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RESUMO

A esquistossomose é uma doenca parasitaria presentegides de climas tropicais e
subtropicais. Aproximadamente 200 milhfes de pessmaredor do mundo estado
infectadas pela doenca. A fase cronica é caraat&ipor comprometimento de 6rgaos
e tecidos principalmente figado e baco. A formaatmgsplénica (HS) € o estagio mais
avancado, no qual se observam maiores danos nagpar& hepatico, hipertensao
portal e congestédo hepatica. Em muitos pacientésrmea HS se faz necesséaria cirurgia
de esplenectomia (pacientes HSS). Na forma HS,re@woomgrandes alteracées no
metabolismo de lipidios. Alteracdes lipidicas saasideradas importantes fatores de
risco para Doencas Crbonica Degenerativas Nao Tiassmis (DCDNT) tais como
diabetes mellitusresisténcia insulinica (RI) e doencas cardiovases (DCV). Além
disso, fatores genéticos também podem influenctarpadrédo e grau de alteracéo
lipidicas. O polimorfismo do gene da Apolipoproteid (Apo E) tem sido reportado
como um importante fator contributivo para altees;fipidicas. O objetivo deste estudo
foi investigar em pacientes esquistossomoticos aréacia de fatores de risco para
DCDNT tais como RI e dislipidemias bem como a i@ficia do polimorfismo do gene
da Apo E nas alteracdes lipidicas. Para tanto foodmidas amostras de plasma
sanguineo de individuos HS e HSS bem como de thaigi saudaveis. Foram
determinadas as concentracdes plasmaticas denmsutilicose de jejum, trigliceridios,
HDL-c, VLDL-c, LDL-c, colesterol total, LDL-oxidadaAlbumina, transaminase
glutamico oxalacética (TGO), transaminase glutarpioavica (TGP), fosfatase alcalina
e gama glutaril transferase (GGT). Além de teredo sleterminados os valores de
HOMA-IR e da razao trigliceridios por HDL-c paraeasar a resisténcia e os indices de
Castelli para acessar o risco de desenvolver D@ ae extrair DNA leucocitario
para determinar o polimorfismo do gene da Apo E. ifdividuos HS e HSS
apresentaram niveis mais elevados de LDL-oxidagsedzimas hepéticas, bem como
da glicemia e insulina de jejum e HOMA-IR, alémrdeeis mais baixos de Colesterol,
trigliceridios e albumina, quando comparado ao grogntrole. Nao houve diferenca
significativa da razao trigliceridios/HDL-c, bemneo dos indices de Castelli entre os
grupos. O polimorfismo do gene da Apo E tambénuerftiou na maneira pela qual a
esquistossomose modula o metabolismo de lipidiassteD maneira, os resultados
demonstraram que os individuos portadores da degsisnose crénica apresentaram
alteracbes no metabolismo lipidico, elevadas cdragies de LDL-oxidada e um
qguadro de resisténcia insulinica. Estes, por saarepresentam importantes fatores de
risco para o desenvolvimento de DCDNTSs.

Palavras-chaves: Esquistossomose, dislipidemias, resisténcia imisal,i
Apolipoproteina E.



ABSTRACT

Schistosomiasis is a parasitic disease presenégions of tropical and subtropical
climates. Approximately 200 million people arourtte tworld are infected with the
disease. The chronic phase is characterized byiimeat of organs and tissues
especially liver and spleen. The hepatosplenic (HSthe most advanced stage, in
which we observe further damage in the liver pangn@, portal hypertension and liver
congestion. In many patients as HS surgery is requsplenectomy (HSS patients). In
HS form is observed changes occur in the lipid b@tam. The major changes occur in
the lipid metabolism. Lipid disorders are considemaportant risk factors for Chronic
Degenerative Diseases Non-communicable (CDDNC) asadfliabetes mellitus, insulin
resistance (IR) and cardiovascular disease (CVDjthErmore, genetic factors may
also influence the pattern and degree of lipidralien. The polymorphism of the gene
Apolipoprotein E (Apo E) has been reported as aomepntributory factor for lipid
disorders. The aim of this study was to investighte occurrence of schistosomiasis
patients risk factors for CDDNC such as IR and igyd¢mia as well as the influence of
gene polymorphism of Apo E in lipid disorders. Rbis samples were obtained from
blood plasma from individuals HS and HSS as well resalthy subjects. The
concentrations of plasma insulin and fasting glecasglycerides, HDL-C, VLDL-C,
LDL-C, total cholesterol, oxidized LDL, albumin,ugamic oxaloacetic transaminase
(GOT), glutamic pyruvic transaminase (SGPT), atelalkaline and gamma glutaryl
transferase (GGT). Besides having been determinaldes of HOMA-IR and
triglycerides reason for HDL-c resistance and Qhistendex to access the risk of
developing CVD, and to extract leukocyte DNA detiing the polymorphism of Apo
E. ndividuals HS and HSS had higher levels of @adiLDL, liver enzymes and blood
glucose and fasting insulin and HOMA-IR, and lovearels of cholesterol, triglycerides
and albumin when compared to the control grouprd s no significant difference in
the ratio triglycerides/HDL-c, as well as Castslliindex between groups. The
polymorphism of the Apo E gene also influence tha&yvin which schistosomiasis
modulates lipid metabolism. Thus, the results shibwet individuals with chronic
schistosomiasis showed alterations in lipid metabglhigh concentrations of oxidized
LDL and a framework of insulin resistance. Theseturn, represent important risk
factors for the development of CDDNC.

Keywords: Schistosomiasis, dyslipidemia, insulin resistadqmlipoprotein E.
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1 INTRODUCAO

1.1 Esquistossomose
A esquistossomose ou bilharziase € uma doencatpeeastravascular,

gue esta presente em regides de climas tropicalb&opical causada por
helmintos trematdodeos do géneBzhistosomaEstima-se que ao redor do
mundo existam, aproximadamente, 200 milhdes deopsswmfectadas e que
outros 600 milhdes de pessoas vivam em condi¢cOesrist®. Estudos

epidemioldgicos revelam que 76 paises e territésés endémicos para esta

parasitose (Figura 01). Entretanto, 85% dos cagpnsentram-se no continente

africano (ENGELStt al, 2002, RIDlet al, 2004).

B Area controlada
Area em estagio de controle
H Area nao controlada

Figura 01: Distribuicdo global da esquistossomoseueestado de controle (ENGEet al., 2002.

O primeiro caso de esquistossomose humana foi itbeqoelo patologista
alemao Theodore Maximilian Bilharz (1825-1862). Agazer autopsias em individuos
infectados no Egito, ele descreveu os vermes ajulttachos e fémeas, ambos
parasitando o sistema porta e a bexiga. Tambénredesca morfologia do ovo com

sua peculiar espicula terminal. Os parasitos fordenominados Distomum
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(Schistosoma) haematobiur@ontemporaneamente ao patologista alemao, nm,Japa
outros pesquisadores relatavam a ocorréncia de tretnatoda de morfologia similar
que parasitava o0 sistema porteéSlistosoma japonicunem 1907, na Inglaterra, Luigi
Sambon (1865-1931) observou a ocorréncia de ovosespiculas laterais nas fezes de
individuos doentes, que mais tarde denominara oloS. mansoni No Brasil, o
primeiro caso da esquistossomose mansoénica foritbesm 1907 por Piraja da Silva
no estado da Bah{€OON, 2005; AMARALet al, 2006).

O géneroSchistosomaossui varias espécies que infectam animais enagu
gue acometem o homem. Contudo, existem trés espa@eieaior interesse meédic®.
haematobium, S. japonicuenS. mansoniOs vermes adultos sdo brancos ou cinzas,
medem 7-20 mm de comprimento, possuem um tegumeonoplexo por onde
absorvem os nutrientes oriundos do hospedeiro retaxe metabdlitos. Diferentemente
de outros trematddeos, estes parasitas apreseimtanfisino sexual, sendo os machos
achatados dorso-ventralmente e com uma fenda Umhigii, denominado canal
ginecoforo, onde abriga as fémeas que sao cilerie afiladas (Figura 02)

(GRYSEELSet al,, 2006).

Figura 02 Morfologia do S. mansoni  (Disponivel em:
<http://vineetgupta.files.wordpress.com/2008/06&0olsoma_mansoni2.jpg>.
Acesso em 22de janeiro de 2013).
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Durante o ciclo de vida do parasita (Figura 3),f&meas podem produzir
centenas de ovos por dia (A), os quais sao elimaelas feze€S. japonicume S.
mansonj ou pela urina §. haematobiujnde individuos infectados. Cada um desses
ovos possui uma larva ciliada denominada miradf@jo Quando os ovos entram em
contato com a agua, sob condicdes ideais de lemperatura, eclodem liberando os
miracidios, que nadam até encontrar o caramujoo(B@9spedeiro intermediario. Apés a
penetracao no caramujo, os miracidios multiplicenassexuadamente em esporocistos
que dardo origem as cercarias. Cerca de 4-6 serdapas da penetracdo, as cercarias
(D) saem do caramujo e permanecem nadando no me&ieo por até 72h. Quando o
individuo entra em contato com cole¢cfes de aguatsuicunadas, as cercarias penetram
ativamente através da pele, transformam-se em stggsdmulos e migram pela
corrente sanguinea passando pelos pulmdes, localodgamento, até chegar ao
sistema porta-hepatico, onde alcancam a maturidexeal (E) e finalmente seguem

para as veias mesentéricas para ovoposicao (BLANKINHAR004).

Figura 03 Ciclo de vida d8. manson{GRYSEELSet al, 2006).
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Dentre as espécies do gén8ahistosomao S. mansoné o agente etiologico da
esquistossomose no Brasil. O verme tem origemaai@ice teria sido introduzido no
pais durante o periodo colonial através do trafieo escravos oriundos daquele
continente. O sucesso da perpetuacao do parasregid foi atribuido a dois fatores
principais: condi¢cdes climaticas semelhantealoitat original e a existéncia de um
hospedeiro intermediario compativel com o seu daildovida, os moluscos do género
Biomphalaria.No Brasil, existem trés espécies deste gérierglabrata, B. straminea,
B. tenagophilf PARAENSE, 1983; GRYSEELS! al, 2006). Destas trés espécieB.o
glabrataé o que apresenta maior susceptibilidade a infegebds. mansondevido ao
seu maior tamanho, melhor adaptacdo ao parasitan anaior numero de larvas
infectantes liberadas (MALAGUENEX al, 1994).

Estima-se que no Brasil existam cerca de 2,5 msllifiiecasos da esquistossomose
mansonica, sendo bastante endémico na regido tmrdesstado de Pernambuco —
Nordeste — Brasil possui uma das prevaléncias médiais elevadas de pessoas
infectadas pel&. mansonicom uma concentracdo dos casos predominantemaste
zonas da mata e litoranea (AMARAL & PORTO, 1994; FBOSA et al, 1996;
BARBOSAEet al, 2001; BARBOSAet al, 2006).

A patologia da esquistossomose mansoénica é diveldaluas fases: fase aguda e
fase cronica (GRYSEELS, 2006). A fase aguda é teniaada por uma reacao imune
decorrente da penetracdo das cercarias atravésleldghospedeiro, é autolimitante e
resolvida espontaneamente. Os principais sintoraalsk aguda sao: diarréia, febre,
perda de peso, tosse, mialgia, atralgia, eosiapfiducocitose e urticaria (dermatite

cercariana). Geralmente ndo é observada nas pépslale areas endémicas, sendo
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mais comum em individuos oriundos de areas naone@ndé que entram em contato
com antigenos do parasito pela primeira vez (CAL2AS, 2008).

A fase crbnica é caracterizada pelo comprometimeteo 6rgdos e tecidos
ocasionados por reacdes granulomatosas, que séncddsadas pela deposicdo dos
ovos do parasito nos mesmos. De acordo com os Srgdolvidos e seu grau de
comprometimento, a fase crénica é subdividida &s subfases: fase intestinal (FI),
fase hepatointestinal (FHI) e fase hepatoespléfiktdE) (BLANCHARD, 2004;
GRYSEELS, 2006). Tradicionalmente, a ultra-sonagraém sido o método mais
utilizado para diagnostico e acompanhamento deepi@s esquistossomoticos cronicos
possibilitando, inclusive, a caracterizacao dasasds (BEZERR/Aet al, 2004).

A Fl é caracterizada por lesdes nas alcas intéstpramovidas pela postura dos
ovos, pela fémea do parasito, nos vasos sanguifeegdexo mesentérico causando
granulomas, pseudopolipos e microulceracdes na sautdestinal. Enquanto que a
FHI constitui uma fase intermediaria entre a FIFH&, na qual podem ser observadas
as primeiras lesbes granulomatosas no figado, meter da deposicdo dos ovos
(GRYSEELS, 2006).

A FHE é a estagio mais avancado da doenca e gernalnse estabelece apos a
primeira década da infeccdo, sendo encontradaipainoente em areas hiperendémicas
onde ocorrem reinfeccdes sucessivas. No decoesta dase observa-se maior grau de
lesGes hepaticas, alteracdes fisiopatologicas efestacdes clinicas (ABDALLAHEt
al., 1999). A entidade anatomo-patoldgico caracteestia FHE € representada pela
leséo periportal, descrita por Symmers em 1904hedda como fibrose de Symmers,
que é resultante de uma intensa neoformacdo cogunbs sinusoides hepaticos,

desencadeada por antigenos solluveis secretadesguels viaveis. Durante esta fase
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também pode ser observado o aparecimento de vasdagianas, que podem se
romper e ocasionar hemorragias digestivas; ciréolaplateral e ascite causada pela
combinacéo da hipoalbuminemia e hipertensao p@figiira, 04); aumento no tamanho
do baco (esplenomegalia) resultante da congestaeirdalacdo porta-hepatica e
proliferacdo celular acentuada do sistema fagoeftiononuclear (hiperesplenismo)
que, por sua vez, leva ao aparecimento de anemu@ppenia e trombocitopenia

(ANDRADE et al, 1962; STAVITSKY, 2004; GRYSEELE:t al, 2006).

(A) | @)

Figura 04 (A) Paciente apresentando ascite e eigdol colateral. (B) Esdfago apresentando
varizes esofagianas. Disponivel em <www.hepatocemm.br>. Acesso em 21de janeiro
de 2013

De acordo com as fases da doenca, o hospedeiressapdiferentes padrbes de
resposta imune, que sdo mediadas por células TiamegiCD4+. Durante a fase aguda
0 padréo citocinico Thl (IL-2. TN&-e IFN<y) é predominantemente expresso, estando
relacionado com funcgdes citotoxicas e inflamatéridanquanto que na fase crbnica
predomina o padrédo Th2 (IL-4, IL-5, IL-6, IL-10 le-13) que tem um papel estimulante
para producdo de anticorpos, principalmente Ig&ljfpracéo e ativacao de eosinofilos.
O balanco entre as respostas Th1/Th2 esta relalwar@n a regulacdo da intensidade

da reacao granulomatosa bem como do grau de fibeys#tica observado. O equilibrio
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estabelecido entre estes padrdes inflamatoriomedaterminante para a sobrevivéncia
muatua na relacdo parasito hospedeiro (BRUNETal, 1998; WYNN et al, 2004;
ABATH et al.,2006; CALDASet al, 2008).

O tratamento clinico padrdo da esquistossomoseeatia na utilizacdo de drogas
esquistossomicidas, principalmente a Oximiniquine raziquantel. Atualmente, o
Praziquantel, um derivado pirazino-isoquinolonay tdo a droga de escolha para o
tratamento da esquistossomose devido ao seu mastw/tcatamento, alta eficacia e
baixa toxicidade em relacédo aos demais quimioteo&iCIOLI & PICA-MATTOCIA,
2003; DAYAN, 2003; McFADYEN, 2006; KATZ & COLEHO, @D8). Entretanto,
alguns pacientes portadores da FHE mais avancamessieam de uma intervencéo
cirdrgica, que consiste na retirada do baco, aeesptomia, no intuito de diminuir a
hipertensdo portal e a congestdao hepatica, o gadtaenuma melhora do quadro
hemodinamico do paciente, 0 que minimiza os ris$iemorragia digestiva aguda,
uma das principais causas de mortalidade, alénralagver uma melhora na funcéo

metabolica hepatica (BRANDat al, 2005).

1.2 Alteracdes no metabolismo lipidico em estados infeiosos e/ou inflamatorios.

Alguns estudos reportam uma associacdo entre astadi@cciosos e/ou
inflamatorios com alteragbes no metabolismo de dilysi lipoproteinas e
apolipoproteinas, particularmente com relacdo alimgwoteina A-1, o principal
componente protéico da HDIHigh Density Lipoprotei)y e a apolipoproteina B, o
principal constituinte protéico da VLDLVéry Low Density Lipoprote)n IDL

(Intermediate Density Lipoproteir®) LDL (Low Density Lipoprotein Estas alteragbes
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estariam relacionadas com a acao direta do pasdii@ o hospedeiro, como também
ao padrao de resposta imune expresso duranteessdgadas e crénicas das infeccdes
(KHOVIDHUNKIT et al, 2000).

Pesquisas utilizando modelos de experimentacédoahmipservaram relacéo entre a
esquistossomose com algumas alteracdes no metabatis lipidios e lipoproteinas.
Estudos com camundongos infectados relatam redung&oniveis plasmaticos de
colesterol esterificado e elevacdo dos fosfoligdiplasmaticos (FEINGOLDet
al.,1989). Experimentos, utilizando sagui€alflithrix jacchug como modelo de
infeccdo em primatas, demonstraram haver alterag@asomposicdo das membranas
lipidicas de eritrécitos dos animais que desenvalmea infec¢do cronica e reducao na
atividade da enzima lecitina colesterol acil-trans$e (LCAT) estando relacionada com
alteracbes no metabolismo do colesterol, interflerino seu transporte reverso (LIMA
et al.1998). Outros estudos também relataram alterac@esmetabolismo de
triglicerideos e lipoproteina de muito baixa deadal (VLDL) tendo sido observados
niveis elevados em camundongos, que desenvolveranieecdo porS. mansoni
(FEINGOLD et al.1989; DOENHOFFet al, 2002, RAMOSet al., 2004 e LA
FLAMME et al.,2007).

Alguns poucos estudos realizados em humanos tamisgartaram que a
esquistossomose cronica promove alteracdes no aotistab lipidico como, por
exemplo, a peroxidacdo de lipidios de membrana etro@tos e diminuicdo da
atividade da LCAT, reducao dos niveis plasmatiamsalesterol total, LDL-c, HDL-c,
VLDL-c e trigliceridios (SILVAet al, 2001; FACUNDOet al, 2004). Desta forma

pode-se evidenciar que as alteracdes metabolicgevatnlos nestes trabalhos diferem
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de acordo com o tipo de hospedeiro e isto podeesgplicado pelas diferencas e

peculiaridades existentes entre o metabolismo sf&cees estudadas.

1.3 Altera¢gBes no metabolismo lipidico endoencas crénicas degenerativas nao-
transmissiveis.

Doencas cronicas degenerativas nao-transmissiD€li®NT) correspondem a um
grupo de doencas nado contagiosas incapacitantgs, petiogénese esta geralmente
associada a alteracdes metabdlicas que sao infhgesc pelo ambiente, fatores
genéticos e estilo de vida do individuo (sedentajstabagismo, alcoolismo dentre
outras). Sao classificados como DCDNTdm@betes mellitusresisténcia insulinica,
doencas cardiovasculares (DCVs) e cancer, entreso{(NIALTA et al, 2006).

