfas que assim
como as larvas também ficam a espera de um hospedeiro se alimentam e assim realizam
novamente a fase de ecdise para o periodo adulto onde irdo se fixar novamente no
hospedeiro para se alimentar e assim fazer o depdsito de ovos (Rodrigues et al., 2015)
(Figura 3).
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Figura 3. Ciclo biolégico de grande parte dos carrapatos.

S
4 . Larva
Alimentam-se em mamiferos
de grande e médio porte
Alimentam-se em
/ pequenos animais
{
4
’\ Ninfa

Alimentam-se em mamiferos de.
pequeno e médio porte

Fonte: Extinset, 2021
3 HEMATOFAGIA E A SALIVA DE CARRAPATOS

A hematofagia € uma das fases mais complicadas para o carrapato, eles precisam
localizar a fonte alimentar e penetrar suas pecgas bucais na pele para obter o sangue sem
que o hospedeiro o note. Os carrapatos principalmente os ixodideos ficam muito tempo em
contato com seus hospedeiros, com isso faz com que sejam desenvolvidas diversas
respostas reparatérias sistémicas e locais como hemostasia, respostas inflamatérias e
respostas imunes (Valenzuela, 2005). Essas respostas podem dificultar o processo de
aquisicao de sangue, assim, a glandula salivar do carrapato produz a saliva, um fluido
composto por varias moléculas farmacologicamente ativas que quando injetadas no
hospedeiro, produzem modifica¢des fisiologicas no local da picada que vao desencadear
no hospedeiro diversas reagbes e garantir que o artrépode consiga ingerir sangue
(Francischetti et al., 2009).



19

Inicialmente as secregbes salivares inibe a coagulacdo do sangue, dilatam os
capilares da pele suprime as respostas inflamatérias do hospedeiro, estimula o sistema
imunologico do hospedeiro e interage com os componentes do sistema imunolégico. Os
carrapatos ixodideos possuem uma alimentacdo lenta isso devido a necessidade de
produzir uma nova cuticula para acomodar o volume cada vez maior de sangue. Ao se
alimentar a fémea totalmente alimentada fertilizada pode pesar de 100 a 120 vezes seu
peso original. A produg&do de anticorpos, o sistema complemento, linfécitos T e células
apresentadoras de antigenos sdo respostas do hospedeiro a essa alimentagdo dos
carrapatos, no entanto muitos hospedeiros desenvolvem uma resposta imunolégica a
exposicdes repetidas a carrapatos. O processo de alimentacao de carrapatos de corpo mole
€ relativamente rapido em comparagado com carrapatos de corpo duro. Os carrapatos de
corpo mole comegam a se alimentar de sangue quase imediatamente apos a fixagdo, nao

secretam cimento, ndo formam uma nova cuticula (Anderson & Magnarelli, 2008).

3.1 AGOES FARMACOLOGICAS

As principais agdes farmacologicas identificadas sdo modulagéo de resposta anti-
inflamatoria e anticoagulante, inicialmente, para obter grande fluxo sanguineo no local de
fixacao, os carrapatos secretam na saliva compostos lipidicos que sao capazes de provocar
a dilatagdo dos vasos sanguineos. A capacidade da saliva de carrapatos de inibir a
agregacao plaquetaria decorre da presenga de moléculas especificas que bloqueiam a
interagdo entre plaquetas, inibindo assim o processo de agregacgao, ou da presenga de
proteinas com atividade enzimatica que destroem ou inibem os agonistas que ativam a
agregacado. As salivas de carrapatos possuem em uma composicdo moléculas com
atividade anticoagulante inibindo moléculas de trombina ou de fator Xa, os inibidores de
coagulagao se alternam em mecanismo de agao, variando desde pequenos peptideos a
moléculas maiores, como proteinas pertencentes a familia Kunitz e a familia das serpinas
(MARITZ-OLIVIER et al., 2007).

A inflamacgao ocorre como resposta em decorréncia de uma injuria local, envolvendo
células de defesa, quimiocinas, enzimas, mediadores inflamatoérios lipidicos e citocinas.
(FRANCISCHETTI et al., 2009).

3.2PROBLEMAS PARA SERES HUMANOS
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Os carrapatos além de possuir em sua saliva beneficios, os maleficios estao
presentes também para seres humanos. Sabe-se que em sua saliva €& possivel a
transmissao de patdgenos, apesar de as picadas da maioria dos carrapatos nao
apresentarem consequéncias, elas podem trazer uma quantidade de agentes causadores

de doenga humana como virus, bactérias e até protozoarios.

7

Uma das doengas mais conhecidas a doenca de Lyme, & causada pela
bactéria Borrelia burgdorferi (figura 4) que infecta mamiferos nos Estados Unidos, sao
transmitidos para humanos pelos carrapatos /Ixodideos de pernas pretas (carrapatos do

veado).

Figura 4: Transmiss&o da Doencga de Lyme

Ciclo de vida dos carrapatos da doenga de Lyme

Ovos %

L4
Mﬁ«

Eqgas A maioria dos casos

\\ e de Doenca de Lyme

N\ SPRING & transmitida para humanos.
N\

e

Nl
Inverno X Verao
Outono\

Adultos

_agﬁ\_
Mﬁ«

Fonte: microbiologybook.org

Ha outras doengas bacterianas como a febre maculosa da montanha rochosa,
atingem criangas abaixo de 15 anos. E causada pela bactéria Ricketsia rickettsii, é
transmitida pelo carrapato marrom do cao e o carrapato da madeira da Montanha Rochosa
(os dois sédo espécies Dermacentor dos Estados Unidos). A tularemia € uma doenca
também transmitida pelas duas espécies de Dermacentor, € causada pela bactéria

Francisella tularensis.
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Abstract

Ticks have bioactive molecules in their saliva with great pharmacological potential to
modulate hemostatic and immunomodulatory activities in humans. A systematic search was
carried out for biomolecules present in tick saliva and show those of pharmacological
interest published in the last ten years. A secondary study was developed following the
Prisma tool recommendations. Original primary studies were used, in addition to secondary
studies with a systematic character with or without meta-analysis, and there was no
language or country restriction for these choices. Studies that included arthropods other
than ticks and studies that the use of saliva had no pharmacological application were
excluded. Searches were performed in the following databases: MEDLINE®/PubMed®,
Web of Science, LILACS, EMBASE, Cochrane and SCOPUS. In addition, specialist
orientations and unconventional publications were considered. The methodological quality
was performed using the tools available at Joanna Briggs. All steps were conducted by two
or more independent evaluators. The data generated was charted and summarized through
qualitative narrative analysis. The initial search resulted in 170 articles and 19 articles that
met the study's eligibility criteria were selected. We quantitatively report the prevalence of
species, biomolecules present and pharmacological application. The saliva of hard ticks,
found in the Americas, are more promising when used in experimental studies with human
cells. The elucidation of the biomolecules was possible, with evasin and serpin being the
biomolecules with the most evident pharmacological potentials for anti-inflammatory action.
In the selected studies we found only experimental studies, and no pre-clinical or clinical
studies, making methodological qualification difficult; in some studies, with the Evasin and
Serpin biomolecule, it suggested the need for elucidation of these biomolecules in question.

We summarized the available evidence that the saliva of American hard ticks is the most
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studied for pharmacological applications of anti-inflammatory and immunomodulating

action.

Keywords: saliva, tick, pharmacological potential, salivary biomolecules.
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1. Introduction

Ticks are distributed in the Arachnida class, Acari order, of the suborder Ixodida and 955
species have already been listed. The tick species are distributed into three families:
Nuttalliellidae, which has only one species, Argasidae (soft tick) which is composed of 218
species and Ixodidae (hard tick) with approximately 736 species (Dantas et al; 2019), they
are obligatory hematophagous arthropods that feed repeatedly by minutes, hours, days, or
weeks on their hosts (Francischetti et al; 2009). Due to this, to successfully obtain blood
from their host, these invertebrate ectoparasites have developed a series of mechanisms
that bypass vertebrate defenses. Among these mechanisms, we can highlight the production
of saliva, which is a secretion rich in components that favor the success of blood acquisition
and the perpetuation of its host's tick. In the vertebrate host, the insertion of the oral tract
triggers the recruitment of defense cells and the production of chemokines, lipid
inflammatory mediators and cytokines (Francischetti et al; 2009). The presence of secreted
saliva, exactly where the tick's mouthparts are fixed, is the main reason for its permanence,

since it is where the cells and molecules of the host act precisely (Tatchell; 1967).