Este grupo de patologias € responsavel por ceré@%edos 56,5 milhdes de obitos
anuais que ocorrem no mundo. Parte destes Obposximadamente 17 milhdes, €
causada por doencas cardiovasculares, que segurBelatério sobre a saude do
mundo (2002)” da OMS, tem como principais fatoregidco a obesidade, hipertenséo
e dislipidemias (ORGANIZACAO PANAMERICANA DE SAUDBEMS, 2003). O
Sistema Unico de Saude (SUS) gasta cerca de 1Besiltie reais/ano em internacdes
decorrentes das DCDNTs e suas complicacdes. Es$er warresponde a
aproximadamente 80% dos gastos com assisténciacad@dspitalar oferecida a
populacdo (LAURENTEt al, 2000).

Dados epidemioldgicos reportam uma estreita relagfi@ alteracdes lipidicas com
a patogénese de DCDNT tais como resisténcia insalidiabetes mellitue DCVs.

Modificagbes quantitativas nos componentes lip&liqguasmaticos tais como a
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diminuicdo nas concentracdes plasmaticas de HDARpm A-l e elevacbes nas
concentracdes plasmaticas de colesterol, LDL-glideridios e VLDL-c, além de
alteracOes qualitativas, como a oxidacao de ligefmas, sdo considerados importantes
fatores de risco para desenvolvimento das DCDBIDTTLIEB et al 2011)
Recentemente, um estudo realizado em individuasticios revelou que 96% destes
individuos apresentaram um quadro de glicemia jdenjalterada e destes, 30% foram
posteriormente diagnosticados cdrabetes mellitusipo 2. Aléem de evidenciarem esta
relacdo, ainda observaram que aqueles individuogsidomyes de algum distarbio no
metabolismo insulinico desenvolviam um quadro deatsse, mesmo quando nao
apresentavam alteracOes significativas no penfildico, sobretudo nos niveis de
trigliceridios e VLDL-c, que, por sua vez, aumenatay grau e a velocidade de
progressao da fibrose hepatica, além de promoestresse oxidativo nos hepatoécitos

(GARCIA-COMPEANeEet al, 2009).

1.4 Resisténcia insulinica

A insulina tem grande importancia no metabolisngaarco, pois a maioria dos
tecidos, com excecdo do cerebral, renal e sanguido consegue utilizar a glicose
diretamente, sendo entdo necessaria a interacdinstdina com receptores de
membrana para ativagdo de uma proteina transpaatadoglicose (RASMUSSERt

al, 1990).

Os receptores de insulina séo glicoproteinas samteld estruturalmente as
imunoglobulinas, localizados nas membranas doslds@alvos, compostos por duas

subunidades (125KDa a 153KDa) e duas subunidafg90KDa), dispostas de forma
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simétrica e unidas por duas pontes dissulfeto. Busiadea € completamente
extracelular e contém o sitio de ligacdo com alimsuenquanto a subunidage
apresenta um segmento extracelular, um dominisrirambranar hidrofébico e um

segmento intracelular (SHULMAN, 2000).

O numero de receptores para insulina, existentesnembrana celular, é
regulado, em parte, pela propria insulina, ou se@ando ha um aumento na
insulinemia ocorre uma diminuicdo no nimero deptwes own regulatiol, com o
inverso ocorrendo na diminuicdo dos niveis de inauplasmatico p regulation

(RASMUSSENEet al, 1990; SHULMAN, 2000).

A acéo da insulina inicia-se com a ligagéo destenbaoio com o seu receptor de
membrana. Em seguida, ocorre a ativacdo da enriosint-cinase que € responsavel
pela autofosforilacdo da subunidggielo receptor e pela fosforilagcdo nos residuos de
tirosina de uma proteina citoplasmatica, de peskecul@r de 131 KDa, denominada
IRS-1 (substrato 1 do receptor de insulina). A [R#®sforilada interage com outras
proteinas especificas intracelulares, como, pompk® a Grb2 (associated binding
protein 2), fosfatidilinositol-3-cinase, fosfotiinas e fosfatases. Estas, por sua vez,
desencadeiam de forma ainda desconhecida, multg@asatas de fosforilagcbes e
desfosforilacdes resultando nos efeitos biologa@snsulina (CARVALHEIRAEt al,

2002) (Figura 05).
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Figura 05 Mecanismos de acdo da insulina nas cél

<http://www.afh.bio.br/img/insulina%20e%>. Acesso em 22 daneiro de 201.

Apb6s ocorrer a ligacdo, os complexos horm-receptor, sdo agrupados p
serem internalizados em depressdes especiais ddraranplasmatica, denominac
coated pitsque sao revestidas por um peptideo (clatrina)citddplasma, os comexos
agrupados funderse com os lisossomos, a insulina é degradada mzlasnas

lisossomais e 0s receptores retornam para a mean(VIRKAMAKI et a, 1999).

A insulina tem efeitos diretos em muitos 6érgaosacédbs como o figado, teci
muscular, tecido adiposo e efeitos sobre substeatesyéticos rculante. Além disso,

acreditase que a insulina atue como fator de crescimemidac. No tecido hepatic, a
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insulina estimula a captacdo de glicose e 0 sewnz@mamento como glicogénio,
ativando a enzima glicocinase e a glicogénio sistet aumenta o fluxo na via

glicolitica e na via das pentoses; inibe a glicgéaese e glicogendlise (OSEI, 1999).

A captacdo da glicose pelas células do tecido niarséumediada pela insulina,
gue aumenta a sintese e a capacidade dos receaptogiisose (GLUT 4). Parte dessa
glicose captada é oxidada, mas a maior parte &formmada em glicogénio pela
glicogénio-sintetase muscular. Ainda no tecido mlac a insulina tem efeito
anabodlico no metabolismo das proteinas estimulamdeansporte de aminoacidos,
aumentando, em nivel ribossomal, a eficiéncia dwesso de traducdo e inibindo a

degradacéo protéica (SHULMAN, 2000).

No tecido adiposo, a insulina estimula a lipogéreeseibe a mobilizagdo dos
acidos graxos. Da mesma forma que no tecido muscaléhorménio atua nos
receptores GLUT 4 aumentando a sintese e a capadilis transportadores. Quando a
glicose combina-se com os receptores, é fosforilemeando oa-fosfoglicerato, que
sera utilizado como substrato na esterificacdo #@oslos graxos na sintese de

triglicéridios (SALTIEL & KAHN, 2001).

Além disso, a insulina acelera a captacédo de ago®s, que se encontram na
circulacdo em moléculas de lipoproteinas, comouilsmgicrons e a VLDL, através da
enzima lipase lipoprotéica. Esta enzima € estinaufgda insulina e catalisa a hidrolise
das lipoproteinas liberando os acidos graxos qu&oseaptados pelos adipdcitos e
combinados comu-fosfoglicerato, diminuindo, com isso, a formacé&os dcorpos

cetbnicos ¢p cif).
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A resisténcia insulinica é um distarbio metabdliccaracterizado pela
diminuicdo da capacidade dos receptores dos teedo@teragir com a insulina, e
consequente diminuicdo na captacao da glicose ptasmCom isso, ha um aumento
na concentracdo de glicose no sangue e, conseguseteecdo de insulina

compensatoria, levando a hiperinsulinemia (SIMGHXI&L 2003).

Durante o estado de resisténcia insulinica, podeorrer varios disturbios
metabdlicos no organismo, tais como hiperglicedigdoetes mellitusdo tipo 2,
dislipidemias/dislipoproteinemias, obesidade/olséd visceral, hiperuricemia,
aumento dos fatores pro-tromboticos e antifibrirens, elevacdo do fator de necrose
tumoral (TNFe) e de algumas interleucinas, bem como hiperterag@&oial sistémica.
Os principais 6rgéos e tecidos afetados sao oaedghoso, o tecido muscular, o figado

e 0s rins @p cif).

No tecido adiposo, a resisténcia insulinica ed@ci@ada com a diminuicao
dos niveis de HDL-c, na formacao de uma LDL atemag@que € menor e mais densa,
aumento nos niveis plasmaticos de triglicéridide & LDL-c. Estas alteracdes lipidicas
e lipoprotéicas podem ocorrer devido a estimulaig@ibpase lipoprotéica nos capilares
do tecido adiposo, liberando com isso, grandes tagleates de acidos graxos livres
provenientes das VLDLs, que seguem pela circulggia o figado, aumentando a
sintese hepatica de triglicéridios, o que provocanseqiuentemente, desordens
metabolicas, como, por exemplo, a esteatose hapatisteatoepatite, cirrose e
carcinoma hepatocelular (HOLZt al, 1998; OLIVEIRAet al, 2004; CUSSONS®t al,

2005).
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As LDLs sédo afetadas em sua composicdo, pois sddupdas a partir de
VLDLs anormais, incorporando em suas moléculas dgan quantidades de
trigliceridios, tornando-se desse modo, mais siv&sta hidrolises pelas lipases
hepaticas e lipoprotéicas, resultando em LDLs d#iquéas menores, mais densas e
aterogénicas, que sao fagocitadas pelos macrofagoslo origem as “células
espumosas”, que sao as principais responsaveiscprteudo de colesterol das placas

de ateroma (BORGGREVé& al, 2003).

Paralelamente, ocorre uma redugao na concentragad@Ls, por mecanismos
gue ainda nao estdo bem elucidados, tais como:oquéilo da transferéncia de
apolipoproteinas e de fosfolipidios das lipoprasiricas em triglicéridios para a HDL;
a troca entre colesterol que foi esterificado @#leacdo da enzima lecitina colesterol
aciltransferase (LCAT) na HDL e o conteudo triglideco na VLDL; elevada atividade
da lipase hepética, a qual facilita a depuracablldha e alteracées na funcao hepatica,
tais como a inibicdo da producédo da Apo A-l, a@pal apolipoproteina da HDL, e/ou

a inibicdo da secrecéo de HDL nascente (GINSBER#32005).

1.5 Apolipoproteina E versusmetabolismo de lipidios.

Aléem de fatores ambientais, diferentes fatores insécos influenciam no
metabolismo lipidico. Os fatores genéticos séao rdet@ntes para ditar o ritmo
metabolico de cada individuo ou grupos especifamsndividuos. Dentre os fatores
genéticos, o gene polimorfico da ApolipoproteingApo E) tem sido muito estudado

nos ultimos anos (MERKEEt al, 2002).
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A Apo E é uma glicoproteina anfipatica de aproxiamadnte 34 KDa, formada
por 299 residuos de aminoacidos. No plasma, a Apestk presente em diversas
lipoproteinas, nas quais possui varias funcoestralers quais manter a estrutura e
regular o metabolismo (MAHLEY & RALL, 2000). Sudsncdes no metabolismo
lipidico estdo relacionadas a mediacdo do recomteeto e internalizacdo hepatica de
lipoproteinas ricas em triglicerideos (TRLs), gomilorons e VLDLs, e seus
remanescentes através de sua acdo como liganteld® LRP e HSPG (MAHLEY &
HUANG, 1999; HARRIS, EVANS & OWEN, 2006) e tambéntexidos periféricos

(HAGBERG, WILUND & FERREL, 2000).

Além disso, a Apo E também tem papel fundamentalnmedabolismo das
lipoproteinas ricas em colesterol, como LDL, em gtua na distribuicdo de colesterol
para os tecidos periféricos, nos quais este lip&atlizado principalmente na sintese
de membranas e como precursor de hormoénios ester@d ainda como constituinte
de algumas fracdes de HDL contribuindo com o trarisgreverso de colesterol através
da participacdo desta apolipoproteina na intermgdia hepatica destas lipoproteinas

(MAHLEY, 1982; MAHLEY & INNERARITY, 1983).

Além de atuar como ligante de receptores, a Apméagparticipa na ativacédo de
diversas enzimas envolvidas no metabolismo de ligiefnas, dentre as quais, pode-se
mencionar as lipases hepaticas, a Proteina def@rénsia de Colesterol Ester (CETP)

e LCAT (GREENOW, PEARCE & RAMJI, 2005)

O gene da Apo E, nos seres humanos, esta localimadbraco longo do
cromossomo 19 (19913.2) (MASEMOLA, ALBERTS & URDAI2007), bastante

proximo e com sobreposicado parcial aos genes da @yloe LDLR (JACKSON,
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BRUNS & BRESLOW, 1984). O gene tem 3,6 kilobases @& introns (4 éxons) e
forma uma proteina precursora de 317 aminoaciddiRANECKE, BROWN &
GOLDSTEIN, 1984).

O polimorfismo existente na Apo E foi primeirameikescrito nos estudos do
pesquisador alemdo Uttermann e seus colaboradoned 997 e 1980 utilizando
focalizacdo isoelétrica e por Zannis e Breslow €81] utilizando eletroforese bi-
dimensional (UTERMANNet al 1980; ZANNIS & BRESLOW, 1981). As trés
principais isoformas da Apo E, chamadas E2, E3,es&d produtos dos trés alekis
(Ié-se épsilon)e3, 4. Trés fenotipos homozigotos (APOEZ2/2, E3/3 e E4&/4rés
heterozigotos (Apo E2/3, E2/4, E3/4) provém da esgiio de dois destes trés alelos
(MAHLEY, 1988).

As modificacbes que dado origem a estes trés alalmmtecem em dois
nucleotideos presentes no éxon 3 e formardo pestejoe diferem nos aminoacidos
112 e/ou 158. A Apo E3 possui um residuo de cigtamposicdo 112 e um residuo de
arginina na posicao 158, enquanto a Apo E2 contems disteinas (Args> Cys) e a
Apo E4 contem duas argininas em ambos os siticg {&y Arg) (MAHLEY & RALL,
2000). Foi relatado que o polimorfismo da Apo Ee@@dovocar até 20% da variacdo
dos niveis de Apo E plasmaticos (KAPRaOal, 1991).

Desde a descoberta da existéncia da Apo E temusdads sua participacdo no
metabolismo lipidico (UTERMANNet al, 1977). No decurso destes estudos tem sido
observada uma grande importancia do polimorfism@elme da Apo E na génese de
disturbios metabdlicos de grande interesse pasagi@despublica do mundo (BRESLOW

et al 1982; ALVIM et al, 2010).
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Doencas como as DCVs e o Diabetes Mellitus tip@&spem as maiores taxas de
morbi-mortalidade entre as DCDNTs e estdo fortemessociadas a disturbios no
metabolismo lipidico/lipoprotéico, no qual a Apo dsta intimamente relacionada

(FERREIRAet al, 2011; TAOet al, 2011).

O elegante trabalho de Lahoz e cols. (2001) aptadera partir déd-ramingham
Heart Studydemonstrou um aumento do risco de desenvolvimeéatdoenca arterial
coronariana (DAC) em homens portadores do atdlomesmo quando eliminada a
influéncia da idade e de outros fatores de risomac diabetes, tabagismo, pressao
arterial sistélica, indice de massa corpérea atngi@ ventricular esquerda (LAHO&t
al, 2001). Outros estudos também tém encontradoiagées significativas entre Apo
E4 e Doenca Cerebrovascular Isquémica (MCCARRONLONES & ALBERTS,
1999). Além disso, enquanto portadores do atdlapresentaram risco um pouco
maior de desenvolver DAC do que individue8/e3, portadores de Apo E2

apresentaram risco 20% menor (BENN&Tal, 2007).

Além dos disturbios cardiovasculares, as dislipidemtambém apresentam
relagdo bem estabelecida com o diabetes mellifps 8. Individuos diabéticos
frequentemente apresentam niveis elevados dec#iiifieos e diminuidos de HDL-c
(TOCCI et al, 2011). De maneira que o interesse para o estadmfthéncia do
polimorfismo da Apo E nestes individuos tem prodaaiiversos estudos ao longo das
dltimas décadas (WEMt al, 2011). Recentemente, uma elegante meta-analise —
utilizando 30 estudos e mais de 13000 individuospresentou dados bastante

relevantes para este entendimento. Foi observagl@ quesenca de Apo E2 é um fator
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de risco independente para o desenvolvimento ddewdia mellitus tipo 2

(ANTHOPOULOS, HAMODRAKAS & BAGOS, 2010).

Outros estudos tém encontrado associacédo de Apgori4 Sindrome Metabdlica
X em idosos (TAOet al 2011), mas ndo em pacientes com obesidade morbida
(FERREIRA et al 2011). Também tem sido relatado que pacientebétitas
portadores de4 apresentam duas vezes mais risco de desenvotairdenDoenca de
Alzheimer (DA) (PEILAet al, 2002) e lesbes mais graves entre os individuos2a

(MESSIER, 2003; MARTINSt al 2006).

2 JUSTIFICATIVA

Apesar de alguns estudos reportarem alteracdesbalies ocorridas em
processos patolégicos que envolvem danos hepasobsetudo na esquistossomose
cronica, ainda sdo divergentes as opinides quanpapel dessas desordens metabdlicas
na patogénese das DCDNT, tais comaliabetes mellitusresisténcia insulinica e
doencgas cardiovasculares (DCVs), bem como a foeteaqual o polimorfismo do gene

da Apo E interage com estas alteragdes.

Desta maneira, 0 estabelecimento de dados quenpassautilizados com fins de
auxiliar no diagnostico e/ou prognostico, bem caraavaliacdo de predisposi¢do e na
investigacdo de fatores de risco para essas p&s/ague possam acometer pacientes
com esquistossomose, mesmo apdés o tratamento rasttpao, sdo considerados de
grande importancia para melhoria das condigcbesdieevlongevidade deste grupo de

individuos.
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3 OBJETIVOS

3.1 Geral

Investigar a presenca de fatores de risco para DB individuos portadores da

esquistossomose mansonica cronica.

3.2 Especificos

Obter um grupo de individuos portadores de escsstnose crbnica e
outro grupo de individuos saudaveis para compaupagcontrole.
Determinar o perfil lipidico (colesterol total, dglicerideos, HDL-
colesterol, LDL-colesterol e VLDL-colesterol) emdts os individuos
participantes da pesquisa.

Quantificar as concentragfes plasméticas das Aptdimas A-l e B das
amostras obtidas e determinar a relacdo Apo B/ApodA os todos
individuos participantes da pesquisa.

Acessar 0 risco para desenvolver DCVs nos indivddumm
esquistossomose a partir dos indices CT/HDL-c, IdIHPL-c e Apo
B/Apo A-L.

Quantificar as concentragcdes plasmaticas de LDHama.

Determinar os niveis plasmaticos de glicose e imsutle todos os
individuos participantes da pesquisa.

Avaliar a presenca de resisténcia insulinica asradé HOMA-IR
(Homeostasis Model Assessment Insulin Resistaeceja relacdo
trigliceridios/HDL-colesterol.

Obter DNA genbmico e determinar os genétipos dedaddividuos
participantes.

Determinar as frequéncias dos alelos e genétipagede da Apo E nos

individuos participantes.
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* Investigar a associacdo dos alelos e gendtipoAma E com as

alteracdes lipidicas observadas nos individuos.
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Abstract

Worldwide, estimated 200 million people are affectyy schistosomiasis. During the
HS from several metabolic changes are observed lynainthe lipid metabolism.
Dislipidemics are directly relationship with cardascular diseases (CVD). Sit still
controversial role of lipid changes caused by fob@miasis in the pathogenesis of
CVDs. Thus, the present study aimed to evaluatgttential risk of developing CVD
in patients HS and HSS across lipid profile, Ca&ehdex, Apo A-1, Apo B, Apo
B/Apo A-l ratio and LDL-ox. The infected individusalpresented lower levels of TC,
LDL-c, HDL-c, VLDL-c, Triglycerides, Apo A-lI, Apo Band high levels of LDL-
oxidized when compared to control group. No hadhifcant difference of Castelli’'s
index and Apo B/Apo A-l ratio between groups. Désplecreased lipids levels, the
infected individuals presented high levels de LDdidized an independent risk factor
to develop CVDs. Still, the alterations observedha lipid profile and Apo A-lI and
Apo B plasma levels decreased the sensitivity efitldex to characterize predisposition
to CVDs in these individuals. Thus this study opamsew perspective for investigating
the development of CVDs in individual with chromdiseases suggesting the existence

of a mechanism independent of elevation of plaspidsl.