Just as researchers and pharmaceutical companies seek to discover synthetic or plant-
derived bioactive molecules, they also seek to find molecules derived from vertebrate and
invertebrate animals. In the case of hematophagous arthropods, such as ticks, mosquitoes,
sandflies and triatomines, it is known that they are capable of producing and secreting potent
bioactive molecules. Among these, there's no doubt that ticks are the species with the best-
known molecules and with a greater number of activities that have already been previously
determined. However, there still hasn't been any careful evaluation of how many molecules

that have already been identified to show a potential effect on the biology of human cells
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and molecules. For this reason, our proposal is to identify the main biomolecules existing in
the saliva of ticks studied in the last decade in order to evaluate their interaction routes and

potential pharmacological actions in human cells and molecules.

2. Materials and methods

This is a secondary study developed through a systematic review, following the
recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 (Haddaway and McGuinness; 2020).

The study used a structure question with the aid of the acronym POT (P = population, O =
outcome, T = type of study), being: P = Biomolecules with pharmacological activity present
in tick saliva; O = type of activity; T = primary and secondary studies (only systematic review
with or without meta-analysis), assisting in the stages of development of the methodological

protocol.

2.1Eligibility criteria
The criteria for inclusions were: types of original primary studies, in addition to secondary
studies with a systematic character with or without meta-analysis, which covered the period
of the last decade (2010 to 2021). For the present study, there were no language or country
restrictions for the selections.
On the other hand, studies that were duplicated or that included only arthropods other than
ticks, studies in which the use of tick saliva did not have pharmacological applications and,

finally, in silico studies (bioinformatics) were excluded.

2.2 Information sources
The searches took place from 01/01/2010 to 05/25/2021, defining that for conventional

publications the following 05 databases would be used: Medical Literature Analysis and
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Retrieval System Online (MEDLINE/PubMed), Web of Science, Latin American and
Caribbean Health Sciences Literature (LILACS), Excerpta Medica Abstract Journal
(EMBASE), Cochrane Library (Cochrane) and SciVerse Scopus.

For evaluation and the search in gray literature, unconventional publications, the following
were investigated: Theses and dissertations cataloged by the Coordination for the
Improvement of Higher Education Personnel (CAPES) and a detailed search on the topics
indicated and suggested by the Gray's Matter manual (Grey Matters; 2020). In the theses
and dissertations cataloged in the 04 most referenced universities in the study of ticks:
Federal University of Tridangulo Mineiro (UFTM), Federal University of Uberlandia (UFU),
University of Sdo Paulo (USP) and Osvaldo Cruz Foundation (FIOCRUZ). In addition, a
consultation with an expert (CJFO) was carried out to evaluate the results, and to adjust the
search strategy. A consultation was also carried out with the librarian on 08/26/2021, to
confirm the searches and results, we closed the date of analysis of the articles 2010 on

05/25/2021.

2.3 Search strategy

To ensure accuracy in the search, descriptors and synonyms were established after
searching the Medical Subject Headings (MeSH®).

Based on the structure question "Are there biomolecules in tick saliva that have
pharmacological applications in humans?" descriptors and synonyms were selected. The
descriptors were "Arthropod Proteins", "Tick", "Saliva", "Biological Products" and the
synonyms were Tick Proteins, Tick, Salivas, Biologic Drugs, Biologic Medicines, Biologic
Pharmaceuticals, Biologic Products, Biological Drugs, Biological Medicines, Biological (s),
Biologic(s), Biopharmaceuticals, Drugs, Biologic, Drugs, Natural Products,

Pharmaceuticals, Products.
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The search strategy was adapted for each type of base evaluated. The Boolean operators
‘or’” and “and” were used to guarantee the proper associations. The search key was
generated automatically and below is an example used in the Medline/Pubmed database:
"Ticks"[Mesh] OR Ticks OR Tick OR Ixodida OR Ixodidas AND "Saliva"[Mesh] OR Saliva
OR salivas AND "Arthropod Proteins"[Mesh] OR (Arthropod Proteins) OR (Tick Proteins)
AND "Biological Products"[Mesh] OR (Biological Products) OR (Products, Biological) OR
(Biological Product) OR (Product, Biological) OR (Biological Product) OR (Product, Biologic)
OR (Biologic Products) OR Biopharmaceutical OR Biopharmaceutical OR Biological OR
Biological OR (Biological Drug) OR (Drug, Biological) OR (Biologic Drugs) OR (Drugs,
Biologic) OR (Biological Medicine) OR (Medicine, Biological) OR (Biological Medicines) OR
(Medicines, Biological) OR Biologicals OR (Biologic Medicines) OR (Medicines, Biologic)
OR (Biologic Pharmaceuticals) OR (Pharmaceuticals, Biologic) OR Biologics OR (Biologic
Drug) OR (Drug, Biologic) OR (Biological Drugs) OR (Drugs, Biological) OR (Natural
Products) OR (Natural Product ) OR (Product, Natural) filter=years.2010 — 2021

(Supplementary material A).

2.4 Study selection

The study selections were carried out independently by two researchers (Y.O.B. and
C.M.A.R) and the disagreements were resolved by consensus and, when necessary, a third
evaluator with broad experience for decision-making (R.P.A.B) was included. The kappa
coefficient for agreements was used to determine possible significant variations between
the evaluators in different stages.

Articles were first selected based on their titles and abstracts, and those that were duplicates
were excluded. Then, the complete essays were independently evaluated by the evaluators,

and those that met the eligibility criteria were selected for this study.
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2.5 Extraction of the data

Data from the selected studies were entered into a previously standardized Excel
spreadsheet (Microsoft®), following the selection of the independent evaluators (Y.O.B. and
C.M.A.R) and checked, when necessary, by a third evaluator (R.P.A.B.) (Supplementary
material B).

The analyzed data to be extracted from the eligible studies were study type, tick taxonomy,
the place of origin of the tick, techniques used, anatomical parts that were extracted from
the tick, molecules involved with pharmacological activity, promoted action and the

methodology used.

2.6 Methodological quality assessment

Parameters linked to the methodological quality of the selected studies were carefully
evaluated for all the selected studies. The recommendations from the Joanna Briggs; 2020
tools and the Checklist for Analytical Cross Sectional Studies form were followed
(Supplementary material C).

For each study, a percentage of achievement was assigned in the topics that were
suggested by the tool that was used, so that studies that met all quality topics were assigned
100% achievement, and reductions were associated with absences in the description and/or

non-clear descriptions.

2.7 Data analysis
The data was charted in Microsoft® Excel and for the analysis and visual display of the data,
the “Prism” program from Graphpad version 8.0 was also used. A qualitative narrative
synthesis was carried out with the exposure of absolute (humber) and relative (percentage)

frequencies. Associations were assessed using the Chi-square test. For the temporal
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correlation of the frequencies of scientific production, the Person correlation test was used,
after the notice of normality by the D'Agostino & Pearson test. The significance level used

for all assessments was of 5% (Arango; 2001).

2.8 Records

The results pointed out in this systematic review are recorded at https://osf.io/yjuar/

3. Results
3.1 Study Selection

The databases initially presented 170 articles and no records. With individual analysis, we
observed that there were 26 duplicated articles. Among the 144, all titles and abstracts were
read and the inclusion and exclusion criteria was applied. 125 articles were excluded for not
being related to the topic, and none of them could have been used.

After completely reading the 45 studies, 26 were excluded for the following reasons:
narrative reviews (n = 10), (n = 5) articles were analyzed exclusively by bioinformatics and
did not relate to the topic (n = 11).

Finally, the systematic search resulted in the selection of 19 articles according to the criteria

established in the methodology and presented in detail in Figure 1 — flowchart.
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Identification of new studies via databases and registers Identification of new studies via other methods

Records removed before screening 5 e .
Records identified from: Duplicate records (n = 26) Rec;&':sggzzzlgidef;om.
Databases (n=170) — Records marked as ineligible by automation Organisations (_“ -0)
Registers (n =0) tools (n = 0) Citation searching (n = 0)

Records removed for other reasons (n =0)

Identification

Records screened Records excluded
(n = 45) (n=125)
e l 5 ;
= Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
13 (n=0) (n=0) (n=0) (n=0)
’ ' '
Reports excluded: Reports excluded:
Reports assessed for eligibility Literature review articles (n = 10) Reports assessed for eligibility Reason1 (n = xxx)
(n=19) Articles analyzed by bicinformatics (n = 5) (n=0) Reason2 (n = xxx)

Articles unrelated to the topic (n= 11) Reason3 (n = xxx)

New studies included in review
(n=19)

Reports of new included studies
(n=0)

Included

Fig. 1. Flowchart belonging to the identification of the studies collected in database/records

(in yellow) and Identification of studies collected by other methodologies (in gray).