Key words: Chronic Schistosomiasis, Lipids, LDL-oxidized.
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1. Introduction

Worldwide, approximately 200 million people are emfled by schistosomiasis. A
parasitic disease that can last for more than Adsyevhose form hepatosplenic (HS) is
the most advanced stage. In this stage are obseneed damage liver and spleen.
Sometimes being required splenectomy in hepatosplémdividuals (HSS) for
improving the hemodynamic status of the patient (1.

During the HS from several metabolic changes assied mainly in the metabolism
of lipids and lipoproteins, such as reduction iagpha levels of total cholesterol (TC),
triglycerides, cholesterol of very low density Igrotein (VLDL-c), cholesterol of low
density lipoprotein (LDL-c) and cholesterol of hidipoprotein density lipoprotein
(HDL-c), beyond peroxidation of erythrocytes menmardipids and decreased activity
of enzyme lecithin cholesterol acil-tranferase (LIJA03, 04].

Besides the report of reduced plasma TC and LDévels caused by schistosomiasis
[03, 05, 06], it is also reported that such reductof lipids levels has no effect on
atherosclerosis development [07]. The role of lipithnges caused by schistosomiasis
in the pathogenesis of cardiovascular diseases €\WBmains controversial. One
possible factor may be some differences observédeem human and rodent lipid
metabolism [08]. Furthermore, studies have reportbat decreased plasma
concentration of TC and LDL-c in lipid profile doe®t exclude the possibility of
developing CVD requiring the evaluation of othdvdeatorial parameters such as Apo
A-l, Apo B, Apo B/Apo A-I ratio and LDL-oxidized (DL-0x) plasma concentrations
[09, 10].

Apo A-l is a major protein component of HDL, an iaatherogenic lipoprotein.
However Apo B is the main component of atherogdipiaproteins. Epidemiological
studies have reported a correlation between higresaof the Apo B/Apo A ratio [09]
beyond Castelli’s | index (TC/HDL-c), Castelli’'s ihdex (LDL-c/HDL-c) [10] and
increased of risk to develop CVD. Furthermore, k®Lis considered an independent
factor to CVDs since their chemical and structuralodifications stimulates
phagocytosis by macrophages yielding the foam ¢tle#ls migrate into layer intimal of

the arteries trigger the atherosclerotic proce$s2, 13].



44

Thus, the present study aimed to evaluate the pateisk of developing CVD in
patients HS and HSS across lipid profile, Casteiidex, Apo A-I, Apo B, Apo B/Apo
A-l ratio and LDL-ox.

2. Methods
2.1. Ethical Statement

The whole study was planned and executed followirey Ethical Guidelines of the
Helsinki Declaration. A written informed consent svabtained from all participants
after a full explanation about the scope of thelgtsuch as objectives, procedures and
potential risks, and signed an informed conserneéstant before inclusion in the study.
Ethical approval for all procedures was obtaineamfithe committees on the ethics of
human research of Center for Health Sciencddniversidade Federal de Pernambuco
(Protocol No. 359/09).

2.2. Study subjects

A hundred eighten individuals with chronic schistesasis guided by ultrasound
service of the gastroenterology outpatient atHlspital das Clinica®f Universidade
Federal de Pernambuc@HC-UFPE) enrolled this study. All patients wen@\pously
characterized on the basis of schistosomiasis fdfarsy eight healthy individuals with
the same socioeconomic background, without epidegiial history compatible with
schistosomiasis and three negative stool exammatMVe considered subjects excluded
from the study if they presented the following @al conditions: Hepatitis B or C virus
infection, diabetes mellitus diagnosed, chronicnki disease, thyroid dysfunction or
cancer. Individuals who were taking lipid-loweridgugs anytime within the past year

were also excluded.
2.3. Processing of samples and measurement of bieahistry parameters

Blood samples were collected into tubes with EDTiAn¢/ml) and the plasma was
obtained after centrifugation (Sorvall, USA) at ©5@g for 15 minutes Plasma

concentrations of total cholesterol, triglycericdesl HDL-cholesterol were determined
by enzymatic-colorimetric methods (Roche-USA), whlasma levels Apolipoprotein

A-l and Apolipoprotein B were determined by immuwmrbidimetric assay (Roche-
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USA), by using the Cobas ¢501 (Roche-USA). Plasmacentration of LDL-
cholesterol and VLDL-cholesterol was calculatedtty Friedewald's equation (LDL-c
= TC — HDL-c — (TG/5). The Castelli’'s index was assed by Castelli & Framinghan
(1983): TC/HDL-c (Castelli's index I) and LDL-c/HDt (Castelli's index II) [10].
Levels of LDL-ox were obtained by Enzyme-Linked lnmmosorbent Assay — ELISA —
Mercodia (Sweden) [13].

In order to access liver function, aspartate amamsferase (AST), alanine amino
transferase (ALT), alkaline phosphatase (ALP) aachma glutamyl transferase (GGT)

and albumin plasma levels were quantified by cotetric assays.
2.4 Statistical analysis

Results were expressed as mean + Standard Erron N&&.M.). The differences
among groups were obtained by analysis of vari#ABEOVA). Statistical significance
for all comparisons was assigned®&D.05, and all tests were performed using Statview
for Windows (EUA, 1998).

3. Results

From the total of 118 infected individuals, 62 ({@@n/29 women) presented HS form
and 56 (30 men/26 women) were characterized HSB age mean 4818 years. The
control group presented 48 healthy individuals r&61/22 women) with age mean 4416

years. No significant differences by gender or ageng groups were observed.

HS and HSS patients presented increased hepatymeszvalues and decreased levels
of albumin, when compared control group (Table (Rlasma levels of TC, LDL-c,
HDL-c, TG, VLDL-c (Figure 01), Apo A-l1 and Apo B {ure 02) were significantly
lower in the HS and HSS when compared to controugr Otherwise, infected
individuals showed significant high levels of LDik-qFigure 03). There were no
significant differences in the values of the ApdApod Al ratio (Figure 02) or Castelli
index among groups (Figure 04).
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4. Discussion

Infection states, mainly when cause hepatic damage relationship with metabolic
disorders, in special to lipids metabolism [14]. rOwatients presented several
alterations in the lipid profile and in hepatic gaweters used for liver function

monitoring.

The high levels of the hepatic enzymes and loweelteserum albumin presented by
ours infected patients showed existence of hepaiicage and impairment of synthesis
liver function respectively. These findings wereaalobservedn other study with
schistosomiasis patierasd attributed this fact to aggression liver dugremulomatous

reaction and subsequent liver fibrosis [15].

In the infected individuals were observed lowerels of TC and LDL-c similar to
those observed in other studies [16, 17]. The desec on the plasma concentrations of
TC and LDL-c in these subjects may be related t@mua factors, such as the fact®if
mansoni be unable to synthesize cholesterol, getting it amdocytosis of LDL
molecules, through surface receptors expressedatysipe [18, 19, 20]; decrease in
activity of the LCAT resulted in a decrease in tireulation of lipids [04] and synthesis
of natural antibodies to cholesterol in chronidanimatory reactions, which are related
to the metabolism of cholesterol by opsonizatiof, [22]. Studies also report that
during the course of chronic schistosomiasis oceumrsncrease in the population of

macrophages and altering function to phagocytasise LDL [23].

Despite schistosomiasis promote decreased levelsTOf and LDL-c, is still
controversial role of these reductions as a pratedactor for atherosclerosis in these
individuals. Work using Apo E deficient mice, infed by cercariae and getting fat diet
showed a reduction of atherosclerotic plaque winengroup bought uninfected that
getting same diet [05]. On the other hand, ano#ierilar experiment with Apo E
knockout mice and fed with a diet hyperlipidemiat being infected by percutaneous
application of eggs ofS. mansoniweekly observed that infected individuals had
atherosclerotic plaques similar to uninfected irdinals [07].

Furthermore our infected patients showed diminidbedl of HDL-c that is considered

atheroprotective factors. Others studies also weftated the HDL-c reduction in
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infection byS. mansonin your study using primates of the spediaglithrix jacchusas
an experimental model by S. mansoni similar to msndhe author reported that the
decreased levels of HDL-c may be related to redastevity of LCAT [04]. Others
works also reported that this reduction may bati@hship with an overexpression of
the enzyme phospholipase A2, which is responsiteirfcreasing the catabolism of
HDL particles from circulating in infection and lalmmation states [24, 25].

In addition, the infected subject showed high LDLjgdasma levels. In a study with
animal model, has observed that animals submittadftammatory stimuli have high
levels of LDL-ox in plasma and would be a respadinem the host organism [26]. The
chemical and structural alteration present in th@eoule of LDL-ox stimulates the
phagocytic activity of macrophages, resulting ie trmation of foam cells that trigger
the atherosclerotic process. This makes the LDLaoxindependent risk factor to

develop atherosclerosis [27].

The plasma levels of Apo A-I, Apo B and values Ap@\po A-I ratio had being with

markers to evaluate risk of develop CVDs [28]. TAgo A-l, major component of
HDL-c is considered a atheroprotective factor wifilgo B is a major component of
VLDL-c, IDL and LDL-c an atherogenic factor [29,]30

In this study the infected patients presented @eserdevels of both apolipoprotein.
These finding that can be associated with decrelagpdtic synthetic function observed
in these patients. Furthermore, studies in subjeittssevere hepatic disease noted that
they had reduced levels of Apo B and these valvesagatively correlated with the
severity of steatosis presented [31]. Other wodoreed that in fibrotic disease occurs
inhibition of triglycerides synthesis and accumiglatof fatty free acids and consequent
increased fibrosis [32]. In addition, the infectedividuals presented a decreased in the
hepatic synthesis function, demonstrated by loweels of albumin. The liver is main
site of Apo A-1 and Apo B synthesis [33].

Thus, these results suggest that even presented levels of TC, LDL-c, VLDL-c and
Apo B ours infected patients presented a potenséal for CVDs due mainly to high
levels of current LDL-ox, an independent risk facto develop atherosclerosis.

Including these alterations observed in the lipidfie and Apo A-I and Apo B plasma
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levels seems reduced the applicability of the amtbwy index to characterize

predisposition to CVDs in these individuals. Thhs tstudy opens a new perspective
for investigation the development of CVDs in casianfectious chronic diseases
suggesting the existence of mechanisms indepemalepialitative alterations of plasma

lipids and lipoproteins.
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Table 01 Liver functions tests in HS Schistosomiasis patients and controls
subjects.

Hepatosplenic Patients

Characteristics Controls Hepatosplenic Hepatosplenic
Splenectomized

Subjects (N) 30 30 30
AST (U/L) 22.7£1.6 54.5+7.8* 55.5+4.6*
ALT (U/L) 10.6x£3.2 35.9+6.4* 49.7+6.1*
ALP (U/L) 70.715.1 150.9+14 .4** 138.2+21.4*
GGT (U/L) 56.6+10.3 288.4+50.1** 130.5+21.1**
Albumin (g/dL) 4.61+0.08 4.01+0.11** 4.21+0.17*

Values expressed as meanztStandard error (SE). One-way ANOVA followed
by Fisher’'s PLSD post test. *p<0.05, **p<0.01 vs Control.
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Figure 01. Plasma Levels of TC, LDL-c, HDL-c, Tygérides, VLDL-c of the
groups. Values expressed as me#andard error (SE). One-way ANOVA
followed by Fisher's PLSD post test. *p<0.05, **p8@vs Control.
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Figure 02. Plasma Levels of Apo A-l, Apo B and s wf Apo B/Apo A-I ratio
of the groups. Values expressed as mi8tandard error (SE). One-way ANOVA
followed by Fisher's PLSD post test. *p<0.05 ***p£01vs Control.
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Figure 03. Plasma Levels of LDL-ox of the groupsalués expressed as
meartStandard error (SE). One-way ANOVA followed by e PLSD post
test. ***p<0.001vs Control.
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(Castelli’'s index 1) there was no significanceweegn groups.

56



57
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Abstract

Context. Schistosomiasis is a parasitic disease that caesesis injuries to the liver, and these
may be associated with alterations in insulin ahaemic metabolism, even in absence of
dyslipidemia feature of the state of insulin remisie.Objective: The main objective was to
investigate insulin resistance in individuals witepatosplenic mansonic schistosomiasis,
splenectomised and non-splenectomiggekign, Setting, and Participants:A cross-sectional
study was conducted in 129 patients with hepatogplenansonic schistosomiasis, from
Hospital das Clinicas Brazil, characterized by ultrasonography, suloididi into two groups —
83 Hepatosplenic (HS), and 46 Hepatosplenic Sptenésed (HSS) — plus 111 control
individuals, in 2011-2012.Main Outcome Measires: Total Cholesterol (TC), HDL-
cholesterol, LDL-cholesterol, VLDL-cholesterol, @iycerides (TG), fasting plasma glucose
and insulin, Homeostasis Model Assessment Insudisistance — HOMA-IR, and lipid ratios
(TC/HDL-cholesterol, LDL-cholesterol/HDL-cholestéroand TG/HDL-cholesterol) were
determined.y® test, ANOVA and Pearson’s correlatiop<Q.05) were usedResults: HS
patients had lower levels of TC and LDL-cholesterdowever HSS patients presented
concentrations of these lipids similar to thosenfbun control group. HS and HSS presented
higher levels of HDL-cholesterol and lower levefsT& and VLDL-cholesterol, as well as, the
values of the lipid ratios. HS and HSS patientsrditipresent correlation or presented negative
correlations with TG, VLDL-cholesterol, and TG/Hdholesterol, respectively, different from
that found in control subjects, which presenteditpes correlations expected to insulin
resistance and lipidsConclusion: Despite nonexistent or negative correlations Wit and
with the lipid ratio TG/HDL-cholesterol, hyperingndmia/insulin resistance state was present
in these hepatosplenic mansonic schistosomiasenpst

Key words: Hepatosplenic Mansonic Schistosomiasis, Insulinsif@nce, Absence of
Dyslipidemia, Lipid Ratios



59

Introduction

Liver exerts an important role in the homeostadiscarbohydrates promoting the
balance of the plasma glucose concentration. Heplideases that promote liver dysfunction
are potential factors to trigger alterations incgiynic metabolism. Some studies have indicated
the possibility that these changes have a closeciasi®n with insulin homeostasis disorders

(1)

Insulin resistance is the major and/or the pricatdee of the diabetes, metabolic
syndrome, cardiovascular diseases, i. e., a sefiehronic degenerative noncommunicable
diseases most prevalent around the world (2-3). thEtmore, the state of
hyperinsulinemia/insulin resistance in liver chioidiseases is emerging as a very important
metabolic disturbance of host with viruses, aseeample hepatitis C, host with cirrhosis, or
with some kind of parasites, like the gerg&chistosomaand this alteration in the response of
the organism to the insulin has been related tata$es development, onset and progression of
fibrosis, and alterations in the response of tha tthe conventional treatments (4-5).

Schistosomiasis is a parasitic disease presenégions of tropical and subtropical
climates and, approximately, 200 million peoplevorld are infected by the disease. In Brazil,
the etiologic agent of schistosomiasisSshistosoma mansothat infects about 2,5 million
people (6-7). The pathology of the schistosomigsi€omposed of two stages, acute and
chronic. The chronic phase is characterized by comemt of organs and tissues caused by
granulomatous reactions and fibrosis, which arévatetd by the deposition of parasite eggs.
The chronic phase is subdivided into three subgshaw forms of the disease: Intestinal
Schistosomiasis (IS); Hepatointestinal Schistosemigl); and Hepatosplenic Schistosomiasis
(HS). HS stage is the most advanced in which tleatgst damage occurring in the hepatic
parenchyma, portal hypertension and liver congestamd sometimes the patients require
splenectomy surgery for removing the spleen (H89)(

Mansonic schistosomiasis still affects a good pathe population, and the possibility
of its presence is related to the framework of hiyselinemia and insulin resistance,
concomitantly to the liver damage, makes to seeithsill has many issues to be studied and
understood about this pathology, including the ibsdink endocrine and metabolic disorders
and the infectious and parasitic diseases. Besiblespresence of impaired glucose tolerance
was observed in hepatic schistosomiasis, in 19d#jrbthe following decades there was an
apparent lack of studies relating diabetes, formgta, and schistosomiasis (10). However in the
last years, this hypothesis has become to be raésebinew studies have been made, and the
results have been presented discordant of thisatienemphasized by the fact that the lipid
profile in mansonic schistosomiasis patients igdbathan in individuals without the contact
with this parasite, since that one of the majoraabmalities seen in individuals with insulin
resistance is the dyslipidemia feature with inceeas triglycerides and decrease in HDL-
cholesterol levels (11-14). It was suggested thigction with Schistosomamansonj in turn,
may prevents insulin-dependent diabetes mellitiesxperimental animals, and it was observed
an association between previous schistosome iofeaid a lower prevalence of diabetes and a
better metabolic profile in rural Chinese (14, 1Gh the other hand, it was reported a relation
between insulin an&chistosomalt was highlited the role of the insulin on dey@inent of
schistosomula, pointing to the fact that this hanmareatly increases both the rate and the
extent of resistance of schistosomula to antibodied complement system. Besides, insulin
receptors have been identifiedSehistosom@ponicumthat can bind to human insulin, and the
insulin regulates the glucose uptakeéirhistosomanansoni(16-18).

Thus, depending on the speciesSahistosomathe stage of the disease, the degree of
liver involvement, on the presence of treatmenthd patient was splenectomized or not, and
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also depending on the population studied, and e tombined with the damage that
hyperinsulinemia/insulin resistance may cause ihgslack of studies on the subject, it is
essential that the possible dysfunction in glucos¢abolism and insulinemic profile continues
being evaluated in the chronic liver disease —ssakomiasis.

Therefore the present study aimed to investigaseliim resistance in patients with
hepatosplenic mansonic schistosomiasis, splenestainand non-splenectomised, and to access
the lipid and lipoprotein profile, to investigategsible correlations between insulin resistance
and lipid concentrations. Besides, the presentystwdluated the lipid ratios known as Castelli
indexes, | (Total Cholesterol/LDL-cholesterol) atid (LDL-cholesterol/HDL-cholesteral),
which are indexes to access the probability of oenice and development of cardiovascular
diseases; and the lipid ratio Triglycerides/HDLgsterol, that is a possible marker to insulin
resistance and to access cardiovascular risk.

Materials and Methods
Ethical Statement

The whole study was planned and executed follovtitey Ethical Guidelines of the
Helsinki Declaration. A written informed consentsaabtained from all the participants after a
full explanation about the scope of the study, saslobjectives, procedures and potential risks.
Ethical approval for all procedures was obtainednfthe committees on the ethics of human
research of Center for Health Sciences oflUinéversidade Federal de Pernambug®rotocol
N°. 359/09).

Study subjects

A hundred twenty nine patients that presented tBdd#m of mansonic schistosomiasis
attended into the Gastroenterology Outpatient eHitspital das Clinica®f the Universidade
Federal de Pernambucwere recruited from 2011 to 2012. These patiergsevdivided into
two groups — HS without splenectomy surgery (n =3886% of the total of participants); and
HSS patients who suffered splenectomy surgery46;=19.2% of the sample). All patients had
a history of contact with water within an endemieaa The diagnosis of schistosomiasis was
based on clinical history, physical examination amd upper abdominal ultrasonography
conducted by a qualified and experienced examiaecording to the WHO protocol for
ultrasound assessment of schistosomiasis-relatexbidity (19). Moreover, 111 (46.2%)
healthy individuals from same socioeconomic coodgi without epidemiological history
compatible with schistosomiasis enrolled this staayl composed the control group. Three
stool examinations were taken in control grouponder to exclude infection, by the Kato-Katz
method. The subjects were excluded if they presemie following clinical conditions:
Hepatitis B or C infection, chronic kidney diseasigyroid dysfunction, collagenosis, blood
diseases or cancer. Patients also were excludetieif reported alcohol abuse (>60 g
ethanol/day for men and >40 g/day for women) or wéelipid-lowering drugs. The
hepatosplenic schistosomiasis patients were treaibdpraziquantel (50 mg/Kg) prior to the
study.