3.2 Characteristics of the studies
After selecting the eligible studies, data such as: author and year, title, database, journal of
publication, type of study and methodological quality were set in place in Table 1.
Among the 05 databases evaluated, it was possible to identify that those eligible studies
are in 02: Medline/Pubmed (n = 15 - 79%) and Web of Science (n =4 - 21%).
In the evaluated articles, no preclinical or clinical studies were found. On the other hand,
79% of the studies used 2 or more study designs and 21% only used one. Assessing the
study models separately these strategies were identified: in vitro (n = 16, 43%), in vivo (n =
13, 35%) and in silico (n = 8, 22%).
All selected studies were evaluated for methodological quality. The data showed a variation
between “moderate” (minimum value found = 62.50% of achievement) to “high” (100% of
achievement). In the assessment of methodological quality, there was an average and
standard deviation of quality achievement of 95 £ 10.18 (%). Of the 19 selected studies, 13

(68.42%) had the maximum achievement (100%) and only one study
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had the lowest achievement (62.5%).

Table 1. Characteristic of studies and methodological quality. *PM: Pubmed/ WS: Web of

Author / Study Data base Journal/periodical Type of study Methodological
Year quality
28 (2010) A new Factor Xa inhibitor from PM Elsevier - Archives of In vitro, in vivo and in 93,75%
Amblyomma cajennense with a unique Biochemistry and Biophysics  silico experimental
domain composition. study
18 (2011)  Ixodid tick salivary gland products target PM Elsevier - International In vitro, in vivo and in 62,50%
host wound healing growth factors Journal for Parasitology silico experimental
study
24 (2011) The action of Amblyomma cajennense tick PM Elvesier - Biomedicine e In vitro experimental 100%
saliva in compounds of the hemostatic Pharmacotherapy study
system and cytotoxicity in tumor cell lines
43 (2011) Deconstructing tick saliva: non-protein WS  Jounal of Biological Chemisty  In vivo and in vitro 100%
molecules with potent immunomodulatory experimental study
properties
12 (2013) Evasin-4, a tick-derived chemokine-binding PM The Febs Journal In vivo and in vitro 90%
protein with broad selectivity can be experimental study
modified for use in preclinical disease
models
39 (2013)  Characterization of Ixophilin, A Thrombin PM Plos One In vivo and in vitro 100%
Inhibitor from the Gut of Ixodes scapularis experimental study
33 (2014)  Antihistamine response: a dynamically PM Parasites and Vectors In silico observational 75%
refined function at the host-tick interface study
41 (2014) Longistatin in tick saliva blocks advanced PM JCI - The Journal of Clinical In vivo and in vitro 100%
glycation end-product receptor activation Investigation experimental study
20 (2015) Effective inhibition of thrombin by WS Ticks and Tick-borne In vivo experimental 87,50%
Rhipicephalus microplus serpin-15 (RmS- Diseases study
15) obtained in the yeast Pichia pastoris
21 (2015)  Rhipicephalus microplus serine protease WS Parasites and vectors In vivo and in vitro 100%
inhibitor family: annotation, expression and experimental study
functional characterisation assessment
16 (2017) Yeast surface display identifies a family of PM Nature — scientific reports In vivo and in silico 100%
evasins from ticks with novel polyvalent CC experimental study
chemokine-binding activities
34 (2017) Avathrin: a novel thrombin inhibitor derived PM The Faseb In vitro, in vivo and in 100%
from a multicopy precursor in the salivary silico experimental
glands of the ixodid tick, Amblyomma study
variegatum
40 (2018) Ixonnexin from Tick Saliva Promotes PM Nature Scientific Reports In vivo and in vitro 100%
Fibrinolysis by Interacting with experimental study
Plasminogen and Tissue-Type
Plasminogen Activator, and Prevents
Arterial Thrombosis
23 (2019) Antitumoral effects of Amblyomma PM Brazilian Journal of Veterinary In vitro experimental 100%
sculptum Berlese saliva in neuroblastoma Parasitology study
cell lines involve cytoskeletal
deconstruction and cell cycle arrest
30 (2019)  The immunosuppressive functions of two PM Immunology In vitro, in vivo and in 100%
novel tick serpins, HISerpin-a and silico experimental
HISerpin-b, from Haemaphysalis study
longicornis
36 (2019)  Immunosuppressive effects of sialostatin PM Elsevier - Ticks and Tick- In vivo and in vitro 100%
L1 and L2 isolated from the taiga tick borne Diseases experimental study
Ixodes persulcatus Schulze
37 (2019)  The structure and function of Iristatin, a PM Cellular and Molecular Life  In vivo, in vitro and in 100%
novel immunosuppressive Sciences silico experimental
tick salivary cystatin study
42 (2019) Rapid assembly and profiling of an WS PNAS - Proceedings of the  In vitro and in silico 93,75%
anticoagulant sulfoprotein library National Academy of experimental study
Sciences of the United States
of America
17 (2020) Semisynthesis of an evasin from tick saliva PM PNAS - Proceedings of the  In vitro and in silico 100%

Science

reveals a critical role of tyrosine sulfation
for chemokine binding and inhibition

National Academy of
Sciences of the United States
of America

experimental study
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Figure 2 shows the distribution of studies that evaluated bioactive molecules for
pharmacological application between the periods of 2010 to 2021, and it was observed that
annually it had an average percentage of 8.33 with a frequency of 1.33 studies. With these

findings, it was not possible to identify a significant time correlation in the frequency of

studies with the theme (p>0.05).

n=28.33 % (N = 1.33/year) Watson et al.
= Kotal et al.
25- Pearsonr=0.03 Wang et al.
Nascimento et al.
o Hajnicka et al. N4
o . )
°, 204 Simonsetal. w®
- Oliveiraetal. @ _, .
@ g w® —
50 N=3 £3 ®% O
> EN oT ©
O ~ 154 28 ©g 2
O o 85 2 T Singh et al
S o 28 32 = '
o2 N =2 N lyer et al. Franck\et al.
s 7 10- $ 3 A -
o Q (4 Q
e 1o N=1
§ Batlstz/et al. ﬂ V
T 51 N2 N =1
] Assumpgao et al.
- N =0
0 ¢ N=0

2010 2012 2014 2016 2018 2020
Perid - years

Fig. 2. Time correlation of studies that evaluated the pharmacological action of biomolecules

extracted from tick saliva.

3.3 Report biasing
It was possible to qualify the distribution of tick genera and species evaluated in
experimental studies for the application of saliva as a therapeutic form, as shown in TableZ2.
The selected articles allowed the extraction of the following data: there are three genera of

ticks, all of the Ixodidae family (hard tick) whose saliva are promising in pharmacological
actions, since they contain bioactive compounds. The prevalence of the genera and
respective species with the highest prevalence can be observed: Amblyoma sp in 31.03%
(Amblyomma cajennense 13.79% cited), Rhipicephalus sp 27.59% (Rhipicephalus

sanguineus 10.34% cited) and Ixodes sp 20, 69% (Ixodes scapularis 10.34% cited),
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Haemaphysalis sp 10.34% (Haemaphysalis longicornis 10.34%), Dermacentor sp 6.90%

(Dermacentor andersoni and Dermacentorreticulatuse 3.45% each) and Hyalomma

sp.3.45% (Hyalomma marginatum rufipes with 3.45%).

Genus Prevalence Species Prevalence Region Study
% (n) % (n)
Amblyomma  31.03(9) Amblyomma  13.79 (4) Brazil and Mexico ~ Batista et al., 2010, Simons et
sp cajennense al.,, 2011, Franck et al.,2020,
’ Singh et al.,2017
Amblyomma 3.45 (1) Brazil and Mexico  Singh etal.,2017
maculatum
Amblyomma 3.45 (1) Brazil and Mexico  Singh etal.,2017
parvum
Amblyomma 3.45 (1) Brazil Nascimento et al.,2019
sculptum
Amblyomma 6.90 (2) Africa and Slovakia Hajnicka et al., 2011, lyer et
variegatum al., 2017
Dermacentor  6.90 (2) Dermacentor 3.45(1) United States Watson et al.,2019
sp andersoni
Dermacentor ~ 3.45 (1) Western Asia and  Hajnicka et al.,2011
reticulatus Europe
Haemaphysa 10.34 (3) Haemaphysal 10.34 (3) Australia and Asia XVa_mg et t a:-gg}g,
H H H H nisuzzaman (<) al., ,
lis sp. is longicornis Watson et al..2019
Hyalomma 3.45 (1) Hyalomma 3.45 (1) Africa, Asia and Watson et al.,2019
sp. marginatum Europe
rufipes
Ixades sp. 20.69 (6) Ixodes 3.45 (1) Europe, Chinaand  Sajiki et al.,2020
persulcatus Japan
Ixodes ricinus  6.90 (2) Europe and Asia |_||aj2n(i)c1k9é et al.,2011, Kotal et
al.,2019,
Ixodes 10.34 (3) United States, HajniC_kéh et t a:gg];
: : arasimhan e al., ,
scapularis Canada and Slovakia Assumpcao et al 2018
Rhipicephalu  27.59 (8)  Rhipicephalus  6.90 (2) Australia, South Tao et al., 2016, Rodriguez-
s sp. (Boophilus) Africa and South ~ Valle etal..2015
microplus America
Rhipicephalus ~ 6.90 (2) Africa Hajnicka et al.,2011, Valdés
appendiculatu 2014
s
Rhipicephalus ~ 3.45 (1) Africa Singh et al.,2014
pulchellus
Rhipicephalus  10.34 (3) Brazil Déruaz et al., 2013, Singh et
sanguineus al.,2017, Oliveira et al.,2011
Total 100 (29) 100 (29)

Table 2 - Prevalence of species and regions of ticks selected in the selected articles.
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It can also be observed that studies involving species with a prevalence higher than 10%
converge to the statement that used ticks from the regions of Brazil, Mexico, United States,
Canada, Slovakia, Asia, Africa and Australia.

To better assess these regional data, Table 3 shows the continental prevalence of ticks,
whose saliva has possible pharmacological usage. It is interesting to note the predominance
and frequency of ticks found in America, followed closely tied by Europe and Asia; followed

by Africa and with lower prevalence in Oceania.

Continent

Genus Total P-value
America Europe Asia Africa Oceania
Amblyomma sp. 4 (66.67) 1(16.67) 0 (0.00) 1(16.66) 0 (0.00) 6 (100)
Dermacentor sp. 1(33.33) 1(33.33) 1(33.34) 0 (0.00) 0 (0.00) 3 (100)
Haemaphysalis sp. 0 (0.00) 0 (0.00) 1 (50.00) 0 (0.00) 1(50.00) 2 (100)
Hyalomma sp. 0 (0.00) 1(33.33) 1(33.33) 1(33.34) 0 (0.00) 3(100) <0.0001
Ixades sp. 2 (25.00) 3 (37.50) 3 (37.50) 0 (0.00) 0 (0.00) 8 (100)
Rhipicephalus sp. 2 (33.33) 0 (0.00) 0 (0.00) 3 (50.00) 1(16.67) 6 (100)
Total 9 (158.33) 6 (120.83) 6 (154.17) 5(100.00) 2 (66.67) 28

Table 3. Continental prevalence that assesses possible pharmacological applications for
tick saliva.

Corresponding to the characteristics of the samples used through Table 4. We can stratify
that 78.95% of the studies used human material, 68.42% used animals (non-humans) and
47.37% used unicellular organisms and other types of cells. It is noteworthy that the
interaction of human and non-human materials (a+b) occupied third place in this prevalence,
57.89%, followed by the interaction of human materials and unicellular organisms (a+c) and

non-human materials and unicellular organisms (b+c) with 31.58%.
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Sample characteristic Events (N) Prevalence - % (N = 19)
Human - (a) 15 78.95
Non-human animal - (b) 13 68.42
Unicellular organism - (c) 9 47.37
"In silico" - (d) 4 21.05
(at+b) 11 57.89
(a+c) 6 31.58
(a+d) 2 10.53
(b+c) 6 31.58
(b+d) 2 10.53
(c+d) 3 15.79
(at+b+c) 4 21.05
(a+b+d) 2 10.53
(at+ctd) 2 10.53
(b+ctd) 2 10.53
(a+b+c+d) 2 10.53

Table 4. Stratification of the characteristics of the samples used.

Table 5 summarizes the molecules shown in the studies as present in the saliva of ticks
capable of interacting and acting on various molecules in the human body. Molecules listed
in the studies include enzymes, cytokines, components of the complement system,
antibodies, cell signaling molecules, and immune cell receptors.

In selected studies and charted data, we can observe the prevalence of biomolecules and
their respective pharmacological actions: Evasine (21.05%) that binds to host chemokines
as an anti-inflammatory strategy; Serpin (15.79%) that acts as a protease inhibitor, also
relating them to anti-inflammatory action. Assessing gross saliva (10.53%), the studies point
to a possible antitumor and anticoagulant pharmacological action. The other biomolecules

presented at lower frequencies (5.26%) had other specific actions such as: Amblyomin-X
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indicating anticoagulant and protease inhibitor action; Lipocalin with antihistamine action;
Avatrin with anti-hemostatic activity; Ixophyllin: anticoagulant/thrombin inhibitor; Sialostatin
with immunosuppressive and anti-inflammatory action; Iristatin: immunosuppressive;
Ixonexin: possible anticoagulant; Longistatin: suppressor of adhesion molecule expression,
cytokine secretion, prevention of NF-kB translocation, and reduction of cellular oxidative
stress; Sulfoproteins: anticoagulant; Ado and PGE2 with important immunomodulating and
inflammatory

responses modulating action.

Biomolecule Pharmacological Action Prev;l)ence
Blocking / chemokine function, Anti- 21.050%
Evasin inflammatory (inhibition of chemokine), Action
on inflammatory diseases.
Action on inflammatory diseases, Protease 15.790%

Serpin inhibition

Antitumor action, Cytotoxic effects; Induction

of cell death in cancer cell lines; Coagulation 10.530%

Crude saliva systems;Fibrinolysis and action on platelet '
aggregation; Factor Xa and inhibition of

thrombin.

Amblyomin-X Anti-coagulant; Protease inhibitor. 5.263%
Lipocalin Antihistamine 5.263%
Avatrina Anticoagulant (thrombin inhibitor); Anti- 5.263%

hemostatic compounds
Sialostatin Immunosuppressant; Anti-inflammatory 5.263%
Ixophylline Anticoagulant action (thrombin inhibitor) 5.263%
Ixonnexin Anticoagulant 5.263%
Iristatin Immunosuppressant 5.263%
Longistatin Suppression of the expression of adhesion 5.263%

molecules Cytokine secretion; Prevention of
NF-kB translocation; Reduction of cellular
oxidative stress.

Sulfoproteins Anticoagulant 5.263%
Ado e PGE2 Modulation of immune and inflammatory 5.263%
responses

Total 100%
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Table 5. Prevalence of biomolecules

Table 6 shows the distribution focused on the potential pharmacological activities of tick
saliva in different types of pathologies (target diseases). You can observe the prevalence of
42.11% on the selected studies, identifying molecules with anticoagulant activity (thrombin
blockers). This pharmacological action is important in pathologies such as thrombosis,
thromboembolism and stroke. Bioactive molecules with anti-inflammatory action were
identified in the same percentage, which can help in therapies for pro-inflammatory
pathologies such as arthritis. Anti-tumor and immunosuppressive pharmacological actions
prevailed in 10.53% of the articles and in 5.26% anti-platelet aggregation, antihistamine and
protease inhibitor actions. In combined/accumulated evaluation, we observed a greater
tendency of studies to point out the use of tick saliva in pharmacological actions in
inflammatory diseases (63.16%), followed by hemostatic activity (47.37%).