Processing of samples and measurement of biochematiparameters

Blood samples were collected into vacuum tubessigptic conditions (Vacutainer;
Becton Dickinson, USA). The first tube contained EBR3 (1 mg/mL) at a 1:9 ratio using for
determination of insulin levels and the second twith Sodium Fluoride (1 mg/mL) was used
for glucose determination while the third bloodlection tube, without anticoagulant, was used
for liver function and lipid profile analyses. Béss, the plasma and serum were isolated after
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centrifugation (Sorvall, USA) at 1500 xg for 15 mies and the all samples were stored in 0.5
ml aliquots at -80° C.

Plasma concentrations of insulin were obtainedlbgtechemiluminescence “ECLIA”
(ROCHE-USA) using Cobas C501 analyzer (ROCHE-USAasma levels of glucose, total
cholesterol (TC), triglycerides (TG) and HDL-chdk®l (HDL-c) were determined by
enzymatic spectrophotometry (Roche, Diamond DiatiteysUSA). LDL-cholesterol (LDL-c)
and VLDL-cholesterol (VLDL-c) were determined byidetewald equation [LDL-c = TC —
HDL-c — VLDL-c; VLDL-c = TG/5]. Lipid ratios of cadiovascular risk, Castelli indexes | and
I, were assessed through TC/HDL-c and LDL-c/HDL-c.

Insulin resistance was accessed by HomeostasisIMadessment Insulin Resistance —
HOMA-IR [fasting glucose (mmol/L) x fasting insulipU/ml)/22.5] and TG/HDL-c ratio (20,
21).

Hepatic tests were also evaluated using hepatignes aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline ghlmatase (ALP)y-glutamyltransferase
(GGT) and albumin levels were quantified by aut@daspectrophotometry (Cobas C501,
Roche, Diamond Diagnostics, USA).

Statistical analysis

The results were expressed as mean * Standard @&riddean. One-way analysis of
variance (ANOVA) followed by Fisher’'s protected déaignificant difference (PLSD) was used
to compare continuous variables among groups. &&arsorrelation test was used to estimate
the association between continuous parametergaedt to compare categorical parameters, as
gender, to investigate this possible confusion alde. Statistical significance for all
comparisons was assigned at P < 0.05. All teste werformed using Statview SAS Inc. (1998,
NC, USA).

Results

Among the 240 subjects that participated of thislgt the means of age (+ S.E.M.) in
the three groups were: 49.9 + 1.4 years in HS piati@8.1 + 1.3 years in HSS; and 48.0 + 1.6
in control group. Thus, statistical differencesatet! to age were not found among the groups.
The same was observed to geng@r=4.180; p = 0.1237).

Biochemical parameters that reflect liver functiare demonstrated in Table 1. In
summary, patients with mansonic schistosomiasisgmted lower serum levels of albumin, and
increased levels of the liver enzymes, when contptwehe levels obtained from the control
group. HSS patients had significantly higher lew#I&GT than HS patients.

Serum lipid concentrations and lipid ratios wersoaletermined and their values are in
Table 2. HSS patients presented concentrationsCoid LDL-c similar to those found in the
control individuals, unlike what happened in the Hb@&tients. This group had lower
concentrations of TC and LDL-c when compared todetrol group, and the levels of LDL-c
were also significantly lower in HS group than thd®und in HSS. On the other hand,
concentrations of HDL-c were significantly higher subjects with mansonic schistosomiasis
than in healthy individuals. However, concentrasiaf VLDL-c, triglycerides, and the lipid
ratios (TC/HDL-c, LDL-c/HDL-c, and Triglycerides/HDc) were significantly decreased in the
patients with hepatosplenic mansonic schistosos)jiesgardless of splenectomy.

HS and HSS patients had plasma levels of glucadeststally identical, as shown in
Figure 1. However, the plasma levels of insulin evsignificantly higher in the patients with
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hepatosplenic form of the mansonic schistosomiagith or without removal of the spleen,
when compared with the levels found in individualso have never come into contact with the
parasite, also as shown in Figure 1.

HOMA-IR values were significantly increased in H8cfease of approximately 45%)
and HSS (increase of almost 70%) patients when aoedpto values obtained in the control
group. Values of HOMA-IR and statistical differesa@mong the groups are in Figure 2.

Table 3 shows the correlations between the valtieBOdA-IR and the levels of lipids
as well as between the values of HOMA-IR and tHeesof the lipid ratios, in HS and HSS
patients and in healthy individuals. The HOMA-IRues correlated positively and significantly
to levels of TC, LDL-c, VLDL-c, Triglycerides, ando values of TC/HDL-c, and
Triglycerides/HDL-c, in normal individuals, withomansonic schistosomiasis. HS patients did
not present significant correlation between HOMAW&ues and lipid concentrations and lipid
ratios. In turn, HSS patients showed significantre&ations, however negative correlations,
between HOMA-IR values and levels of TriglyceridesDL-c, and the lipid ratio TG/HDL-c.

Discussion

Bloodworth (1961) already highlited the associatioh several disturbances of
carbohydrate metabolism with chronic liver diseag22). However, nevertheless this
association remains under discussion. Fartoux .e2805) reported a possible relationship
between insulin resistance and hepatitis C, a ébdorer disease, and their study showed that
insulin resistance is the cause than the consequarbrosis and steatosis in individuals with
hepatitis (23). Kruszynska et al. (1991) observaat cirrhotic individuals, after taking oral
glucose, responded with a hypersecretion of insdlino 6 times longer than the response
obtained by the control group (24). Though Wangle€2008) did not find association between
insulin resistance and hepatitis B, another chrbwvée disease (25).

In our study, the patients with hepatosplenic maitsechistosomiasis, regardless the
splenectomy, presented normal glycemia, howevesetipatients also presented increase in the
insulin  plasma levels and higher HOMA-IR values, owimg a tendency for
hyperinsulinemia/insulin resistance. In turn, Chatnal. (2013) have suggested a protecting
effect of the schistosoma infection against diadesince rural Chinese presented a lower
prevalence of diabetes when had a history of ptsvizhistosome infection (14).

On the other hand, the findings of Sukkar, Omed BhDin Ahmed (1974) already
indicated that a degree of glucose intolerance rsacuhepatic schistosomiasis even before the
development of ascites (10). However insulin rasis¢ in hepatic schistosomiasis is still
discussed, considering that individuals with mamns@thistosomiasis present a better lipid
profile, as reported by Chen et al. (2013) (14¥ simce hyperinsulinemia/insulin resistance are
directly related to certain lipid disorders — hytpgiyceridemia and decrease of the levels of
HDL-c, as defined by Reaven (2005) (3).

In the present study, it was observed that patievitt hepatosplenic mansonic
schistosomiasis, even without changes in the glutmgels, may have insulin resistance despite
the absence of dyslipidemia feature. We found ttatpatients with mansonic schistosomiasis
in the hepatosplenic form, regardless of whethesehpatients made splenectomy surgery,
presented a significant reduction in the levelsriglycerides and in the cholesterol content of
their correlated lipoprotein, VLDL-c, which corrofades with Stanley et al. (2009) (26).
Besides, HS and HSS patients presented lower vaidse lipid ratios, TC/HDL-c, LDL-
¢/HDL-c, and Triglycerides/HDL-c; and HS patientsosed no correlation between their
HOMA-IR values and lipid concentrations or lipidics values, though TC/HDL-c and LDL-
c/HDL-c are two important predictors of cardiovascuisk, as described by Castelli (1983)
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(27), and though Triglycerides/HDL-c is a good egate marker for insulin resistance and a
candidate to estimate the cardiovascular risk,uggested by Reaven (2005) (03). It is still
unclear the role of schistosomiasis in the geneksitherosclerotic cardiovascular disease, as
can be seen in Doenhoff et al. (2002) (11) whenrasted with La Flame et al. (2007) (12).

Our results also demonstrated a negative corral&@iween insulin resistance, through
HOMA-IR values, with Triglycerides and TriglycerslélDL-c, in splenectomised patients, i.e.,
even with lower levels of triglycerides and Trigymes/HDL-c, the values of HOMA-IR
increased considerably. This tendency for insudsistance may contribute to increased hepatic
and systemic injury, as warned by Dandona et #032 (28), Fartoux et al. (2005) (23).
Another study, of Kostandi et al. (2011), also wsuamgainst the presence of insulin resistance in
chronic liver disease. Kostandi et al. (2011) (6&)orted an increased HOMA-IR score in
subjects with chronic hepatitis C reflecting theisteence of IR irrespective of treatment
response. In the schistosomiasis, the increaseOMAHR is based in the increase of insulin
plasma levels, perhaps the parasite causes stiomulatt this production, trough inflammatory
response. High levels of IL-17, as observed instoBbmiasis patients by Mbow et al. (2013)
(29), were associated with insulin resistance bghra et al. (2012) (30). It also was shown
that fibrosis was associated with hyperinsulinemiaon-diabetic patients, as reported Kimura
et al. (2011) (31). Possibly hyperinsulinemia oscuwtue to diminished hepatic insulin
degradation rate in patients with hepatosplenic soaic schistosomiasis, as suggested by
Pimenta et al. (2003) (32), to the hyperinsulinemiedividuals with hepatitis C.

HS patients also presented lower levels of TC abBdl-t, which corroborates with
Lima et al. (1998) (33) who have suggested thathtwesterol content in the plasma decreases
with concomitant increases in erythrocyte membrangth Doenhoff et al. (2002) (11), who
proposed a reduction in blood total cholesterol cemtrations by modulating host lipid
metabolism; and with La Flamme et al. (2007) (¥#)p emphasize that the chronic exposure to
Schistosomanansonieggs causes a reduction in the concentration<Codrid LDL-c, possibly
due to a possible increase in uptake by macrophagewever, splenectomised patients
presented concentrations of TC and LDL-c similathtose found in the control individuals.
These findings corroborate with results of anotitady conducted in our laboratory, Silva et al.
(2002) (34), in which it was observed that indiathiundergoing splenectomy also showed
plasma concentrations of TC and LDL-c similar te ttontrol group. However, regardless
splenectomy, hepatosplenic patients had levels DE-E| in this study, higher than control
individuals, disagreeing with Doenhoff et al. (2DG21) and corroborating with Chen et al.
(2013) (14). Our patients also had decrease inm@tbweoncentration and increase in hepatic
enzymes, demonstrating an impairment of liver dysfion, according to Mansour et al. (1982)
(35).

Thus, despite a better lipid profile with lower centrations of TC, LDL-c and
Triglycerides, higher concentrations of HDL-c, dader values of lipid ratios which predict a
lower cardiovascular risk, this risk, as well as tisk to diabetes, and to metabolic syndrome,
regardless lipid alterations, may be increasedagstihe hyperinsulinemia/insulin resistance state
Is installed in hepatosplenic mansonic schistossisiiaplenectomised or non-splenectomised,
remembering that this state of insulin resistaree io turn trigger many other diseases and
metabolic disorders. Hence individuals with chrosebistosomiasis should be monitored, even
after treatment to schistosomiasis, in order tovgmethe development of insulin resistance and
its consequences.
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TABLE 1. Biochemical Parameters of Liver Function of Patients with Hepatosplenic Schistosomiasis
Non-splenectomized (HS) and Splenectomized (HSS) and Healthy Controls.

. Hepatosplenic Patients p-value
Characteristics Controls
HS HSS Cvs. HS Cvs. HSS HS vs HSS
Albumin (g/dL) 4.46+0.03  4.05%0.05 4.01 +0.05 <0.0001 <0.0001 ns
AST (U/L) 23.8+0.5 452+25 469+1.9 <0.0001 <0.0001 ns
ALT (U/L) 21.8+0.4 38.8+2.2 43.1+2.6 <0.0001 <0.0001 ns
ALP (U/L) 68.1+4.9 137.0+5.6 132.6+8.1 <0.0001 <0.0001 ns
GGT (U/L) 58.5+7.0 120.4+ 8.9 237.4+8.9 <0.0001 0.0006 ns

Abbreviations: AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; AP, Alkaline
Phosphatase; GGT, Gamma Glutamyl Transferase; ns, no significance. Values expressed as
meanzStandard error (SE). One-way ANOVA followed by Fisher's PLSD post test.
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TABLE 2. Serum Lipid Concentrations and Values of Lipid Ratios in Patients with Hepatosplenic Form
of Schistosomiasis, Non-splenectomized (HS) and Splenectomized (HSS), and Healthy Controls.

. Hepatosplenic Patients p-value
Characteristics Controls
HS HSS Cvs. HS Cvs. HSS HSwvs HSS
TC (mg/dL) 197.4+33 178.8+4.8 189.5+6.0 0.0012 ns ns
LDL-c (mg/dL) 1239+2.7 102844 121.6+5.1 p<0.0001 ns 0.0026
HDL-c (mg/dL) 45.3+0.8 56.0+1.4 57.3+1.6 p<0.0001 p<0.0001 ns
VLDL-c (mg/dL) 254+1.0 17.8+0.7 15.4+0.7 p<0.0001 p<0.0001 ns
TG (mg/dL) 140.1+7.7 88.0+3.4 81.8+4.5 p<0.0001 p<0.0001 ns
TC/HDL-c 461012 3.36+x0.11 3.45+0.11 p<0.0001 p<0.0001 ns
LDL-c/ HDL-c 3.06+0.08 1.98+0.10 2.27+0.11 p<0.0001 p<0.0001 ns
TG/HDL-c 337+£019 1.76+0.09 158%0.11 p<0.0001 p<0.0001 ns

Abbreviations: TC, Total Cholesterol; TG, Triglycerides; ns, no significance. Values expressed as
meanzStandard error (SE). One-way ANOVA followed by Fisher's PLSD post test.
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FIGURE 1. Plasma Levels of Glucose (A) and Insulin (B) in Individuals with Hepatosplenic form
of Mansonic Schistosomiasis, Non- splenectomized (HS) and Splenectomized (HSS), and in
Healthy Controls. Values expressed as meanzStandard error (SE). One-way ANOVA followed
by Fisher’'s PLSD post test. **p<0.001 and ***p=<0.0001 vs Control.
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FIGURE 2. Values of the Homeostatic
Model Assesment — Insulin Resistance
(HOMA-IR) in Patients with
Hepatosplenic Form of Mansonic
Schistosomiasis, Non- splenectomized
(HS) and Splenectomized (HSS), and in
Healthy Controls. Values expressed as

meantStandard error (SE). One-way
ANOVA followed by Fisher's PLSD post
test. *p<0.05 and ***p<0.0001 vs Control.
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TABLE 3. Correlation Between Insulin Resistance (HOME-IR Value and Serum Lipid Concentrations
and Values of Lipid Ratios, in Patients with Hepatosplenic Form of the Mansonic Schistosomiasis,
Non-splenectomized (HS) and Splenectomized (HSS), and in Healthy Controls.

Parameters Groups R 95% ClI p value
Control 0.219 0.090 to 0.341 0.0010

TC (mg/dL) HS -0.128 -0.320 t0 0.075 0.2148
HSS 0.035 -0.246 t0 0.310 0.8113

Control 0.152 0.019to0 0.279 0.0257

LDL-c (mg/dL) HS -0.092 -0.287 t0 0.110 0.3727
HSS 0.070 -0.213t00.341 0.6322

Control -0.031 -0.162 t0 0.101 0.6457

HDL-c (mg/dL) HS -0.185 -0.367 to 0.009 0.0619
HSS -0.018 -0.295 t0 0.262 0.9030

Control 0.173 0.040 to 0.300 0.0107

VLDL-c (mg/dL) HS -0.008 -0.206 t0 0.191 0.9392
HSS -0.340 -0.565 to -0.068 0.0152

Control 0.192 0.062 to 0.316 0.0039

TG (mg/dL) HS -0.007 -0.109 to 0.096 0.8971
HSS -0.317 -0.547 to -0.042 0.0246

Control 0.168 0.037 t0 0.293 0.0123

TC/HDL-c HS 0.002 -0.198 t0 0.203 0.9818
HSS 0.018 -0.262 t0 0.295 0.9026

Control -0.081 -0.213 t0 0.053 0.2334

LDL-c/ HDL-c HS -0.013 -0.213t0 0.188 0.9021
HSS 0.062 -0.220t0 0.335 0.6704

Control 0.187 0.057 to 0.311 0.0050

TG/HDL-c HS 0.102 -0.100 to 0.297 0.3229
HSS -0.279 -0.517 to -0.001 0.0492

Abbreviations: TC, Total Cholesterol; TG, Triglycerides. Pearson’s Correlation.
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Abstract

Background: Schistosomiasis mansoni is a chronic liver disealieh is related to
some metabolic disturbances. Apolipoprotein E palgghism has been reported to
modulate lipid metabolism. The aim of this studyswa evaluate the influence of
APOE polymorphism on the lipid metabolism of sobssimiasis mansoni patients.

Methodology/Principal Findings: Blood samples were used for measurement of lipid
parameters (Total Cholesterol, LDL-c, HDL-c and glycerides) and for APOE
genotyping. APOE alleles frequency were similarween healthy (n=108) and
schistosomiasis (n=84) individuals (p=0.3568). Ssomiasis patients showed
reduced levels of Total Cholesterol (25%), LDL-8%® and Triglycerides (32%) amid
healthy individuals. However, among schistosomiasisents, onlye2 ande4 alleles
account for such variation. Otherwise, HDL-c levelsre significantly increased in
schistosomiasis (10%) compared with control subjéctt it was caused only by tl@
ande4 carriers, not the3 carriers.

Conclusion/Significance:Plasma lipid modifications during schistosomiasisur in a
different manner according to APOE alleles. Theswalifigs open the way to
identification of new metabolic pathways and molacutargets of treatment for
morbidities associated to schistosomiasis and otiped associated diseases, as
cardiovascular disease and diabetes.

Short title: APOE Polymorphism in Schistosomiasis mansoni.

Keywords:Schistosomiasis, ApoE Polymorphism, Cholesteraglycerides.
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Author Summary

Schistosomiasis is a liver parasitic disease afettaflipid human metabolism. Our
study aim was to evaluate the influence of APOEymolrphism on the lipid
metabolism of schistosomiasis mansoni patients. dbgerved by analyzing blood
samples and by APOE genotyping of 84 patientsrilavant differences in the manner
how hepatosplenic schistosomiasis affects plasnaéesterol and triglycerides levels
are associated to APOE polymorphism. Our findingsnothe way to identification of
new metabolic pathways and molecular targets @itritent for morbidities associated
to schistosomiasis and other lipid associated desaas cardiovascular disease and
diabetes.

Introduction

Schistosomiasis, caused [8chistosoma mansorworms, is one of the most
prevalent parasitic diseases. More than 200 milpeople are infected and at least
280,000 people dies because of schistosomiasisy exyear worldwide, mostly in
developing countries (Van der Werf, 2003; Gryse2(:,2).S. mansoncauses severe
hepatic fibrosis associated with portal blood hygsion. Around 5-7% of patients
progress to the most severe form, hepatosplenic.

It is generally reported that schistosomiasis caussmluced plasma levels of
cholesterol and triglycerides (Gillet, 1989; Doefihd002; Ramos, 2004). On the other
hand, it is also reported that such reduction dflesdterol levels has no effect on
atherosclerosis development (La Flamme, 2007)inkitr aspects of the host may be
related to these different observations.

One possible factor that might affect host lipidtate®lism is Apolipoprotein E
(APOE, gene; ApoE, protein) polymorphism. There three major alleles;2, €3 and
¢4, which correspond to three main protein isofordspE2, 3, and 4. ApoE3 has a
cysteine residue at position 112 and an arginirsedue at position 158, while the
ApoE2 contains two cysteines and ApoE4 contains @wginines, at both sites
(Papaioannou, Simons and Owen, 2012).

ApoE is widely distributed among lipoproteins inialn orchestrate the regulation of
cholesterol and triglycerides plasma levels vasrat@nd is involved in other functions
not directly related to its role in lipid metabolis APOE polymorphism is also related
to influence susceptibility or severity of somesaciions (Wozniak et al, 2003; Tursen et
al, 2004; Burt et al, 2008; Wang et al, 2009). Hesve it remains unclear whether the
lipid modification induced by schistosomiasis iskied to the lipid modulation caused
by APOE different alleles. Thus, the aim of thigdst was to evaluate the influence of
APOE polymorphism on the lipid metabolism of sobssimiasis mansoni patients.

Methods

Ethical Statement

The whole study was planned and executed followlregEthical Guidelines of the
Helsinki Declaration. A written informed consentsaabtained from all the participants
after a full explanation about the scope of thelgtsuch as objectives, procedures and
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potential risks, and signed an informed consenéstant before inclusion in the study.
Ethical approval for all procedures was obtaineamnfithe committees on the ethics of
human research of Center for Health Sciences ofJfFPotocol No. 359/09).

Study Area and Subjects

Eighty-four patients attended into the Gastroetbgno Outpatient at thélospital
das Clinicasof Federal University of Pernambu@dFPE) were recruited from 2009 to
2010. The control group was formed by 108 healtigjviduals of the same age groups
(18 to 65 years) from the same socioeconomic backgt without epidemiological
history compatible with schistosomiasis and thregative stool examinations. We
considered subjects excluded from the study if theysented the following clinical
conditions: Hepatitis B or C virus infection, chrokidney disease, thyroid dysfunction
or cancer. Individuals who were taking lipid-lowegi drugs anytime within the past
year were also excluded.

All the volunteers lived inZona da Mata an endemic area in the state of
Pernambucpin the northeastern region of Brazil. Hepatosigleé®chistosomiasis was
evaluated by physical examination and upper abdamiftrasound,conducted by a
gualified and experienced examiner, according ® \MHO protocol for ultrasound
assessment of schistosomiasis-related morbiditgndy Working Group, 2000). The
hepatosplenic schistosomiasis patients (SM) haddlyhepatosplenomegaly and were
treated with praziquantel (50mg/Kg) prior to thedst

Sample collection and Processing

Venous blood samples were drawn into evacuateds todetaining EDTA (0.562M)
after a 12-h fasting period. Plasma was separatiginw2 h after collection by
centrifugation at 150@x (10 min at 4 °C), stored at -20°C and used fadlgnalyzes
within 24 h. Whole blood samples were stored at@-&nd used for genotyping
analysis within 7 days.

Biochemical Measurement

Plasma total cholesterol (TC) and triglyceride (T&®hcentrations were assayed by
routine enzymatic methods. Cholesterol of high dgnkpoprotein (HDL-c) was
measured also using enzymatic method after pratipit of the plasma with
phosphotungstic acid in the presence of magnesams. iCholesterol of low density
lipoprotein (LDL-c) was calculated by the Friedesvdbrmula in patients whose TG
levels were< 400 mg/dL (Santos et al, 2009).

Examination of APOE genotype

Genomic DNA was extracted from leukocytes in sangblerhole blood, following a
standard salting-out technique (Miller, Dykes & &&#ly, 1998). Genotypes for APOE
polymorphisms (rs7412 and rs429358) were detecteghdbymerase chain reaction
(PCR) (Kim et al, 2010). The amplified fragmentsrevéhen digested with the enzyme
Hhal (5 Units) for three hours and the restrictfoagments were identified with 4%
agarose gel electrophoresis and ethidium bromaleisg (0.5 mg/L).
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Genotyping was performed with blinding to subjedernitity. Sequence-proven
controls were run with each PCR. A random 1/24aphigles were genotyped again on
another day; no discrepancies were observed.

Statistical Analysis

Unpaired t-test or one-way ANOVA followed by FislseProtected Least Significant
Difference (PLSD), when concerning to APOE allefeups, were used to compare
differences among continuous variables of SM androbindividuals.y? goodness-of-
fit test was used to test the deviation from Havdginberg equilibrium for each
polymorphism ang? test to compare categorical parameters among grégrelation
Z test was used to estimate de association beta@@muous parameters. Quantitative
variables were expressed as mean + standard émoedia, while qualitative variables
were expressed as absolute frequencies (percent@gelues less than 0.05 were
considered to be statistically significant. All tsttical analysis were performed using
Statview SAS Inc. (1998, NC, USA).

To evaluate the effect of APOE genotype schistoasimimansoni infection, subjects
were categorized into three group&: carriers £2/e2 + €2/e3 genotypes)s3 carriers
(e3/e3 genotype) andc4 carriers £4/e4 + €4/e3 genotypes). In each model, the
homozygouse3/e3 genotypes formed the reference group. Six indadsl €2/¢4;
3.13%) were excluded from the analysis becausénefputative opposite effects of
these two alleles.

Results

In this cross-sectional study, the two groups waedched by age and gender, as
shown in Table 1. The frequency of APOE alleles agn@articipants weres2 —
11.46%,e3 — 71.35%, and4 — 17.19%. All SNPs were found to be in accordamitle
Hardy-Weinberg equilibrium for both SMA(= 3.4164$=3, p=0.3318) and contro}{
= 3.2518,$=3, p=0,3544) subjects. The allele frequencies wetestatistically different
between healthy and SM groups (p=0.3568), indigatitat APOE polymorphism was
not able to affect the chance of schistosomiasexiion in this population.

Overall, the SM patients showed significantly (B8). differences among the lipid
markers of cardiovascular disease risk comparetig¢chealthy controls with reduced
levels of TC (25%), LDL-c (38%) and TG (32%) amid Sndividuals. Otherwise,
HDL-c levels were significantly increased in SM §a0compared with control subjects
(Table 1).

In order to assay the APOE polymorphism influence lipid parameters, we
performed the analysis differentiating them by AP@lEeles. Lower TC and LDL-c
levels were founded in the/e3 genotype of SM individuals, as observed withdigle
differentiation Figure 1A-B). However, those disturbs founded for TG and HDL-c
among overall SM patients has not been found aftele differentiation Figure 1C-

D). Thee3/e3 genotype analysis allows us to access the infli@h schistosomiasis to
lipid metabolism without the possible interferiragfors from the inclusion eR ande4
alleles in the evaluation.
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Despite the decrease observed on TC leveBdbM group, botlk2 groups showed
similar TC values, which may be correlated withspi@ HDL-c markedly increase
(77%), but not LDL-c, in SM group. Since a posito@relation between TC and HDL-
¢ (R=0.724; p=0.0250) but not between TC and LO(Rs0.225; p=0.5750) amor«
SM carriers were observed. We further observed #rabng SM subjects2-carriers
showed increased TC levels theBrcarriers. Unlikee3 SM group,s2 carriers showed
slightly significant decreased TG levels.

The lipid improving effect caused by schistosonsigsersisted om4 healthy allele
carriers. Although there has been no significaffedince on TG and HDL-c levels of
e3-carriers, they occurred a4 SM individuals. This group showed increased HDL-c
(39%) and reduced TC, LDL-c, and TG (65%) levelsipared with healthy controls.

Discussion

The report of a host genetic factor influencingdiparameters brings considerable
progress to our understanding of what are the pathwof lipid metabolism
modification induced by schistosomiasis mansoni daiv host background can
influence such progress.

Several studies have shown ApoE influence on imdectusceptibility and damage
in the case of certain diseases caused by ba¢Waag et al, 2009), viruses (Burt et al,
2008), protozoa (Wozniak et al, 2003) and fungir§én et al, 2004). Our data suggest
that ApoE does not affect susceptibility to schestoiasis infection, at least in
hepatosplenic subjects. Gene studies with schistiesis infected individuals found
significant association of some cytokines relatethimune response against infection.
However, resembling to our results, none of therseoled relation between APOE
gene locus and overall schistosomiasis (Marqual, 4996; Dessein et al, 1999).

Schistosomiasis infection was able to modify pladipia parameters in a manner
similar to cardioprotective one. Decreased plashwdesterol levels were also shown in
previous studies from our and others laboratori@aguanimal models (Lima et al,
1998; Ramos et al, 2004; Doenhoff et al, 2002; laanine et al, 2007; Stanley et al,
2009) and with humans (Silva et al, 2002). Doenledfal, 2002 associated decreased
cholesterol levels with atheroma reduction in APKBckout mice. Despite them, La
Flamme et al, 2007 observed that chronic exposusehistosome eggs does not induce
reduction of atherosclerotic lesion in APOE-knodkamice although there was
cholesterol decrease.

Schistosomiasis may induce cholesterol reductioarbynteraction of the LDL with
the S. mansontegument, as observed by Tempone et al, (199@gesting a possible
mechanism of LDL internalization and cholesterahowe from host serum by adult
worms via proteins similar to LDLR. Otherwise, iafi®en with worms of same sex was
not able to induce cholesterol lowering in micea(y et al, 2009), indicating that
adult worms alone are not responsible for decrgasholesterol levels and eggs are
needed to induce such effect. Schistosomiasis rsaypovoke cholesterol reduction
through egg-induced antibodies production againgid | epitopes carried by
lipoproteins, leading them to endocytosis by neatiiis (Sprong et al, 2006). Similarly
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to Stanley et al, 2009, we observed TC and LDLeucéion although SM patients had
been previously treated.

Besides TC and LDL-c levels reduction, we obseristteased HDL-c levels.
Previous studies with mice observed HDL-c reduct@nno significant variation
(Doenhoff, et al, 2002; La Flamme et al, 2007). réehare some differences regarding
the content of lipids into lipoproteins between launms and rodents. Humans exhibit
LDL-c levels in a higher proportion of TC than miead rats (Lima et al, 1998). In
addition, acute infections are reported to inhiygoA-I synthesis and provoke low
HDL-c levels (Pruzanski et al, 2000) similar to eh&d in those studies. This process
has not been observed in states of chronic inflatmand fibrosis as SM patients in
this study.

On the other hand, early studies showed that iorébrinflammation states, as some
forms of arthritis or chronic renal disease, theerse cholesterol transport and the
antioxidant properties of HDL are impaired (Natargj Ray and Cannon, 2010;
Saemann et al., 2010). Although patients studigd de not exhibit active infection,
HDL dysfunction may be occurring due to oxidatioe had previously observed
elevated levels of erythrocyte lipid peroxidatiam ¢hronic schistosomiasis patients
treated before the study (Facundo et al, 2004).

SM patients also showed decreased TG levels. Ranhas, 2002 also observed
reduced TG plasma levels in primates reinfectedsbynansoniSuch effect may be
caused by diminished hepatic expression of acetghzyme A acyltransferase, one of
the enzymes participants of fatty acid synthesleserved by Harvie et al, 2007Sn
mansoni infected mice. This effect may be occurring evenabsence of active
infection, non-infectious associated pulmonaryd#is was reported to cause reduced
plasma levels of TG (lanello et al, 2002).

In humans, APOE polymorphism has been reportedetaelsponsible for plasma
cholesterol levels variation around 10%. Dissiniiles among alleles receptor affinities
have been accounted for such variation. ApoE4 stehgistly greater receptor-binding
capability than ApoE3, but ApoE2 has only 2% anéb4tinding activity to the LDLR
and LRP, respectively (Papaioannou, Simons and Q2@&lP). We observed relevant
differences, regarding to APOE polymorphism, in tm@anner how hepatosplenic
schistosomiasis affects plasma cholesterol anty¢egdes levels.

The SM patients showed increased HDL-c levels,itowias caused only by the
ande4 carriers, not the3 carriers. The putative inhibitory effect of sebsomiasis on
reverse cholesterol transport seems to only pradsamificantly effects on HDL-c
levels among?2 ande4 carriers. Additionally, Hirata et al, 2012 obsshhigher HDL-c
levels in transgenic mice carrying CETP after iftiol of this enzyme, such effect was
positively related to the presence of ApoE on HDRittigles. Since ApoE2 have higher
affinity to HDL particles (Mahley, Weisgraber andi&hg, 2009) and decreased activity
of CETP has been related in acute inflammatiorestéhovidhunkit et al, 2004 it is
possible that exist decreased activity of CETPhirooic inflammation state observed in
schistosomiasis patients, which may be relatedgb RIDL-c values. In addition, the
ApoE2 have recognized low affinity to LDLR, it i®gsible that the presence of ApoE2
on HDL may influence the cholesterol uptake byrive
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On the other hand, ApoE4 shows low affinity to HRhd high affinity to LDLR,
features which refute in these individuals the putamechanism of increased HDL-c
levels reported t@2 carriers. However, it has been reported that Apbkve lower
antioxidant capability than the others isoforms yda and Smith, 1996), which can
lead to less lipoprotein protection against thedation state during the schistosomiasis.
Oxidized HDL is related to decreased reverse charelstransport (Natarajan, Ray and
Cannon, 2010; Saemann et al., 2010), which mayecagseased HDL-c levels.

SM €4 carriers showed lower TG plasma concentratioms thealthy controls.
Actually, there was no increase in TG levels in $bup as occurs to healthy
individuals. Previous studies reported higher leval TG among healthy4 carriers
(Almeida et al, 2006; Carvalho-Wells et al, 2018)ch fact lead us to believe that the
mechanism by which ApoE4 causes increased Tg levwelsnot present in
schistosomiasis patients. The physiological bakis r@mains relatively unknown, but
recent studies observed that reduced ApoE hepatigcling may be involvede4
carriers show lower ApoE mediated endocytosis asb@ated higher circulating TG
levels (Heeren et al, 2004; Heeren, Beisiegel ameiv@l, 2006).

In summary, our study points for the first timetthasma lipid modifications during
schistosomiasis occur in a different manner acogrth APOE alleles. These findings
open the way to identification of new metabolichyedys, new pathological processes
and, additionally, new molecular targets of treatmef morbidities associated to
schistosomiasis and other lipid associated diseamescardiovascular disease and
diabetes that will enable better life quality tsmdeeds of millions of people worldwide.
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Table 1
General, Genotype and Lipid parameters of partitgpaccording to
group.

Parameters* Control SM p-value
Age (years) 47.0+3.2 55.0 +2.3 0.0541
Female sex 78 63 0.7309
N total 108 84 -

£2 14 (13.0) 8 (9.5) -

€3 73 (67.6) 64 (76.2) -

¢4 21 (19.4) 12 (14.3) -
TC 1944+ 45 146.4+ 3.0 <0.0001
LDL-c 129.0+45 79.8+£2.7 <0.0001
HDL-c 43.4+1.4 479+2.7 0.0136
Tg 140.6 £11.9 95.8+2.8 <0.0001

SM, Hepatosplenic schistosomiasis patients; T@) ttolesterol; LDL-
¢, low-density lipoprotein cholesterol; HDL-c, higlensity lipoprotein
cholesterol; Tg, triglycerides; Continuous variablge presented as mean
+ standard error and were compared by unpairest tudereas categorical
variables are presented as absolute (relative)uémecjes and were
compared by the Chi-square test. *Plasma Lipidewepressed in mg/dL.
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Figure 1 Effect of APOE polymorphism on levels of circutagi Total Cholesterol (A), LDL-c
(B), HDL-c (C), and Tg (D) in Contro[[] ) and SN& individuals.*=p<0,05vs. Control of
the same allelea = p<0,05vs. 3 of same groug) = p<0,05vs.e2 of same group; = p<0,05
vs.e2 ande3 of same group.
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6 Conclusao

Contrastando com a diminuicdo dos niveis colestdaibl e LDL-c, a
esquistossomose promove aumento dos niveis de kidlada, um fator de
independente para desenvolvimento de DCV.

Esquistossomose cronica pode ser um fator predispenpara resisténcia
insulinica/hiperinsulinemia nos individuos infeaad

As alteracOes lipidicas ocorridas durante a essgssinose estao relacionadas com
o polimorfismo da Apo E.
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biochemistry, immunochemistry, biochemical aspaftfiematology, toxicology, and
molecular biology to the study of human diseaséady fluids, cells or tissues. The
objective of the journal is to publish novel infation leading to a better understanding
of biological mechanisms of human diseases, thevgntion, diagnosis, and patient
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Meeting announcements.
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for consideration. The responsibility for such mialeremains with the originatit
body.

Manuscript submission

Manuscripts should be submitted to the CCA web ati=+http://ees.elsevier.com/c
Submission is only possible online through this wete. Authors are required
transmit the text and art of the manuscript in tetegc form to this address.
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carried out and that, if accepted, it will not héblished elsewhere in the samem, in
either the same or another language, without theartt of the Edito-in-Chief and the
Publisher. Reference should be made to previoushlighed abstracts, etc. in t
introductory section.Responsibility for the accuracy of the material in the
manuscript, including bibliographic citations, lies entirely with the authors.
Relevant ethical approval must be noted for ingasitbns involving human or anim
subjects. Authors are invited to consult any mendfehe Editorial Board, if in doul
about any aspect of scope, format or content of a praposgapel
A submission letter should always accompany themsiidsd paper, providing th

following information
(a) The full name and address of the corresponalinigor (including telephone and f{
numbes and f-mail address

(b) Any known changes of address within a periodiwimonths after submission of t
paper.

(c) The type of paper (Original Research commuimoatShort communication, Lett
to the Editor, Critical Review et
(d) The full title of the submitted papt
(e) The names, addresses and telephone, fax-mail details (where possible) of thr
suitable, potential reviewers. If there are compegllreasons for excluding sor
individuals as potential reviewers, these may beitioeed. However, the ultimat
reviewer selection is at the Edit-in-Chief's discretior

We assume that all of the authors have approvedsabenitted manuscript. If th
assumption turns out to be incorrect, the manusurilp be withdrawn and will not b
published.

Closely related papers that are in press or that baen submitted elsewhere mus
includedwith the manuscrig
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Alan H. Wu
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For Europe, Australia and all other territorie
Joris Delanghe University Hospital Gen
Reviews from all area
Greg S. Makowsk
Hartford Hospital

The Editors-in€hief are responsible for the [fessional review of the manuscrig
Receipt of manuscripts by the Edit-in-Chief will be acknowledged. All materie
submitted becomes the property of C

Language Editing: Authors who are unsure of correct English usdugeilsl have thei
manuscriptchecked by someone proficient in the language. Menyts in which the
English is difficult to understand may be returntedthe author for revision befo
scientific review. The external services offered omr website are for yol
consideration only:
=wWww.elsevier.com/locate/languagepolist

With Asia Science Editing, Elsevier has negotiatdedhte of EUR 0.024 per wd (ca
EUR 6 per page). A EUR 10 handling fee per manpsesi added, if payment is t
credit card. Different rates apply for mathemrr-based manuscripts. Turnaround tim
typically 5 days

For all third party language editing recommendadjaall ineraction and responsibili
is between the Author and the Language Editor. bagg editing should not |
confused with the copgditing that takes place during the production psscafter
manuscript has been accep

Ethics of Experimentation: Scienific investigations involving humans or anim:
must have approval of the appropriate ethics cotemitWhen conducting scienti
research using human tissue and which is intendegdublication in CCA, authol
should follow procedures that are in ac@ance with the ethical standards as formul
in the Helsinki Declaration of 1975 (revised 1988jhen conducting experiments
animals, these be carried out in accordance wétteth (86./609/EEC), NIH guideline
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or local or national requirements for the care asel of laboratory animals. A statement
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receive proofs as a PDF file by e-mail. As acceggais based upon the submitted
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of proofreading; furthermore, no alterations tdestyr meaning will be permitted at this
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accuracy, will be checked by the Editors-in-Chiefdaa charge may be made for
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PREPARATION OF PAPERS
Authors should consult a recent issue of the jdumanake themselves familiar with
the conventions and layout of articles.