Pharmacological action Target diseases Prevalence - %
Anticoagulant (blocks Thrombosis, thromboembolism, Brain

thrombin) stroke 42.11

Essential thrombocythemia, Polycythemia

Platelet anti-aggregation Vera 5.26
Antihistamine Hypersensitivity (Allergies, Asthma) 5.26
Anti-inflammatory Pro-inflammatory diseases (Arthritis, etc.) 4211
Antitumor activity Cancer 10.53
Imunossupressors Autoimmune diseases 10.53
Protease inhibition Acute pancreatitis 5.26

Accumulated prevalence
- %

Thrombosis, thromboembolism, Brain

stroke
Hemostatic activity 47.37

Essential thrombocythemia, Polycythemia
Vera
Hypersensitivity (Allergies, Asthma)
Inflammatory diseases Pro-inflammatory diseases (Arthritis, etc.) 63.16

Autoimmune diseases, Acute pancreatitis

Table 6. Potential pharmacological activities for tick saliva in different types of pathologies.
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4. Discussion
Pubmed is a search engine with open access to the MEDLINE database that contains
publications of research articles in biomedicine. MEDLINE has around 4,800 magazines
published in the United States and in more than 70 countries around the world and has been
active from 1966 to the present day. Web of Science is a website that provides subscription-
based access to 6 online databases that provide comprehensive information and citations
for many different academic disciplines. LILACS is a health-specific database that provides
articles published in 26 countries in Latin America and the Caribbean, important in our
region. COCHRANE is a collection of databases focused on the health area with high quality
evidence and also has a specific database for systematic reviews. EMBASE a database for
pharmacological and biomedical articles covers a range of international publications.
SCOPUS is a database where you can find a vast literature of publications such as articles,
books, scientific journals and events in the most diverse areas such as: health, arts,

medicine and others.

Of these, at least five are mandatory for the study to be carried out in a systematic review
and this has assigned six bases to compose the search strategies. For this reason, the
journals found in these databases were chosen because they relate to the theme, research
profile and methodology determined in this systematic review. The systematic review, by
limiting the investigation time in the last 10 years, allowed us to identify possible
pharmacological applications with potential in humans. We observed a lack of scientific

records on preclinical and clinical studies as shown in table 7.

Finding only experimental studies (in vitro, in vivo, in silico) made the methodological
classification difficult and there is still a lack of notes that need to be investigated to

demonstrate the real action in human beings.
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Biomolecule Possible human Tests Reference* Reference
applications In In In literature
vivo vitro Clinic Silico
Evasin Wound healing, Yes Yes No No Déruaz et al.,2013, Chmelaf et al., 2019,
inﬂammatory diseases Slngh et al., 2017, Bonvin, et al; 2016,
Frank et al.,2020, Déruaz et al; 2019,
Hajnicka et al., Frauenschuh et al.,
2020 2007, Vieira et al.,
2009)
Serpin Coagulation diseases, Yes Yes No Yes Tao et al,2016, Chmelafetal., 2019
digestive System, Rodriguez-Valle et
pancreatic  insufficiency a:.,;g;g, Wang et
and Alleviate Joint al
Swelling and
Inflammatory Response
in Arthritis Models
Crude saliva Neuroblastoma cell lines, No  Yes No No Nascimento et al., -
effect on blood clotting, 2019, Simons et al
fibrinolysis and platelet 2011
aggregation, Cell death
induction in cancer cell
lines
Amblyomin-X Coagulation diseases Yes Yes No Yes Batistaetal 2010  (Chmelar et al., 2019,
Branco et al.,2016,
Decrem et al., 2009,
Corral et al.,2016,
Chudzinski-Tavassi et
al 2010)
Lipocalin Allergy and asthma No No No Yes Valdés., 2014 Wang et al., 2016,
Paesen et al.,2000,
Sangamnatdej et al.,
2002
Avatrina Thrombosis Yes Yes No Yes lyeretal, 2017 Kotsyfakis et al., 2006
Sialostatin Immunopathies and Yes Yes No No  Sajiki et al., 2020 -
inflammatory diseases
Ixophylline Coagulation diseases Yes Yes No No  Narasimhan et  Kotsyfakis et al.,
al.,2013 2006, Aounallah et
al., 2020
Ixonnexin Thrombosis Yes Yes No No  Assumpgéo et al., -
2018
Iristatin Immunopathies and Yes Yes No Yes Kotéletal,2018  Narasimhan et al,
inflammatory diseases 2013
Longistatin Inflammatory diseases Yes Yes No No  Anisuzzaman et al,, -
2014
Sulfoproteins Coagulation diseases No Yes No Yes Watson etal, 2019 -
Ado e PGE2 Immunopathies and Yes Yes No No Oliveira et al 2011 -
inflammatory diseases
Total 19

Table 7. Pharmacological applications

review.

in humans; *Articles selected in this systematic
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Evaluations of this same search in periods prior to 2010 will bring other results and
discussions since 2000 new experimental techniques have been developed since then, as
well as bioinformatics. However, to evaluate the scientific evidence that is closer to the
discoveries and potential applicability, this temporal limitation was preferably chosen. Since
the results of the last ten years did not show clinical studies, our review points to results with
potential signaling of possible studies more focused on these biomolecules for the next ten
years.

The ticks listed are all from the Ixodidae (hard tick) family. Ticks successfully perform the
blood meal, through the bite on the host's skin, spend days and even weeks to complete
their feeding. For this to be successful, through their saliva, they trigger a series of
immunomodulatory and homeostatic responses in the host, in addition to presenting major
interferences in wound healing and suppressing the inflammatory response, and due to this
their saliva are studied in search for possible actions and interesting pharmacological
contributions (Nutall 2019; Bowman et al., 2008).

Considering the question on this systematic review and the data found, we converged
information on some molecules present in tick saliva (regardless of genus and species) that
are known for their specific pharmacological actions and functions in human target
molecules and cells. We confirm the quantified results, highlighting the molecules that have
been listed, favoring a greater elucidation of this pharmacological role and using as the base
structure the associations found in the results with other scientific literature.

As evaluated, molecules have applications defined by their actions. Initial tests will guide
the isolated or combined effects of these biomolecules so that in the next 10 years they can
scientifically act in human therapeutics.

Evasin and Serpin prevailed in the results and the need for better elucidation of studies with

crude or isolated saliva are still made noticed, since in this analysis there are interesting
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results with a promising percentage in antitumor action, as well as anticoagulant and anti-

inflammatory actions.

5. Conclusion
It is observed that tick saliva is a promising universe to be explored. The prevalence of
studies is not correlated with the greater effectiveness of the pharmacological action, but
with the great number of studies identified in the systematic review. We summarized the
available evidence that the saliva of American hard ticks is the one with the most studies for

pharmacological applications referring to anti-inflammatory and immunomodulatory action.

Financing

PROPPG/UFTM, PPGCF, PPGCS, PPGMTI.



44

6. Reference

Anisuzzaman, Hatta, T., Miyoshi, T., Matsubayashi, M., Islam, M. K., Alim, M. A., Anas, M.
A., Hasan, M. M., Matsumoto, Y., Yamamoto, Y., Yamamoto, H., Fujisaki, K., Tsuji, N., 2014.
Longistatin in tick saliva blocks advanced glycation end-product receptor activation.
J Clin Invest. 124, p.4429-44;

Aounallah H., Bensaoud C., M'ghirbi Y., Faria F., Chmelar J.l., Kotsyfakis M., 2020. Tick
Salivary Compounds for Targeted Immunomodulatory Therapy. Front Immunol. 23,
p.583845;

Arango, H.G., 2001. Bioestatistica tedrica e computacional. In: Bioestatistica teérica e
computacional. p. 235;

Assumpcéo T.C., Mizurini D.M., Ma D., Monteiro R.Q., Ahlistedt S., Reyes M., Kotsyfakis M.,
Mather T.N., Andersen J.F., Lukszo J., Ribeiro J.M.C., Francischetti |.M.B. 2018; Ixonnexin
from Tick Saliva Promotes Fibrinolysis by Interacting with Plasminogen and Tissue-
Type Plasminogen Activator, and Prevents Arterial Thrombosis. Sci Rep. 4806, p.1-
12;

Batista |.F., Ramos O.H., Ventura J.S., Junqueira-de-Azevedo I.L., Ho P.L., Chudzinski-
Tavassi A.M., 2010. A new Factor Xa inhibitor from Amblyomma cajennense with a
unique domain composition. Arch Biochem Biophys. 493, p.151-6;

Bonvin, P., Power C.A., Proudfoot A.E.l., 2016. Evasins: Therapeutic Potential of a New
Family of Chemokine-Binding Proteins from Ticks. Frontiers in Immunology. 7, p.208;

Bowman, A., Ball, A., Sauer, J., 2008. Tick salivary glands: The physiology of tick water
balance and their role in pathogen trafficking and transmission. In A. Bowman & P.
Nuttall (Eds.), Ticks: Biology, Disease and Control; Cambridge: Cambridge University Press;
pp. 73-91;