The entire text, including figure and table legeraisl the reference list, should be
double-spaced, leaving margins of approximatelyr3(& inch). All pages should be
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the paper. Since summaries are increasingly usedbstyacting services which will cut
off after a fixed number of words, it is importardt to exceed the maximum number of
words and to avoid bibliographic references and -standard abbreviations.

Text. After the Abstract, Original Research Communicatishould be organized in the
following format: Introduction, Materials and met®) Results, Discussion,
Acknowledgements, List of abbreviations, References
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Materials and method3he section Materials and methods should be @etahough



90

for readers to reproduce the experiments. Authioosild always refer to other work on
the same subject, indicating whether or not thegeeimental results are in agreement
with previous work. Conclusions drawn from expentsedescribed in the tables or
figures can often appear most conveniently in theesuRs section.
Result and Discussiofhe overall conclusions based on the work repostezlld be
given in the Discussion. In some cases, Results@isdussion sections may more
appropriately be combined than separated (at thiogs discretion). Every effort
should be made to avoid jargon, to spell out afi-atandard abbreviations the first time
they are mentioned and to present the contentiseotdy as clearly and concisely as
possible.

Reports of new or improved methods should be &g bs is consistent with clarity (up
to about 1000 words). They should unequivocallynide the element of novelty

claimed and the advantages over existing technol&grformance characteristics,
including effects of interfering substances, congmars with results of accepted
methods and reference values based on appropraggelgbion samples should be
documented by adequate data. Citing of earlieripatbns is preferred to repetition of
details for reagents, procedures, etc., which &m@ays in print. Nevertheless, the
information provided must suffice to allow readeyduplicate the work or to compare
the technique with current practice. Instrument kitcevaluations usually will not be

accepted unless a new principle is involved.
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consumption and the serum carbohyc-deficient transferrin test in thi-year medical
students. Clin Chim Acti 1998; 276:12-128

[2] Strunk W, White EB, The elements of style, thed. New York: Macmillan, 197

[3] Kennedy L. Glycation of haemoglobin and serunot@ins. In: Alberti KGMM,
DeFrorzo RA, Keen H, Zimmet P, editorinternational textbook of Diabetes Melli.
Chichester: John Wiley, 1992: ¢-1007.

Tables

Tables should be used sparingly; they should be os¢y when the data cannot
presented clearly in the text. Each table, every column should be provided with
explanatory heading, with units of measure cleartiicated. The heading of the tal
should make its general meaning understandableoutitteference to the text. Authc
are requested to consult recent issueCCA for the proper table layout. Cite each te
in the text in consecutive order. The Ec-in-Chief, on accepting a manuscript, n
recommend that additional tables containing impurbeckup data, too extensive to
published in the article, may beublished as supplementary material (see belov
deposited with the National Auxiliary PublicatioService or made available by t
author(s). In that event, an appropriate statewdhbe added to the text. Submit st
tables for consideration with e manuscrip

Figures

Figures should be used to illustrate experimenésults clearly. lllustrations fc
reproduction should normally be about twice thealfisize required as figures are of
reduced to a oneelumn width. Symbols, lettering andes should be sufficiently lar¢
and clear to be legible after reduction. Photogsaph tissues, cells, or subcellu
components should be included only when they asergml. For more detaile
instructions please visit  our artwork instruction agps at o
http://www.elsevier.com/artworkinstructic.

Colour Figures

Colour figures may be included in the article i thrinted issue, but generally tl
expense must be borne by the authors. Howeveagéther with your accepted artic
you submit usable colour figures, then Elseviet amisure, at no additional crge, that
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these figures will appear in colour on the Web .(eSgienceDirect and other sitt
regardless of whether these illustrations are hpred in colour in the printed versic
For colour reproduction in print, you will receiugormation regarmng the costs fror
Elsevier after receipt of your accepted article:. ore detailed instructions please v
our artwork instruction pages =+http://www.elsevier.com/artworkinstrucns [Please
note: Because of technical complications that a@gean converting colour figures

"grey scale" (for the printed version should you opt for colour in print), pleas
submit in addition usable bla-andwhite files corresponding to allhe colour
illustrations.] As only one figure caption may bged for both colour and black a
white versions of figures, please ensure that &geaptions are meaningful for bc
versions, if applicabl

Figure LegendsLegends should be collated, ty] doublespaced, numbered wi
Arabic numerals corresponding to the illustratioamsgd submitted on a separate ps
When symbols, arrows, numbers, or letters are tsetentify parts of the illustration
each should be explained clearly in the legeior photomicrographs, the internal sc
markers should be defined and the method of s@ishrould be given. The legen
should permit the figures to be understood withretérence to the text. If the figure
been previously published, a credit linhould be included and a permission le
supplied by the authe

Figures.Figure legends should be provided as text, platted e reference section
the main manuscript file. Number figures consea@lyiwvith Arabic numerals. Whe
creating your figres, use font sizes and line weights that willredpce clearly an
accurately when figures are sized to the apprapcgatumn width. The minimum lir
weight is 0.5 point. Thinner lines will not repragtuwell. Eliminate all excess whi
space from théorders of each figure. Do not include figure ledgenr other extraneol
text in a graphic file. For more detailed instroo8 please visit our artwork instructi
pages at =http://www.elsevier.com/artworkinstructio.

Quantities and units
These should be in conformity with internationadgirce relating to the use of Sl uni
thus concentrations of solutes of known moleculassnshould normally be stated
mol/l or recognized subultiples thereof (nmol/l, etc.). Other solutes wdo be
expressed in g/l, mg/l, etc. Reagent compositiog beaspecified either in molar terr
or in mass or volume of each solute per liter n&fisolution (% or w% should not |
used). Enzyme activitee should be reported in katals or U/l whenever iptssand
should be accompanied by a reference to, or aigéearof, the procedure used for t
measurements.

PREPARATION OF SUPPLEMENTARY MATERIAL
Elsevier now accepts electronic supplementary nal to support and enhance yc
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scientific research. Supplementary files offer &ddal possibilities for publishin
supporting applications, movies, animation sequ&nchigt-resolution images
background datasets, sound clips, and more. Supplany fies supplied will b
published online alongside the electronic versidnyour article in Elsevier We
products, including ScienceDire=+ http://www.sciencedirect.comFor more detaile
instructions  please  visit our artwork instruction pages  ates
http://www.elsevier.com/artworkinstructic

PUBLICATION

Copyright Transfer: Upon acceptance of an article, authors will be dskesiin a
"Journal Publishing Agreement” (for more information this and copyright se=s
http://www.elsevier.com/copyrig). Acceptance of the agreement will ensure
widest possible dissemination information. An email (or letter) will be sent to tt
corresponding author confirming receipt of the nsamipt together with a "Journ
Publishing Agreement" form or a link to the onlimersion of this agreeme

US National Institutes of Health (NIH) voluntary posting ("Public Access") policy.
Elsevier facilitates author posting in connectioithwthe voluntary posting request
the NIH (referred to as the NIH "Public Access Byl see &+
http://publicaccess.nih.gdvby submitting the pe-reviewed author's manuscr
directly to PubMed Central on request from the agthimmediately after fine
publication. Please mail us at NIHauthtorrequest@elsevier.com that ywark has
received NIH fundingwith the NIH grant/project number(s), as well asme and -
mail address of the Principal Investigator(s)) &mat you intend to respond to the N
request. Upon such confirmation, Elsevier will sutoto PubMed Central on yol
behalf a version of younmanuscript that will include pe-review comments, for publ
access posting 12 months after the final publicatiate. This will ensure that you w
have responded fully to the NIH request policy. fEheill be no need for you to pc
your manuscript dectly to PubMed Central, and any such posting nshipited
(although Elsevier will not request that manuserigtuthored and posted by |
government employees should be taken down from RgbMentral). Individue
modifications to this general policy mapply to some Elsevier journals and its soc
publishing partners

Proofs will be sent to the corresponding author of archtby email in a PDF file. Th
proof should be checked carefully and correctionslyding replies to a Query Forr
should be returned in ar-mail to Elsevier using the "reply" button withindays of
receipt. Only printer's errors may be correctedchanges in or additions to the edi
manuscript will be allowed at this sta

E-Offprints. The corresponding author, at no cost, will be ptedi with a PDF file o
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the article via e-mail or, alternatively, 25 freappr offprints. The PDF file is a
watermarked version of the published article ardlishes a cover sheet with the journal
cover image and a disclaimer outlining the termsd aconditions of use.

Author's rights
As an author you (or your employer or institutiomgy do the following:

+ make copies (print or electronic) of the article fgur own personal use,
including for your own classroom teaching use

+ make copies and distribute such copies (includmgugh e-mail) of the article
to research colleagues, for the personal use by swtleagues (but not
commercially or systematically, e.g., via an e-rhiailor list server)

« post a pre-print version of the article on Intemetbsites including electronic
pre-print servers, and to retain indefinitely swelnsion on such servers or sites

+ post a revised personal version of the final téxhe article (to reflect changes
made in the peer review and editing process) om peusonal or institutional
website or server, with a link to the journal homge (on elsevier.com)

« present the article at a meeting or conference tandistribute copies of the
article to the delegates attending such a meeting

« for your employer, if the article is a ‘work forréi made within the scope of
your employment, you employer may use all or parthe information in the
article for other intra-company use(e.g., training)

« retain patent and trademark rights and rights tp processes or procedure
described in the article

+ include the article in full or in part in a thesis dissertation (provided that this
is not to be published commercially)

+ use the article or any part thereof in a printechpitation of your works, such as
collected writings or lecture notes (subsequeniublication of your article in
the journal)

« prepare other derivative works, to extend the lariito book-length form, or to
otherwise re-use portions or excerpts in other wonkth full acknowledgement
of its original publication in the journal
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Normas para redacao de artigos para a revistaThe Journal of Clinical
Endocrinology & Metabolism”a ser submetido o artigo Il.

Instructions to Authors for The Journal of Clinical Endocrinology & Metabolism

Purpose and Scope

The Journal of Clinical Endocrinology & MetabolisfdCEM)publishes original
research articles, reviews, and other special featuelated to endocrinology and
metabolism in humans and human tissue.

Expectation of Ethical Conduct

The Endocrine Society's mission is to advance & in endocrinology and be an
integrative force in scientific research and medpractice. Such progress depends on
integrity in the conduct of scientific research anathful representation of findings.
Specific guidelines regarding the Society's expgxta for ethical conduct can be found
in the Code of Ethics of The Endocrine Society dahd Ethical Guidelines for
Publications of Research.

The journal editors and publication oversight cotteeis of The Endocrine Society are
dedicated to upholding high ethical standardsarmpiiblications and expect authors and
reviewers to do the same.

General Information

Manuscripts must be written in idiomatic Englishdaronform to the specifications
described below. Papers that do not meet thesareegents will be returned to the
author for necessary revision before formal reviBlanuscripts submitted t«CEM are
usually evaluated by peer reviewers who remain wmonis; but the disposition of
some manuscripts is determined by the editors aldathors of manuscripts requiring
modifications have two (2) months to resubmit aigiew of their paper. Manuscripts
returned after more than two (2) months will beateel as new submissions. An
unsolicited revision of a rejected manuscript wither be returned or treated as a new
submission, at the editor's discretion.

In response to a growing demand for online contéetJCEM is posting three types of
articles online only: Brief Reports, Hot Topics Translational Endocrinology, and
Advances in Genetics. The last two categories dresen by the editors upon
acceptance (see Dr. Wartofsky's Editorial)

All papers accepted during each publishing yeareligible for The Endocrine Society
and Pfizer, Inc. International Award for ExcellenoePublished Clinical Research in
The Journal of Clinical Endocrinology & Metaboliginformation at http://www.endo-
society.org/awards/JournalAwards/index.tfm

Manuscript Categories
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Reports of original research may be submittedGBMas an Original Article or Brief
Report. Other special categories of manuscriptsdaseribed below. All manuscripts
must adhere to the word count limitations, as $@ecbelow, for text only; the word
count does not include the abstract, referencelgune/table legends. The word count
must be noted on the title page, along with the bemof figures and tables.

+ Original Articles should be no longer than 3600 words and include no
more than six figures and tables and 40 referentks. Journal has a
special interest in publishing results of major gmective randomized
clinical trials, which may be eligible for submigsi throughEndocrine
Trials Expressa pathway for expedited manuscript review thatsato
provide an initial editorial decision within two wedes. Authors who wish
to request consideration Endocrine Trials Expresshould contact the
Managing Editor by e-mail _(sherman@endo-society.origefore
submitting their paper.

+ Brief Reports are succinct descriptions of focused studies vaithortant,
but very straightforward, negative or confirmatorgsults. These
manuscripts should be no longer than 1800 wordsimeidde no more
than two figures and tables and 20 references.

« Clinical Reviewsand otheReviewsshould address topics of importance to
clinical endocrinologists and endocrine clinicalestigators, including
scholarly updates regarding the molecular and leogbal basis for
normal physiology and disease states; the statleesést in diagnosis and
management of endocrine and metabolic disorderd; @her topics
relevant to the practice of clinical endocrinologyithors considering the
submission of uninvited reviews should contacted#&ors in advance to
determine whether the topic that they propose iswfent potential
interest to the Journal. These manuscripts shoalddblonger than 4000
words and include no more than four figures andetaland 120
references. Authors should include a brief sectieacribing the search
strategies used to obtain information for the nevie

+ Clinical Case Seminarsare descriptions of a case or small number ofscase
revealing novel and important insights into a ctindils pathogenesis,
presentation, and/or management. The case repgorbesaccompanied by
a concise scholarly review of the literature regagdelevant aspects of
the disorder. These manuscripts should be 2400 svordess, with no
more than four figures and tables and 30 references

« Extensive Clinical Experiencesare learned descriptions of substantial
clinical experience with a specific endocrine ortabelic disorder, or
class of disorders, by a single clinical endocgat or facility. This
experience should expose novel aspects of the toomdi presentation,
diagnosis, natural history, and/or treatment. Thaaauscripts should be
no longer than 3600 words and include no more fioan figures and
tables and 40 references.

« Position andConsensus Statementelated to the endocrine and metabolic
health standards and healthcare practices may lmnitted by
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professional societies, task forces, and other artias All such

submissions will be subjected to peer review, mustmodifiable in

response to criticisms, and will be published oiflythey meet the
Journal's usual editorial standards. These mamisghould typically be
no longer than 3600 words and include no more #ivafigures and tables
and 120 references.

Controversies in Clinical Endocrinologydescribe and justify different
approaches to diagnosis and/or management of patieth an endocrine
or metabolic condition. This feature typically cmts of a pair of
manuscripts authored by two individuals who thotight describe their
respective clinical perspectives on a problem,rthedated practices, and
the rationale and evidence supporting them. Thieeemtanuscript should
be no longer than 2400 words and include no maxe tivo figures and
tables and 30 references.

« Images in Endocrinologyare to be comprised of a single figure or two
closely related figures that illustrate the valdevisual information in
clinical diagnosis of endocrine and metabolic dieos, with a caption
that is 50 words or less, an accompanying commgiitat is 250 words
or less, and five or fewer references.

Commentariesare essentially uninvited editorials, which shocdshcisely
address and take a well-reasoned position on dytissgie of importance
to clinical endocrinologists and/or endocrine daliinvestigators. These
manuscripts should be no longer than 1200 words mit more than 10
references; no figures or tables are permitted.

Letters to the Editor may be submitted in response to work that has been
published in the Journdlettersshould be short commentaries related to
specific points of agreement or disagreement witie tpublished
work.Letters are not intended for presentation of original dataelated
to a published articld.etters can only be submitted electronically via the
Journal website, by clicking on the link entitle8ubmit a Letter to the
Editor" on the abstract page or the article itseHtters should be no
longer than 500 words with no more than five congleferences, and
may not include any figures or tables.

Manuscript Submission Procedures

JCEMonly uses electronic manuscript submission at dgdit Manager
(http://jcem.edmgr.coin

If this is your first submission to an Endocrinect&ty Journal, click on "Register Now"
to create an author account. If you already havacaount from a previous submission
to any of The Endocrine Society's Journals, entarr yusername and password to
submit a new or revised manuscript. If you havegdtten your username and/or
password, e-mail the editorial office (sherman@esaitety.ory for assistance.

Note that your author account is the same J@EM Endocrinology Molecular
Endocrinology andEndocrine ReviewsAuthors should be aware that in submitting a
manuscript for consideration BCEM they are submitting their paper to The



98

Endocrine Society Central Journals Office datababé;h is accessible by the Editors-
in-Chief of all the Society's journals.

All submissions must include:

« A cover letter requesting that the manuscript balueted for publication
in JCEMand any information relevant to your manuscrigseihere on
the submission form authors may suggest up to dpecific reviewers
and/or request the exclusion of up to three others.

Assignment of Copyright and Disclosure of Poten@ahflict of Interest is
part of the online submission process. At the tohesubmission all co-
authors will receive authorship verification emadits which they must
respond. It is imperative that all co-authors aseetl on the submission
forms and their email address be correct.

At least three key terms.

Completed Disclosure Summary on the title page. iRstructions on
preparing the summary, see the following page
(http://jcem.endojournals.org/site/author/Requireuiks. pdj.

Authors are encouraged to submit a PDF for théalmsubmission. See the
instructions on the JCEM homepage. If you do subwoniginal files,
Editorial Manager will create a PDF of your fildgyt it may take some
time depending on the size of the files.

Manuscript Preparation

General Format

The Journal requires that all manuscripts be subdin a single-column format that
follows these guidelines:

«+ All text should be double-spaced with 1-inch masgam both sides using
11-point type in Times Roman font.

All lines should be numbered throughout the entiranuscript and the
entire document should be paginated.

All tables and figures must be placed after the ssxd must be labeled.
Submitted papers must be complete, including tie page, abstract,
figures, and tables. Papers submitted withoutfalhese components will
be placed on hold until the manuscript is complete.

Authors are encouraged to cite primary literatather than review articles
in order to give credit to those who have donedttiginal work.

Any supplemental data intended for publication nmset the same criteria
for originality as the data presented in the manpc
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Title Page

The title page should include the following:

« Full title (a concise statement of the article’'gonaontents)

Authors' names and institutions. At least one penmsast be listed as an
author; no group authorship without a responsitdetypis allowed. A
group can be listed in the authorship line, buyam behalf of a person or
persons. All group members not listed in the awghiprline must be listed
in the Acknowledgments.

+ Abbreviated title of not more than 40 characterspfage headings

+ At least three key terms for indexing and inforroatretrieval

« Word count (excluding abstract, figure captions] eeferences)

« Corresponding author's e-mail and ground mail extd® telephone and

fax numbers

« Name and address of person to whom reprint reqebkstdd be addressed

« Any grants or fellowships supporting the writingtbé paper

+ Disclosure summary (see Disclosure of Potentialfli@brof Interest form

for instructions)

« Clinical Trial Registration Number, if applicable

Structured Abstracts

All Original Articles, Brief Reports, Clinical Resws, Clinical Case Seminars,
Consensus and Position Statements, Controversié&ndaocrinology, and Extensive
Clinical Experiences should be submitted with strcexd abstracts of no more than 250
words. All information reported in the abstract mappear in the manuscript. The
abstract should not include references. Write thetract with a general medical
audience in mind. Please use complete sentencesllf@ections of the abstract.
Detailed instructions on writing Structured Absteac  are
at http://jcem.endojournals.org/site/misc/Struaiurbstracts.xhtml

Introduction

The article should begin with a brief introductstatement that places the work to
follow in historical perspective and explains i$eint and significance.

Materials and Methods

These should be described and referenced in wrificletail for other investigators to

repeat the work. The source of hormones, unusw&ahals and reagents, and special
pieces of apparatus should be stated. For modifietthods, only the modifications need

be described.

Results and Discussion
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The Results section should briefly present the expantal data in text, tables, and/or
figures. For details on preparation of tables aigdrés, see below. The Discussion
should focus on the interpretation and significamfethe findings with concise

objective comments that describe their relationotber work in that area. The
Discussion should not reiterate the Results.

Acknowledgments

The Acknowledgments section should include the marmné those people who
contributed to a study but did not meet the requoéets for authorship. The
corresponding author is responsible for informingchke person listed in the
acknowledgment section that they have been inclualed providing them with a
description of their contribution so they know taivity for which they are considered
responsible. Each person listed in the acknowledgsnenust give permission - in
writing, if possible - for the use of his or hernma It is the responsibility of the
corresponding author to collect this information.

References

References to the literature should be cited inengal order (in parentheses) in the
text and listed in the same numerical order atethe of the manuscript on a separate
page or pages. The author is responsible for theracy of references. The number of
references cited should be limited, as indicateaaldor each category of submission.
Appropriate  recent  reviews should be cited whenevepossible.

Examples of the reference style that should be asedjiven below. Further examples
will be found in the articles describing the UniforRequirements for Manuscripts
Submitted to Biomedical Journals (Ann Intern Me®&89108:258-265, Br Med J.

1988; 296:401-405). The titles of journals shoutdabbreviated according to the style
used in théndex Medicus

Journal articles and abstractsList all authors. The citation of unpublished
observations, of personal communications, and ohuseripts in preparation or
submitted for publication is not permitted in thelimgraphy. Such citations should be
inserted at appropriate places in the text, inqgtheses and without serial number, or be
presented in the footnotes. The citation of manptcaccepted for publication but not
yet in print is permitted in the bibliography prded the DOI (Digital Object Identifier)
and the name of the journal in which they appearsaipplied. Listing a manuscript as
"in press" without a DOI and journal title is nogrmitted. If references to personal
communications are made, authors are encouragekie¢p written proof of the
exchange. If it is necessary to cite an abstracalrge it contains substantive data not
published elsewhere, it must be designated at tideoé the reference [e.g., 68:313
(Abstract)].

Books List all authors or editors.

Sample References
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1.Binoux M, Hossenlopp P1986 Insulin-like growth factor (IGF) and IGF-
binding proteins: comparison of human serum andplymJ Clin
Endocrinol Metab 67:509-514

2.MacLaughlin DT, Cigarros F, Donahoe PK1988 Mechanism of action of
Mullerian inhibiting substance. Program of the 7@thnual Meeting of
The Endocrine Society, New Orleans, LA, 1988, p 19

3.Bonneville F, Cattin F, Dietemann J-L1986 Computed tomography of
the pituitary gland. Heidelberg: Springer-Verla§:16

4.Burrow GN 1987 The thyroid: nodules and neoplasia. In: FBlidBaxter
JD, Broadus AE, Frohman LA, eds. Endo crinology aretabolism. 2nd
ed. New York: McGraw-Hill; 473-507

For general aid in the preparation of manuscrigtghors should consult: CBE Style
Manual: A Guide for Authors, Editors and Publishéth ed. Bethesda, MD: Council of
Biology Editors; 1983.

Tables

Tables must be constructed as simply as possibldarmntelligible without reference to
the text. Each table must have a concise headinglegcription of experimental
conditions may appear together with footnotes atftiot of the table. Tables must not
simply duplicate the text or figures. The widthtbé table must be designed to occupy
one or two journal columns, with no more than faable columns or 8-10 table
columns, respectively.

Figures and Legends

Please review the detailed instructions for prewari digital art
at http://art.cadmus.com/da/index.jsp E-mail queries can be sent
todigitalart@cadmus.com All  figures must display the figure number.

Sizing the figure The author is responsible for providing digitat &hat has been
properly sized, cropped, and has adequate spasedretimages. Plan the size of the
figure to fill 1, 1.5, or 2 columns in the printgairnal (see chart below for dimensions).
In most cases, figures should be prepared for dreolwidth. Produce original art at
the size it should appear in the printed journidbté for PowerPoint users: The sizing
instructions do not apply if you are submitting RoRoint files for print production in
Editorial Manager. On the submission page, checle®do indicate that the figures are

the correct size and resolution.)
1 column = 18 picas, 7.5 cm, 3.0 in
1.5. columns = 30 picas, 12.5 cm, 5.0 in
2 columns = 38 picas, 16.0 cm, 6.5 in

Lettering At 100% size, no lettering should be smaller tBapoint (0.3 cm high) or
larger than 12 point (0.4 cm high). Use bold ankitidettering. Lines should be thick,
solid, and no less than 1-point rule. Avoid the akeeverse type (white lettering on a
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darker background). Avoid lettering on top of stthde textured areas. Titles should be
clear and informative. Keep wording on figures tom@nimum, and confine any

explanation of figures to their separate-page ldgehabel only one vertical and one
horizontal side of a figurdireehand lettering or drawing is unacceptable

Color Figures Figures should now be submitted as RGB (red, gré&ue) format.
Saving color figures to this format will be morengenient for authors as RGB is the
standard default on most programs. Color imagesbeipreserved as RGB up until the
time of printing and will be posted online in theniginal RGB form. Using RGB color
mode for online images will be a significant impeavent for figures that contain
fluorescent blues, reds, and greens. Therefor@ithiee journal will accurately reflect
the true color of the images the way the authanded. For print, the images will be
converted to CMYK through an automated color coswer process.

Shading Avoid the use of shading, but if unavoidable, aseoarse rather than a fine
screen setting (80-100 line screen is preferredpidh 1-20% and 70-99% shading;
make differing shades vary by at least 20%, 25%, 45%, 65%. Instead of shading,
denote variations in graphs or drawings by croseHmag; solid black; or vertical,
horizontal, or diagonal striping. Avoid the use of dots.

Grouped figuresFor grouped figures, indicate the layout in agdien. Place grouped
figures so that they can be printed in 1 columntiwvidith uniform margins. Indicate
magnification in the legends and by internal rafeeemarkers in the photographs. Their
length should represent the fraction or multipleaofnicrometer, appropriate to the
magnification.

Graphs Graphs with axis measures containing very largesmall numbers should
convert to easily readable notatioBxample For an ordinate range of "counts per
minute" values from 1,000 to 20,000, the true vahsy be multiplied by 16 (scale
would read from 1 to 20) and the ordinate axis ldispcpm (x10%)." Similarly, for a
Scatchard plot with values ranging from 0.1 to étiemolar (10" m), the scale may
run from 0.1 to 2 with the abscissa labeled "m (10 Three-dimensional bar graphs
will not be published if the information they reteris only two-dimensional

Supplemental Data

Supplemental Data allows authors to enhance papelSEMby making additional
substantive material available to readers. SuppiaheéData may take the form of
figures, tables, datasets, derivations, or vidand,is published only idCEMonline; it
does not appear in the printed version of the jaurAuthors who wish to include
Supplemental Data should state so in the covearlathen the manuscript is submitted.

Supplemental Data files should be submitted throaditorial Manager at the time of
manuscript submission, and will be reviewed alonthwhe manuscript. The files
should be uploaded in the field marked "Upload $empental Data Files", and should
NOT be attached with the manuscript and figuresfilAuthors should refer to the
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Supplemental Data in the manuscript at an apprgpgaint in the text or figure/table
legend.

The file formats listed below may be used for Seppntal Data. Provide a brief
description of each item in a separate HTML or Widel(i.e., figure or table legends,

captions for movie or sound clips, etc.). Do nateshgure numbers, legends, or author
names as part of an image. File sizes should no¢egkx5 MB. Images should not
exceed 500 pixels in width or height. Do not usestar spaces for Word or WordPefect
tables; please use the table functions availabikimthese word processing programs
to prepare tables. For web pages, provide a comfildtof files and instructions for

creating directories.
.htm, HTML*
Jpg, JPEG image*
.gif, Graphical image
.pdf, Adobe Portable Document Format
Xls, MS Excel Spreadsheet
.mov, Quick Time
wav, Sound
.doc, MS Word 6 documents**
xt, Plain ASCII*

*These files can be viewed directly on standard webrowsers.
*MS Word may be used for text only.

Units of Measure

Results should be expressed in metric units. Systeternationale (S| units) must be
added in parentheses. Temperature should be egdresslegrees Celsius.@, 28 C)
and time of day using the 24-hour cloekg, 0800 h, 1500 h).

Standard Abbreviations

All nonstandard abbreviations in the text must eng¢d immediately after the first use
of the abbreviation. The list &tandard Abbreviations is given in the link.

Editorial Policies and Guidelines
Prior Publication

Failure to notify the editor that some resultshe manuscript are being or have been
previously published will result in placement ohatice in the journal that the authors
have violated the Ethical Guidelines for Publicatiof Research in The Endocrine
Society Journals. The journal publishes origingesgch and review material. Material
previously published in whole or in part shall & considered for publication. This
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includes materials published in any form of masmmanication. At the time of
submission, authors must divulge in their coveteteall prior publications or postings
of the material in any form of media. Abstractspasters displayed for colleagues at
scientific meetings need not be reported. Othetipgs of any part of the submitted
material on web pages, as well as those esseatiglatticipation in required registries
will be evaluated by the Editor-In-Chief, who shdktermine if those postings are
material enough to constitute prior publication.

Authorship Criteria

An author should have patrticipated in either theception, planning, or execution of
the work, the interpretation of the results and thdting of the paper. An

acknowledgment accompanying the paper is appreprtognition for others who
have contributed to a lesser extent, e.g., pravisibclones, antisera or cell lines, or
reading and reviewing manuscripts in draft. Thenaigre of each author on the
Affirmation of Originality and Copyright Releaserfo that must be submitted with the
manuscript indicates that all authors have hadraipahe writing and final editing of

the report, all have been given a copy of the manmts all have approved the final
version of the manuscript, and all are preparedak® public responsibility for the

work, sharing responsibility and accountability foe results. Medical writers can be
legitimate contributors, and their roles, affil@is, and potential conflicts of interest
should be described when submitting manuscriptses&h writers should be
acknowledged on the byline or in the Acknowledgraesgction in accord with the
degree to which they contributed to the work regarin the manuscript. Failure to
acknowledge these contributors would mean that nfamuscript could have been
"ghost-written," which is not allowed.

Guidelines for considering authors of non-researclarticles who have a potential
COl

The editors of The Endocrine Society's journalsr@ppte the importance of assuring
unbiased authorship of editorials, reviews, anceotion-research features involving
selection of evidence to be discussed and perspscto be presented. Consequently,
special care is taken in choosing authors for sarticles to assure their views are
balanced and unencumbered, and that the Societicges on disclosure of conflicts of
interest are implemented.

Obligations of Reviewers

The critical and confidential review of manuscripgsan essential element of research
publications. Every scientist has an obligatiorcemtribute to the peer review process
by serving as a reviewer. Among the obligationgesfiewers is the commitment to
providing an expert, critical, and constructive estific and literary appraisal of
research reports in their fields of knowledge, Iskiand experience in a fair and
unbiased manner. In order to facilitate the prosiring of scientific results, it is also
the obligation of each reviewer to complete theisignments promptly, within the
editor's deadline. Should a delay in their revi@euw, the reviewer has the obligation to
notify the editor at once. Reviewers should noieva manuscript if: 1) they do not
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think that they are competent to assess the rdseascribed, 2) they believe there is a
conflict of interest or personal or professionahtienship with the author(s) that might
bias their assessment of the manuscript, or (3¢ tiseany other situation that could bias
their review. Employment at the same institution cage of the authors does not
automatically represent a conflict. Having previgugviewed the article for another

journal does not disqualify a reviewer, although #ditor should be informed so the
reviewer's perspective can be considered. In cistances when reviewers need to
recuse themselves, they should notify the editoompmtly, preferably with an

explanation. If reviewers are uncertain whetherytBbould recuse themselves, they
should consult with the editor.

The reviewer should strive to provide accurateaitkerl, and constructive criticisms, and
the review should be supported by appropriate eefsgs, especially if unfavorable. The
reviewer should also note whether the work of atherproperly cited. If the reviewer
notes any substantial resemblance of the manudoeipiy reviewed to a published
paper or to a manuscript submitted at the same tar&nother journal, they should
promptly report this to the editor.

No part of the manuscript under review should aadiyp be revealed to another

individual without the permission of the editor.dfreviewer consults a colleague on a
particular point, this fact, and the name of thdatmrator or consultant, should be

reported to the editor, preferably in advance. Witbse exceptions, a reviewer must
obtain through the editor written permission frdme tauthors to use or disclose any of
the unpublished content of a manuscript under vevie

Experimental Subjects

To be considered, all clinical investigations désst in submitted manuscripts must
have been conducted in accordance with the guekelim TheDeclaration of
Helsinki and must have been formally approved by the apjatepinstitutional review
committees or its equivalent. All manuscripts mumticate that IRB approval was
acquired; and that when informed consent was reduby the IRB, that this was
obtained from subjects in experiments involving lams Investigators must disclose
potential conflict of interest to study participsr#nd should indicate in the manuscript
that they have done so. The study populations ghbaldescribed in detail. In many
studies details of age, race, and sex are impottwever, subjects must be identified
only by number or letter, not by initials or namB&otographs of patients' faces should
be included only if scientifically relevant. Autlomust obtain written consent from the
patient for use of such photographs. For furth¢aitte see the Ethical Guidelines.

Experimental Animals

A statement confirming that all animal experimeiotatdescribed in the submitted
manuscript was conducted in accord with acceptudsrds of humane animal care, as
outlined in the Ethical Guidelines, should be imigd in the manuscript.
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Clinical Trials Registration

For clinical trial reports to be considered for pedition in the Journal, the Endocrine
Society requires their prospective registration, eaglorsed by the International
Conference of Medical Journal Editors. We recommesel of www.clinicaltrials.gov.
The Society's full Position Statement on Clinicalale Registration is at the following
web site:http://[cem.endojournals.org/site/misaiCialTrials.pdf All trials beginning
after January 1, 2007 must have been prospectregigtered before enrollment of the
first subject. All trials begun before that date gnbe retroactively registered before
submission. Please note that the Clinical Triali&egtion number should be provided
clearly on the title page of the manuscript.

Genetic and Genome-Wide Association Studies

To ensure rigor in genetic and genome-wide assoniatudies and permit readers to
assess their biological and clinical significansghmitted manuscripts describing such
work should generally conform to the following syudesign criteria, which will be
applied by the Journal's reviewers and editors iheirt evaluations.

Sample Size and Multiple Testirffudies should include sufficient samples to haee
power to detect an effect. In addition, since npidtihypotheses are often testedy(
multiple SNPs, substratification, and multiple pbipes), analyses and interpretations
should account for the influence of such multigsting on the findings' biological and
clinical significance.

Validation SamplesThe most rigorous association studies shouldideboth a testing
(or training) sample set and an independent vadidat series.

Functional Data:Functional data strengthen association data iffdhetional assay(s)
have demonstrable relevance to the associated fypendn some instances, association
studies with a single testing sample set and higalgvant functional data may be
acceptable without an independent validation series

Single Genetic Marker (e.g., SNP) versus Whole @@mme StudiesSingle SNP
studies are acceptable when the particular SNBthasg prior claims for involvement
in the phenotype of interest. However, it is dddeao examine genetic variation at
least across and flanking the gene of interest whias is feasible.

Negative Association Studie$Vell-designed and executed association studias th
demonstrate significant negative findings will msidered if the gene in question has
clear relevance to disease pathogenesis or has ibg#itated in prior published
association studies.

Microarray Expression Studies
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Genome-wide expression studies require both teahmalidation and an independent
validation series. Technical validation entails laggtion of a different techniques(,
RT-PCR of single genes or immunohistochemistry) canfirm the differential
expression detected by genome-wide expression.ndependent validation series of
samples should be utilized to confirm the differ@ngxpression noted by genome-wide
analysis of the initial testing sample set.

Nomenclature and Technical Requirements

The value of study data is enhanced if, where egle\manuscripts:

Use standard terminology for variants, providingnusnbers for all variants
reported. These can be easily derived for noveamts uncovered by the
study. Where rs numbers are provided, the detdilhe assay (primer
sequences, PCR conditions, etc.) should be dedovdry concisely.

« Describe measures taken to ensure genotyping agcerg, percentage of
genotype calls, number of duplicate samples that vgenotyped, and
percentage concordance.

» Provide approved GDB/HUGO approved gene nameshenappropriate
cases and italics.

+ Provide linkage disequilibrium (LD) relationshipstiveen typed variants.

« Provide information and a discussion of departdiresy Hardy-Weinberg
equilibrium (HWE). The calculation of HWE may helpncover
genotyping errors and impact on downstream analyticethods that
assume HWE.

+ Provide raw genotype frequencies in addition telalfrequencies. It is also
desirable to provide haplotype frequencies.

+ Provide the criteria they have used to select t&sSN

» Denote the boundaries considered when studying SNfen a gene of

interest. For example, "gene X and 100 kb upstrezimthe first

translational start site and 150 kb downstreanmefstop codon."

Manuscripts Reporting New Amino Acid or NucleotideSequence

Manuscripts reporting amino acid or nucleotide seges of proteins with sequences
already known from other tissues or species wilttesidered only if they provide new
biological insight. Manuscripts dealing with paftsequence data are not likely to be
considered. The Endocrine Society has establisbkdyghat deals with submission of
new protein or nucleic acid sequences. When a neaptiss accepted that contains
novel sequences, such sequences must be depositelappropriate database (such as
GenBank) and an accession number obtained beferemédmuscript is sent to the
printer. It is recommended that the following staémt containing the assigned
accession number be inserted as a footnote: "T$expgence data have been submitted
to the DDBJ/EMBL/GenBank databases under accessiortber Ul2345."

Standards for Steroid Nomenclature
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The 3 major classes of mammalian sex hormonesregads, estrogens, and progestins
(or progestagens or gestagens) - are defined by lisdogical activities, which are
mediated via the well-defined androgen, estroged progesterone (or progestin)
receptors. The principal bioactive sex steroid aadural ligand for each class is
testosterone (or obdihydrotestosterone), estradiol and progesteramspectively.
Androgen(s), estrogen(s) and progestin(s) are etas$ compounds with hormonal
activity, and not the names of individual steroiSgnthetic steroids or extracts can be
considered as members of a generic steroid classagens, estrogens, progestins), but
are distinct from the natural cognate ligand its8§nthetic hormones or extracts of
biological origin of each class may also have agfo@intagonist or mixed bioactivity in
one or more classes. Therefore, the terms androgestogens and progestins (or
progestagens or gestagens) should be used whenngfto the class of hormones,
whereas when a specific natural or synthetic slersibeing used or assayed, the
particular compound must be specified.

Apart from accepted trivial names, steroids shobkl named according to the
systematic nomenclature of the IUPAC conventioNoemenclature of Steroids (Moss
et al Pure & Applied Chemistry 61:1783-1822, 198@®)first mention in a single

footnote defining all letter abbreviations. Subsatly, generic or trivial names or letter
abbreviations, but not trade-names, should be used.

Examples of accepted trivial names include: cheletestrone, I and 1P estradiol
(estradiol is also acceptably used as the triviam@ for 1B estradiol), estriol,
aldosterone, androsterone, etiocholanolone, debpiandrosterone, testosterone, 5
dihydrotestosterone, 5 dihydrotestosterone, androstenedione, pregnenolone
progesterone, corticosterone, deoxycorticosterooisone, and cortisol.