Branco V.G,, Igbal A., Alvarez-Flores M.P., Sciani J.M., de Andrade S.A., lwai L.K., Serrano
S.M., Chudzinski-Tavassi A.M., 2016. Amblyomin-X having a Kunitz-type homologous
domain is a noncompetitive inhibitor of FXa and induces anticoagulation in vitro and
in vivo. Biochim Biophys Acta.1864, p.1428-35;

Canadian Agency for Drugs and Technologies in Health (CADTH)., 2020. Grey matters: a
practical tool for searching health-related grey |literature [Internet].
https://www.cadth.ca/ - acess: 25/05/2021. The Agency;




45

Chudzinski-Tavassi A.M., De-Sa-Junior P.L., Simons S.M., Maria D.A., de Souza V.J.,
Batista I.F., Faria F., Durdes E., Reis E.M., Demasi M., 2010. A new tick Kunitz type
inhibitor, Amblyomin-X, induces tumor cell death by modulating genes related to
the cell cycle and targeting the ubiquitin-proteasome system. Toxicon. 56 p.1145-54;

Chmelaf, J., Kotal, J., Kovafikova, A., Kotsyfakis, M., 2019. The Use of Tick Salivary
Proteins as Novel Therapeutics. Front Physiol. 10; p. 812;

Chmelar J., Kotal J., Langhansova H., Kotsyfakis M., 2017. Protease Inhibitors in Tick
Saliva: The Role of Serpins and Cystatins in Tick-host-Pathogen Interaction. Front Cell
Infect Microbiol; 7, p.216;

Corral-Rodriguez M.A., Macedo-Ribeiro S., Pereira P.J.B., Fuentes-Prior P., 2009. Tick-
derived Kunitz-type inhibitors as antihemostatic factors. Insect Biochem Mol Biol. 39
p.579-95;

Dantas-Torres, F., Martins, T.F., Mufioz-Leal, S., Onofrio V.C., Barros-Battesti D.M., 2019.
Ticks (Ixodida: Argasidae, Ixodidae) of Brazil: Updated species checklist and
taxonomic Keys. Ticks and Tick-borne Diseases, 10, p. 1-45;

Decrem Y., Rath G., Blasioli V., Cauchie P., Robert S., Beaufays J., Frére J.M., Feron O.,
Dogné J.M., Dessy C., Vanhamme L., Godfroid E., 2009. Ir-CPI, a coagulation contact
phase inhibitor from the tick Ixodes ricinus, inhibits thrombus formation without
impairing hemostasis. J Exp Med. 206 p.2381-95;

Déruaz M., Bonvin P., Severin .IC., Johnson Z., Krohn S., Power C.A., Proudfoot A.E.I.,
2013. Evasin-4, a tick-derived chemokine-binding protein with broad selectivity can
be modified for use in preclinical disease models. FEBS J. 19, p.4876-87;

Déruaz M., Frauenschuh A., Alessandri A.L., Dias J.M., Coelho F.M., Russo R.C., Ferreira
B.R., Graham G.J., Shaw J.P., Wells T.N., Teixeira M.M., Power C.A., Proudfoot A.E., 2008.
Ticks produce highly selective chemokine binding proteins with antiinflammatory
activity. J Exp Med. 9, p.2019-31;

Francischetti, I.M.B., Sa-Nunes, A., Mans, B.J., Santos, |.M. Ribeiro J.M.C., 2009. The role
of saliva in tick feeding. Front Biosci (Landmark Ed). 14, p. 2051-88;

Franck C., Foster S.R., Johansen-Leete J., Chowdhury S., Cielesh M., Bhusal R.P.,
Mackay J.P., Larance M.,Stone M.J., Payne R.J., 2020. Semisynthesis of an evasin from
tick saliva reveals a critical role of tyrosine sulfation for chemokine binding and
inhibition. Proceedings of the National Academy of Sciences. 23, p.2657-12664;



46

Frauenschuh A., Power C.A., Déruaz M., Ferreira B.R., Silva J.S., Teixeira M.M., Dias J.M.,
Martin T., Wells T.N.C., Proudfoot A.E.l., 2007. Molecular cloning and characterization
of a highly selective chemokine-binding protein from the tick Rhipicephalus
sanguineus. J Biol Chem. 37, p. 27250-27258;

Haddaway, N.R., McGuinness L.A; 2020. PRISMA2020: R package and ShinyApp for
producing PRISMA 2020 compliant flow diagrams (Version 0.0.1). Zenodo.
http://doi.org/10.5281/zenodo.4287835;

Hajnicka V., Van&ova-Stibraniova I., Slovak M., Kocakova P., Nuttall P.A.,2011. Ixodid tick
salivary gland products target host wound healing growth factors. Int J Parasitol; 2
p.213-23;

lyer J.K., Koh C.Y., Kazimirova M., Roller L., Jobichen C., Swaminathan K., Mizuguchi J.,
lwanaga S., Nuttall P.A., Chan M.Y., Kini R.M., 2017. Avathrin: a novel thrombin inhibitor
derived from a multicopy precursor in the salivary glands of the ixodid
tick, Amblyomma variegatum. FASEB J. 31, p.2981-2995;

Joanna Briggs Institute (JBI) Critical appraisal tools., 2020. Retrieved
from http://joannabriggs.org/research/critical-appraisal-tools.html;

Kotal J., Stergiou N., BuSa M., Chlastakova A., Berankova Z., Rezaova P., Langhansova
H., Schwarz A., Calvo E., Kopecky J., Mare$S M., Schmitt E., Chmelaf J., Kotsyfakis M.,
2019. The structure and function of Iristatin, a novel immunosuppressive tick salivary
cystatin. Cell Mol Life Sci.76, p.2003-2013;

Kotsyfakis M., Sa-Nunes A., Francischetti I.M., Mather T.N., Andersen J.F., Ribeiro J.M.,
2006. Anti-inflammatory and immunosuppressive activity of sialostatin L, a salivary
cystatin from the tick Ixodes scapularis. J Biol Chem. 281, p.26298-307;

Narasimhan S., Perez O., Mootien S., DePonte K., Koski R.A., Fikrig E., Ledizet M., 2013.
Characterization of Ixophilin, a thrombin inhibitor from the gut of Ixodes scapularis.
PLoS One. 8 p.e68012 1-8;

Nascimento T.G., Vieira P.S., Cogo S.C., Dias-Netipanyj M.F., Junior N.F., Cadmara D.A.D.,
Porcacchia A.J., Mendonga R.Z., Moreno-Amaral A.N., Junior P.L.S., Simons M.S., Zischler
L., Esposito S.E., 2019. Antitumoral effects of Amblyomma sculptum Berlese saliva in
neuroblastoma cell lines involve cytoskeletal deconstruction and cell cycle arrest.
Rev. Bras. Parasitol Vet. 28, p.126-133;

Nuttall, P.A., 2019. Wonders of tick saliva. Ticks and Tick-borne Diseases., 2, p. 470-481;



47

Oliveira C.J., Sa-Nunes A., Francischetti ..M., Carregaro V., Anatriello E., Silva J.S., Santos
|.K., Ribeiro J.M., Ferreira B.R., 2011. Deconstructing tick saliva: non-protein molecules
with potent immunomodulatory properties. J Biol Chem. 286, p.10960-9;

Paesen G.C., Adams P.L., Nuttall PA., Stuart D.L., 2000. Tick histamine-binding proteins:
lipocalins with a second binding cavity. Biochim Biophys Acta. 1482(1-2) p.92-101;

Rodriguez-Valle M., Xu T., Kurscheid S.,Lew-Tabor A., 2015. Rhipicephalus
microplus serine protease inhibitor family: annotation, expression and functional
characterisation assessment. Parasites Vectors. 8, p.1-9;

Sajiki Y., Konnai S., Ochi A., Okagawa T., Githaka N., Isezaki M., Yamada S., Ito T., Ando
S., Kawabata H., Logullo C., Junior 1.S.V., Maekawa N., Murata S., Ohashi K., 2020.
Immunosuppressive effects of sialostatin L1 and L2 isolated from the taiga tick
Ixodes persulcatus Schulze. Ticks and Tick-borne Diseases. 11, p1-11;

Sangamnatdej S., Paesen G.C., Slovak M., Nuttall P.A., 2002. A high affinity serotonin-
and histamine-binding lipocalin from tick saliva. Insect Mol Biol. 11, p.79-86;

Simons S.M., Junior P.L., Faria F., Batista |.F., Barros-Battesti D.M., Labruna M.B.,
Chudzinski-Tavassi A.M., 2011. The action of Amblyomma cajennense tick saliva in
compounds of the hemostatic system and cytotoxicity in tumor cell lines. Biomed
Pharmacother; 65 p.443-50;

Singh K., Davies G., Alenazi Y., Eaton J.R.O., Kawamura A., Bhattacharya S., 2017. Yeast
surface display identifies a family of evasins from ticks with novel polyvalent CC
chemokine-binding activities. Sci Rep. 7 p.4267;

Tao Xu., Ala Lew-Tabor., Manuel Rodriguez-Valle., 2016. Effective inhibition of thrombin
by Rhipicephalus microplus serpin-15 (RmS-15) obtained in the yeast Pichia pastoris.
Ticks and Tick-borne Diseases. 1, p.180-187;

Tatchell, R.J.,1967. A modified method for obtaining tick oral secretion. J Parasitol., 5,
p.1106-7;

Valdés, J.J., 2014. Antihistamine response: a dynamically refined function at the host-
tick interface. Parasites Vectors. 7, p.491;

Vieira A.T., Fagundes C.T., Alessandri A.L., Castor M.G., Guabiraba R., Borges V.O.,
Silveira K.D., Vieira E.L., Gongalves J.L., Silva T.A., Deruaz M., Proudfoot A.E.l., Sousa
L.P., Teixeira M.M.,2009. Treatment with a novel chemokine-binding protein or
eosinophil lineage-ablation protects mice from experimental colitis. Am J Pathol. 6,
2382-91;



48

Wang F., Song Z., Chen J., Wu Q., Zhou X., Ni X., Dai J., 2020. The immunosuppressive
functions of two novel tick serpins, HISerpin-a and HISerpin-b, from Haemaphysalis
longicornis. Immunology.159, p.109-120;

Wang Y., Li Z., Zhou Y., Cao J., Zhang H., Gong H., Zhou J., 2016. Specific histamine
binding activity of a new lipocalin from Hyalomma asiaticum (Ixodidae) and
therapeutic effects on allergic asthma in mice. Parasites Vectors. 117, p.12657-12664;

Watson E.E., Ripoll-Rozada J., Lee A.C., Wu M.C.L., Franck C., Pasch T., Premdjee B.,
Sayers J., Pinto M.F., Martins P.M., Jackson S.P., Pereira P.J.B., Payne R.J., 2019. Rapid
assembly and profiling of an anticoagulant sulfoprotein library. Proceedings of the
National Academy of Sciences. 116, p.13873-13878;



APENDICE B - Dados Suplementares

Estratégias de Busca

Material suplementar A

STUDENT: Yanne Barbosa

COURSE Mestrado em Ciéncias Fisiologicas

ADVISOR: Profa. Renata Alves

49

THEME: Biomolecules with pharmacological potential present in tick saliva: a
systematic review

DESCRIPTORS: Arthropod protein; tick; saliva; biological products.

DATE: 25/08/2021

LIBRARY: So6nia Maria Rezende Paolinelli— CRB-6/1191

SEARCH STRATEGY - LILACS

mh:Carrapatos OR carrapatos OR Ixodida OR Ticks OR Ixodida
Ixodidas OR Tick OR Garrapatas OR Ixodida OR
mh:B01.050.500.131.166.132.832%

AND

mh:Saliva OR Saliva OR Salivas OR mh:A12.200.666%

AND

mh:"Proteina de artrépodes” OR (Proteina de artrépodes) OR
(Arthropod Proteins) OR (Tick Proteins) OR (Proteinas de Artropodos)
OR mh:D12.776.093%

AND

Mh:"Produtos biolégicos" OR (Produtos bioldgicos) OR Biofarmaco
Biofarmacos OR (Droga Bioloégica) OR (Drogas Biolégicas) OR
(Farmaco Bioldgico) OR (Farmacos Biologicos) OR (Medicamento
Bioldgico) OR (Medicamentos Bioldgicos) OR (Produto Biolégico) OR
(Produto Natural) OR (Produtos Biofarmacéuticos) OR (Produtos
Naturais) OR (Remédio Biologica) OR (Remédios Bioldgicos) OR
(Substancias Bioldgicas) OR (Biological Products) OR Biologic
(Biologic Drug) OR (Biologic Drugs) OR (Biologic Medicines) OR
(Biologic Pharmaceuticals) OR (Biologic Product) OR (Biologic
Products) OR Biological OR (Biological Drug) OR (Biological Drugs)
OR (Biological Medicine) OR (Biological Medicines) OR (Biological
Product) OR Biologicals OR Biologics OR Biopharmaceutical OR
Biopharmaceuticals OR (Drug, Biologic) OR (Drug, Biological) OR
(Drugs, Biologic) OR (Drugs, Biological) OR (Medicine, Biological) OR
(Medicines, Biologic) OR (Medicines, Biological) OR (Natural Product)
OR (Natural Products) OR (Pharmaceuticals, Biologic) OR (Product,




50

Biologic) OR (Product, Biological) OR (Product, Natural) OR (Products,
Biological) OR (Productos Biologicos) OR Biofarmacéuticos OR
(Drogas Biolodgicas) OR (Farmaco Biolégico) OR (Farmacos
Biologicos) OR (Medicamento Bioldgico) OR (Medicamentos
Bioldgicos) OR (Producto Biofarmacéutico) OR (Producto Bioldgico)
OR (Producto Natural) OR (Productos Biofarmacéuticos) OR
(Productos Naturales) OR (Sustancias Bioldgicas) OR mh:D20.215$
OR mh:VS2.002.001.010%

RESULT LILACS =1 article

https://pesquisa.bvsalud.org/portal/?u_filter%5B%5D=fulltext&u_filter%5B%5D=db&u_filter
%5B%5D=m|_cluster&u_filter%5B%5D=type_of study&u_filter%5B%5D=la&u_filter%5B
%5D=limit&u_filter%5B%5D=pais_assunto&u_filter%5B%5D=year_cluster&u_filter%5B%
5D=type&fb=&output=&lang=pt&from=1&sort=&format=&count=&page=18&skfp=&index=&
g=%28mh%3ACarrapatos+OR+carrapatos+OR+Ixodida+OR+Ticks+OR+Ixodida+Ixodidas
+OR+Tick+OR+Garrapatas+OR+Ixodida+OR+mh%3AB01.050.500.131.166.132.832%24
+%29+AND+%28mh%3ASaliva+OR+Saliva+OR+Salivas+OR+mh%3AA12.200.666 %24 %
29+AND+%28mh%3A%22Prote % C3%ADna+de+artr%C3%B3podes%22+0OR+%28Prote
%C3%ADna+de+artr%C3%B3podes%29+0OR+%28Arthropod+Proteins%29+OR+%28Tic
k+Proteins%29+0R+%28Prote%C3%ADnas+de+Artr%C3%B3podos%29+OR+mh%3AD
12.776.093%24++%29+AND+%28Mh%3A%22Produtos+biol%C3%B3gicos%22+0OR+%2
8Produtos+biol%C3%B3gicos%29+0OR+Biof%C3%A1rmaco+Biof%C3%A1rmacos+OR+
%28Droga+Biol%C3%B3gica%29+0R+%28Drogas+Biol%C3%B3gicas%29+OR+%28F %
C3%A1rmaco+Biol%C3%B3gic0%29+0OR+%28F %C3%A1rmacos+Biol%C3%B3gicos %2
9+0OR+%28Medicamento+Biol%C3%B3gico%29+0OR+%28Medicamentos+Biol%C3%B3gi
€05%29+0OR+%28Produto+Biol%C3%B3gico%29+0R+%28Produto+Natural%29+OR+%
28Produtos+Biofarmac%C3%AAuticos%29+0OR+%28Produtos+Naturais%29+OR+%28Re
M%C3%A9dio+Biol%C3%B3gica%29+0OR+%28Rem%C3%A9dios+Biol%C3%B3gicos %2
9+0OR+%28Subst%C3%A2ncias+Biol%C3%B3gicas%29+0R+%28Biological+Products%
29+0OR+Biologic+%28Biologic+Drug%29+0R+%28Biologic+Drugs %29+0R+%28Biologic
+Medicines%29+0OR+%28Biologic+Pharmaceuticals%29+OR+%28Biologic+Product%29+
OR+%28Biologic+Products%29+0OR+Biological+OR+%28Biological+Drug%29+OR+%28B
iological+Drugs%29+0R+%28Biological+Medicine %29+0OR+%28Biological+Medicines %2
9+0R+%28Biological+Product%29+0OR+Biologicals+OR+Biologics+OR+Biopharmaceutic
al+OR+Biopharmaceuticals+OR+%28Drug%2C+Biologic%29+0OR+%28Drug%2C+Biologi
cal%29+0OR+%28Drugs%2C+Biologic%29+0OR+%28Drugs%2C+Biological%29+OR+%28
Medicine%2C+Biological%29+0OR+%28Medicines%2C+Biologic%29+0OR+%28Medicines
%2C+Biological%29+0R+%28Natural+Product%29+0OR+%28Natural+Products%29+OR+
%28Pharmaceuticals%2C+Biologic%29+0OR+%28Product%2C+Biologic%29+OR+%28Pr
oduct%2C+Biological%29+0OR+%28Product%2C+Natural%29+OR+%28Products%2C+Bi
ological%29+0R+%28Productos+Biol%C3%B3gicos %29+OR+Biofarmac%C3%A9uticos+
OR+%28Drogas+Biol%C3%B3gicas%29+0R+%28F %C3%A1rmaco+Biol%C3%B3gico%
29+0R+%28F%C3%A1rmacos+Biol%C3%B3gicos%29+0OR+%28Medicamento+Biol%C3
%B3gic0%29+0R+%28Medicamentos+Biol%C3%B3gicos%29+0R+%28Producto+Biofar



51

mac%C3%A9utico%29+0R+%28Producto+Biol%C3%B3gic0%29+0OR+%28Producto+Nat
ural%29+0OR+%28Productos+Biofarmac%C3%A9uticos%29+OR+%28Productos+Natural
€5%29+0R+%28Sustancias+Biol%C3%B3gicas%29+0OR+mh%3AD20.215%24+0OR+mh
%3AVS2.002.001.010%24%29&where=&range_year_start=&range_year_end=&filter%5B
db%5D%5B%5D=LILACS&range_year_start=&range_year_end=

SEARCH STRATEGY - PUBMED

"Ticks"[Mesh] OR Ticks OR Tick OR Ixodida OR Ixodidas

AND | "Saliva’[Mesh] OR Saliva OR salivas

AND | "Arthropod Proteins"[Mesh] OR (Arthropod Proteins) OR (Tick Proteins)
AND | "Biological Products"[Mesh] OR (Biological Products) OR (Products,
Biological) OR (Biological Product) OR (Product, Biological) OR
(Biologic Product) OR (Product, Biologic) OR (Biologic Products) OR
Biopharmaceuticals OR Biopharmaceutical OR Biological OR Biologic
OR (Biological Drug) OR (Drug, Biological) OR (Biologic Drugs) OR
(Drugs, Biologic) OR (Biological Medicine) OR (Medicine, Biological)
OR (Biological Medicines) OR (Medicines, Biological) OR

Biologicals OR (Biologic Medicines) OR (Medicines, Biologic) OR
(Biologic Pharmaceuticals) OR (Pharmaceuticals, Biologic) OR
Biologics OR (Biologic Drug) OR (Drug, Biologic) OR (Biological Drugs)
OR (Drugs, Biological) OR (Natural Products) OR (Natural Product) OR
(Product, Natural)

RESULT: 121

LINK:
https://pubmed.ncbi.nim.nih.gov/?term=%28%28%28%22Ticks%22%5BMesh%5D+OR+Ti
cks+OR+Tick+OR+Ixodida+OR+Ixodidas%29+AND+%28%22Saliva%22%5BMesh%5D+
OR+Saliva+OR+salivas%29%29+AND+%28%22Arthropod+Proteins%22%5BMesh%5D+
OR+%28Arthropod+Proteins%29+0OR+%28Tick+Proteins%29%29%29+AND+%28%22Bi
ological+Products%22%5BMesh%5D+0OR+%28Biological+Products%29+OR+%28Produc
ts%2C+Biological%29+0OR+%28Biological+Product%29+0R+%28Product%2C+Biological
%29+0R+%28Biologic+Product%29+0OR+%28Product%2C+Biologic%29+0R+%28Biolog
ic+Products%29+OR+Biopharmaceuticals+OR+Biopharmaceutical+OR+Biological+OR+Bi
ologic+OR+%28Biological+Drug%29+0R+%28Drug%2C+Biological%29+0R+%28Biologi
c+Drugs%29+0R+%28Drugs%2C+Biologic%29+0OR+%28Biological+Medicine%29+OR+
%28Medicine%2C+Biological%29+0R+%28Biological+Medicines%29+0OR+%28Medicine
s%2C+Biological%29+0OR+Biologicals+OR+%28Biologic+Medicines%29+OR+%28Medici
nes%2C+Biologic%29+0OR+%28Biologic+Pharmaceuticals%29+0R+%28Pharmaceuticals
%2C+Biologic%29+0OR+Biologics+OR+%28Biologic+Drug%29+0OR+%28Drug%2C+Biolo
gic%29+0R+%28Biological+Drugs%29+0R+%28Drugs%2C+Biological%29+0OR+%28Nat
ural+Products%29+0R+%28Natural+Product%29+0R+%28Product%2C+Natural%29%2
9&filter=years.2010-2021



SEARCH STRATEGY - COCHRANE

MeSH descriptor: [Ticks] explode all trees

AND

MeSH descriptor: [Saliva] explode all trees

AND

MeSH descriptor: [Arthropod Proteins] explode all trees

AND

MeSH descriptor: [Biological Products] explode all trees

RESULT = 0 artigos

SEARCH STRATEGY - EMBASE

'tick'/exp OR ticks OR Ixodida OR Ixodoidea

AND | 'saliva’/exp OR spittle
AND | 'arthropod protein'/exp OR "arthropod proteins"
AND | 'biological product'/exp OR biologic OR "biologic agent" OR "biologic

agents" OR "biologic product" OR "biologic products" OR biological OR
"biological agent" OR "biological agents" OR "biological products" OR
biologicals OR biologics

RESULT =0 artigos

SEARCH STRATEGY - WEB OF SCIENCE, SCOPUS.

Ticks OR Tick

AND

Saliva OR salivas

AND

"Arthropod Proteins" OR "Tick Proteins"

AND

SCOPUS

"Biological Products" OR "Products, Biological" OR "Biological Product"
OR "Product, Biological" OR "Biologic Product" OR "Product, Biologic"
OR "Biologic Products" OR Biopharmaceuticals OR Biopharmaceutical
OR Biological OR Biologic OR "Biological Drug" OR "Drug, Biological"
OR "Biologic Drugs" OR "Drugs, Biologic" OR "Biological Medicine" OR
"Medicine, Biological" OR "Biological Medicines" OR "Medicines,
Biological" OR Biologicals OR "Biologic Medicines" OR "Medicines,
Biologic" OR "Biologic Pharmaceuticals" OR "Pharmaceuticals,
Biologic" OR Biologics OR "Biologic Drug" OR "Drug, Biologic" OR
"Biological Drugs" OR "Drugs, Biological" OR "Natural Products" OR
"Natural Product" OR "Product, Natural"

WEB OF SCIENCE

ALL=((Biological Products OR Biologic Drugs OR Biologic Medicines
OR Biologic Pharmaceuticals OR Biologic Products OR Biological
Drugs OR Biological Medicines OR Biologicals OR Biologics OR
Biopharmaceuticals OR Drugs, Biologic OR Drugs, Biological OR
Medicines, Biologic OR Medicines, Biological OR Natural Products OR
Pharmaceuticals, Biologic OR Products, Biological) AND (Saliva OR
Salivas) AND (Ticks OR Tick) AND (Arthropod Proteins OR Tick
Proteins))
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| | Results: 48 |
LINK WEB OF SCIENCE: https://www.webofscience.com/wos/woscc/summary/731fd9e0-

2ab6-4a48-8aaa-bfa86b7d69ea-062ab9dd/relevance/1

Material suplementar B
Selegéo final dos artigos

https://docs.google.com/spreadsheets/d/10akNLKZgEzEZpWVLB6Ev4fxngHts-
mOls/edit?usp=sharing&ouid=113357696022573599687 &rtpof=true&sd=true

Material suplementar C
Avalicdo da qualidade metodoldgica

https://docs.google.com/spreadsheets/d/1JPZ5uHiXNclUQaX25v-
JhIDOrIMbSNNCVy2 sHVWGwQ/edit?usp=sharing
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