Trivial names may be modified by prefixes or su#Bxindicating substituents (as in 17-
hydroxyprogesterone for 17-hydroxy-4-pregnene-3j@he), double bonds (as in 7-
dehydrocholesterol for 5,7-cholestadien-3-ol) aponeric configurations of functional
groups provided the locus of epimerization is iatkd (as in 11-epicortisol for ¢21-
trinydroxypregn-4-en-3-one).

Manuscripts Reporting Novel Compounds

Manuscripts describing experiments with new complsumust provide their chemical
structures. For known compounds, the source afitBoaiture reference to the chemical
structure and characterization must be provided.

Validation of Data and Statistical Analysis

Assay validation Bioassay and radioimmunoassay potency estimabteslld be
accompanied by an appropriate measure of the pecisf these estimates. For
bioassays, these usually will be the standard tlemiastandard error of the mean,
coefficient of variation, or 95% confidence limitdor both bioassays and
radioimmunoassays, it is necessary to include detating to within-assay and
between-assay variability. If all relevant companis are made within the same assay,
the latter may be omitted. Authors should be awlaaéthe precision of a measurement
depends upon its position on the dose-response  ecurv
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In presenting results for new assays, it is necggsanclude data on the following: 1)
within-assay variability; 2) between-assay varigyil3) slope of the dose-response
curve; 4) mid-range of the assay; 5) least-detéetaloncentration (concentration
resulting in a response two standard deviationsydveem the zero dose response); 6)
data on specificity; 7) data on parallelism of gl and unknown and on recovery;
and 8) comparison with an independent method feaya®f the compound. When
radioimmunoassay kits are utilized or hormone mesmseants are conducted in other
than the authors' laboratories and the assay iFateio the study, data regarding
performance characteristics should be included.

Pulse analysisData from studies of pulsatile hormone secresbould be analyzed
using a validated, objective pulse detection atgori The algorithm used should
require that false-positive rates of pulse detectlme defined in relation to the
measurement error of the data set being analyzetile methods used to determine
the measurement error should be described. Theosithalso should describe the
methods used: 1) to deal with missing or undetéetablues; 2) to determine peak
frequency, interpeak interval, and pulse amplitwadel 3) for statistical comparisons of
peak parameters.

Data analysis It is the author's responsibility to documenttthihe results are

reproducible and that the differences found arednetto random variation. No absolute
rules can be applied, but in general quantitatata gdhould be from no fewer than three
replicate experiments. Appropriate statistical rodth should be used to test the
significance of differences in results. The terngrifficant” should not be used unless
statistical analysis was performed, and the prdipabvalue used to identify

significance €.0, P > 0.05) should be specified.

When severdtests are employed, authors should be aware tiratnal probability
levels no longer apply. Accordingly, the multiptest, multiple range test, or similar
techniques to permit simultaneous comparisons ghbelemployed. Also, in lieu of
using severdltests, it is often more appropriate to utilize amalysis of variance
(ANOVA) to permit pooling of data, increase the rhen of degrees of freedom, and
improve reliability of results. Authors should usgpropriate nonparametric tests when
the data depart substantially from a normal distidmn. Analysis of variance tables
should not be inserted in manuscripts. F values \hte degrees of freedom as
subscripts together with thevalues are sufficient.

In presenting results of linear regression analyseds desirable to show 95%
confidence limits. When data points are fitted witles (as in Scatchard or Lineweaver-
Burk plots), the method used for fitting (graphjci@ast squares, computer program)
should be specified. If differences in slopes andiris intercepts are claimed for
plotted lines, these should be supported by gtalst analysis.

Authors should include in the manuscript a listtbé software used for statistical
analyses.
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Digital Image Integrity

When preparing digital images, authors must adieréhe following guidelines as
stated in the CSE's White Paper on Promoting littegn Scientific Journal
Publications:

+ No specific feature within an image may be enhanobdcured, moved,
removed, or introduced.

« Adjustments of brightness, contrast, or color be¢aare acceptable if they
are applied to the entire image and as long as tleeyhot obscure,
eliminate, or misrepresent any information preseie original.

« The grouping of images from different parts of theme gel, or from
different gels, fields, or exposures must be madepli@t by the
arrangement of the figure (e.g., dividing linesyl amthe figure legend.

Deviations from these guidelines will be consideee potential ethical violations.

Note that this is an evolving issue, but thesedyasinciples apply regardless of changes
in the technical environment. Authors should beravthat they must provide original
images when requested to do so by the Editor-ieiClvho may wish to clarify an
uncertainty or concern.

[Please see paper of Rossner and Yamada (Jour@lloBiology, 2004, 166:11-15),
which was consulted in developing these policy assdor additional discussion, and
the CSE's White Paper on Promoting Integrity ine8tfic Journal Publications,
published by the Council of Science Editors, 2006.]

Publication and Production Guidelines
Proofs and Reprints

Proofs and a reprint order form are sent to theesponding author unless the Editorial
Office is advised otherwise. The author shouldgleste by footnote on the title page of
the manuscript the name and address of the peosehdm reprint requests should be
directed. Questions about reprints should be dicetd June Billman, Account Manager
at Cenveo Publisher Services, (June.Billman@cenwed.(preferred), 410-943-3086
(direct) or 1-866-487-5625 (toll-free).

Publication and Color Costs

There is no submission fee for The Endocrine Syciejournals.

There will be a charge of $95 per page for membgfhe Endocrine Society and $115
per printed page for non-members. There will bénarge of $235 per color figure for
members of The Endocrine Society and $735 per dadore for non-members. For
more information on the benefits of membership e Endocrine Society, please visit
the Member Benefits page of The Endocrine Societgbsite. Authors must submit
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usable digital art that passes Cadmus's Rapid dt@mp&ueries on page charges may
directed to June Billman at Cenveo Publisher Sesyicldune.Billman@cenveo.c()
(preferred), 410-943086 (direct) or 87-705-1373 (fax).

NIH Deposits

For articles that were funded by NIH, accepted msanpts will be submitted t
PubMed Central. These manuscripts will be maddyfi@eilable online twelve montt
after print publication. NIH will contact the authim conirm submissior

Open Choice Option

The Endocrine Society’s Open Choice program wasldeed to allow research
authors the ability to provide immediate, open &md access to their work. For
growing number of our authors, providing open asdssa ondition of funding. Fo
others, they simply want to have their latest firgdi available to the scientific dom:
without delay. Still others believe that payingn@ake their article free in the first :
months of publication is not a worthwhile use oheir grant monie

The Endocrine Society offers authors an Open Chojtn for $3,000 per article,

addition to other publication charges. Upon recefgtayment, the article will be ma
openly available on the journal site and the fipaht verdon will be deposited ii
PubMed Central for immediate public acc

Corresponding authors can indicate on the invoigelsided with their proofs if the
wish to exercise this option. All articles will ieensed using the Creative Commc
Attribution, Non€commercial license 2.

Institutional Repositories and Other Archives

Authors may deposit the final PDF version of theianuscript in their institutioni
repository or other archive 1 year following theedaf print publication. Any deposi
to bemade prior to 1 year following the date of prinbpcation must be approved |
the Publications Department of The Endocrine S

Normas para redacao deartigos para a revista “PLOS Neglected Tropical Diseases” a
ser submetido o artigalll.

. B
@PLOS ‘ TROPICAL DISEASES



o

0

0

°©C 0 NO OB~ WDNPRE

112

PLOS Neglected Tropical Diseagesidelines for Authors

Detailed below are guidelines for authors about jin@nal, open access, the editorial
process, and the production process. We also peoadhecklist for submitting
manuscripts for the first time, a checklist for sutting revised manuscripts, and
detailed guidelines for figure and table preparati®LOS Neglected Tropical
Diseases also offers several means of supportttmeasliin developing countries.

pontents:

About PLOS Neglected Tropical Diseases
Open Access

Publication Charges

Criteria for Publication

Presubmission Inquiries

Overview of Editorial Process

Supporting Information and Materials Required abr8ission
Preparation of Research Manuscripts
Organization of Manuscript

Nomenclature

Accession Numbers

Figure Guidelines

Multimedia Files and Supporting Information

. Submission of Research Manuscripts

Checklist for Submitting New Manuscript
Checklist for Submitting Revised Manuscript

10.Other Types of Articles
11.Overview of the Production Process
12.Embargoes and the Media

1. About PLOS Neglected Tropical Diseases

PLOS Neglected Tropical Diseasss an open-access journal devoted to the
pathobiology, epidemiology, prevention, treatmamig control of the neglected tropical
diseases (NTDs), as well as public policy releuvarthis group of diseases. The NTDs
are defined as a group of poverty-promoting chromfectious diseases, which
primarily occur in rural areas and poor urban aa®w-income and middle-income
countries. They are poverty-promoting because efrthmpact on child health and
development, pregnancy, and worker productivityywal as their stigmatizing features.
The major NTDs that are within the scop®lb®S Neglected Tropical Diseasem be
found in the description of the journal's scope.
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Original Research Papers

All aspects of the NTDs will be considered, inchglitheir pathogenesis, clinical
features, pharmacology and treatment, diagnosisleeyology, vector biology, and
vaccinology and prevention. Demographic, ecologara social determinants, public
health, and policy aspects of these diseases @imgjLcost-effectiveness analyses) will
also be a priorityPLOS Neglected Tropical Diseadespleased to publish relevant in
vitro and animal studies as well as human investiga. The journal is organized to
provide additional support for authors from endemwantries, and such authors are
particularly encouraged to submit their researcRU®S Neglected Tropical Diseases
Academic editors, supported by expert peer-revisweill select for publication those
studies that drive their respective fields forwaWle encourage papers that cross
disciplines. If your study addresses an infectioat is outside our detailed scope, you
must first send a pre-submission inquiry indicativity you consider the infection to be
a neglected tropical disease.

Magazine Section

In addition to publishing original research pap@isDS Neglected Tropical
Diseasewill have an engaging magazine section with dedat&ditors. Articles in the
magazine section will mostly be commissioned, betwelcome your ideas for articles.
If you would like to write a magazine-section ddiplease send a brief article proposal
(up to 150 words) tplosntds [at] plos.org

Open Access

PLOS applies the Creative Commons Attribution Le®(CCAL) to all works we
publish. Under the CCAL, authors retain ownerstithe copyright for their article, but
authors allow anyone to download, reuse, reprinddify, distribute, and/or copy
articles in PLOS journals, so long as the origiaathors and source are cited. No
permission is required from the authors or the ighbls.

Publication Charges

To provide open access, PLOS journals use a bissmedel in which our expenses—
including those of peer review, journal productiand online hosting and archiving—
are recovered in part by charging a publicationtéethe authors or research sponsors
for each article they publish. The fees vary byrjal

PLOS is committed to the widest possible globaltip@ation in open access

publishing. To determine the appropriate fee, we ascountry-based pricing model,
which is based on the country that provides 50%are of the primary funding for the

research that is being submitted. Research artialeded by Upper Middle and High

Income Countries incur our standard publicatiors f&@orresponding authors who are
affiliated with one of our Institutional Membersagligible for a discount on this fee.
Such authors will be informed of the discount agaddie after submission of their
manuscript.
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Fees for Low and Lower Middle Income Countries aadculated according to
the PLOS Global Participation Initiative pricingogram for manuscripts submitted
after 9am Pacific Time on September 4, 2012 (theg@m is not retroactive).

Group One: Countries from this list will not be ofpead for publishing

Group Two: Countries from this list will be chargadlat $500

Our fee waiver policy, whereby PLOS offers to wawefurther reduce the payment
required of authors who cannot pay the full aman@rged for publication, remains in
effect. Editors and reviewers have no access totheheauthors are able to pay;
decisions to publish are only based on editorié¢ca.

Criteria for Publication

Manuscripts should represent a substantial advamamedical science or medical
practice in terms of:

Originality

Importance and relevance to researchers, praaimomr policy makers in the field of
NTDs

Interest for researchers or practitioners outdedfield

Rigorous methodology with conclusions justifiedthg evidence presented

Adherence to the highest ethical standards
Presubmission Inquiries

We strongly encourage authors to send a presulimissquiry before making a full
submission. To see if a manuscript is appropriatefdll submission, please login or
register at http://www.editorialmanager.com/pntlickcthe link labeled, "Submit New
Manuscript" and select Presubmission Inquiry asr yasticle type. You will be asked
for a cover letter explaining why you feel that therk is appropriate foPLOS
Neglected Tropical Diseaseslong with a referenced abstract of the papevdfdhan
500 words) that describes the background, aims raethodology, key results, and
major conclusions of the work. We aim to providsp@nses to these inquiries within 48
hours. Authors who receive an invitation to subiingir manuscripts will then enter the
regular editorial process.

7.1 6. Overview of Editorial Process

Our aim is to provide all authors with an efficieaburteous, and constructive editorial
process. To ensure the fairest and most objeceeesidn-making, the editorial process
is run as a partnership between €S Neglected Tropical Diseadeditor-in-Chief,
the eight Deputy Editors, and a team of academpers who act as Associate Editors
(AEs). These individuals, all of whom are membershe PLOS Neglected Tropical
Disease<ditorial Board, are leaders in their fields amghresent the full breadth of
research on NTDs.

Submitted manuscripts are assigned to a DeputyoEditho then assigns it to an
appropriate AE. The AE promptly evaluates the paper decides whether it is likely to
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meet the requirements of providing enough of anaadeg in a particular field and
describing a sufficient body of work to supportttbkaim. If so, the paper is sent out for
peer review.

Expert reviewers will be asked to assess the teahand scientific merits of the work.
Where relevant, work presented in a manuscript lvallsubject to a rigorous review of
the statistical methods usd?l.OS Neglected Tropical Diseasascourages open (non-
anonymous) peer-review. As a default, we will passviewer's name on to the authors
along with the comments. If reviewers do not wishhawve their name revealed, they
can request to stay anonymous and we will hondrdtpest.

Upon submission of a manuscript, authors are agkbdy wish to exclude any specific
academic editors or reviewers from the peer revoéwheir article. The editorial team
will respect these requests so long as this doésnterfere with the objective and
thorough assessment of the article. See the rdlexadelines for reviewers and more
general information on PLOS' policy regarding cotmgginterests.

Once all reviews have been received and consideydtie professional and academic
editors, a decision letter to the author will bafted.

There are several types of decision possible:

Accept without revision

Minor revision

Major revision

Reject, typically because the paper does not nieetriteria for publication outlined

above

Revised manuscripts will be assessed by the sam@eauc editor. Sometimes, re-
review or additional statistical review will be eéced, but in general we aim to make
decisions without involving multiple rounds of rew.

Upon acceptance, the manuscript is checked by P&i@f to ensure that it is in a
format that can be efficiently handled by our prcithn system. The authors will be
queried and allowed to make any final minor rewvisithat are needed.

This is the final stage at which authors will skeitt manuscript before publication. The
authors' files will be carefully tagged to generftdL and PDF files, but will not be
subject to detailed copyediting (see Overview ef Broduction Process). It is therefore
essential that authors provide a thoroughly pr@ofreand checked manuscript,
following the manuscript checklist and any commédrim PLOS staff.

7.1.1 Appeals of Decisions

PLOS Neglected Tropical Diseassscourages input from the community regarding
editorial and publishing policies. However, appeadginst manuscript decisions must
be a) limited to the specific manuscript in queastib) made only by the corresponding
author, and c) sent by e-mail gtosntds [at] plos.org Telephone calls or other
informal appeals are discouraged and will not beswtered. Appeals will only be
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considered when a reviewer or editor is thoughtawee made a significant factual error
or when his/her objectivity is compromised by a wuoented competing
interestandwhen a reversal based on either of these groundi&iwhange the original
decision. The journal staff will ask for confirmai of the reason(s) in the first instance.
If the authors proceed, the original editor(s) wslally be asked to consider the appeal.
Additional editorial board members may also be atird. Each appeal is treated on its
merits, and the journal cannot make any guaranédesit the turnaround time or
outcome.

7.2 7. Supporting Information and Materials Required at Submission

PLOS Neglected Tropical Diseagescommitted to the highest ethical standards in
medical research. Accordingly, we ask authors twide specific information regarding
ethical treatment of research participants, patemtsent, patient privacy, protocols,
authorship, and competing interests. We also askréports of certain specific types of
studies adhere to generally accepted standards. ré@quirements are based on
the Uniform Requirements for Manuscripts Submitte@iomedical Journals, issued by
the International Committee for Medical JournaltBdi and are enumerated below.

7.2.1 Human and Animal Research

All research involving humans and animals must hHaeen approved by the authors'
institutional review board or equivalent commit®e@nd that board must be named by
the authors in the manuscript. For research inaglMiuman participants, informed
consent must have been obtained (or the reasdadkrof consent explained, e.g. the
data were analyzed anonymously) and all clinicalegtigation must have been
conducted according to the principles expressdtiarDeclaration of Helsinki. It must
be stated in the Methods section of the paper venetiiormed consent was written or
oral. If informed consent was oral, it must be exfain the paper: (a) why written
consent could not be obtained, (b) that the IRB@aggx the use of oral consent, and (c)
how oral consent was documented.

Authors should be able to submit, upon requestatermment from the research ethics
committee or institutional review board indicatingproval of the research. We also
encourage authors to submit a sample of a patiensent form, and may require
submission on particular occasions.

All animal work must have been conducted accordiogrelevant national and
international guidelines. In accordance with theoremendations of the Weatherall
report, "The use of non-human primates in reseaseh$pecifically require authors to
include details of animal welfare and steps takemrneliorate suffering in all work
involving non-human primates. The institution thgproved the study must be named,
and it must be stated in the paper that the studg wonducted adhering to the
institution's guidelines for animal husbandry.

7.2.2 Patient Privacy and Informed Consent for Publicatio

Our human participant policy conforms to the Unifior Requirements of the
International Committee of Medical Journal Editors:
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"Patients have a right to privacy that should r@irdringed without informed consent.
Identifying information should not be publishedwmitten descriptions, photographs,
and pedigrees unless the information is essemiaddientific purposes and the patient
(or parent or guardian) gives written informed amdor publication. Informed consent
for this purpose requires that the patient be shiv@mmanuscript to be published.
Complete anonymity is difficult to achieve, andarthed consent for publication should
be obtained if there is any doubt. If data are gednto protect anonymity, authors
should provide assurance that alterations of the di@a not distort scientific meaning.
When informed consent has been obtained it shoaldntdicated in the published
article."

For papers that include identifying information, pmtentially identifying information,
authors must download the Consent Form for Pulbieah a PLOS Journalfrom our
site, which the patient, parent or guardian mugt since they have read the paper and
been informed about the terms of PLOS open-acosmsse. (This license means that
the images and text we publish online become adailfor any lawful purpose). Once
authors have obtained the signed consent formhould be filed securely in the
patient's case notes and the article submitted lOSPjournal should include this
statement indicating that specific consent to mallon was obtained. "The patients in
this manuscript have given written informed cons@s outlined in PLOS consent
form) to publication of their case details."

Download "Consent Form for Publication™:

English
French
Portuguese

Spanish
7.2.3 Material Required for the Submission of Specific Stdy Types

7.2.3.1 a. Clinical Trials

We follow the WHO definition of a clinical trial A' clinical trial is any research study
that prospectively assigns human participants ougs of humans to one or more
health-related interventions to evaluate the effemt health outcomes. Interventions
include but are not restricted to drugs, cells atiter biological products, surgical
procedures, radiologic procedures, devices, bebeadiotreatments, process-of-care
changes, preventive care, etc"

PLOS supports the position of the International @Gottee of Medical Journal Editors

(ICMJE) on trial registration. All trials initiatedfter 1 July 2005 must be registered
prospectively in a publicly accessible registrye.(i.before patient recruitment has
begun), or they will not be considered for publimat For trials initiated before 1 July

2005, all trials must be registered before submistd our journals. See the ICMJE faq
on trial registration for further details. The WHQist of approved registries is listed
here http://www.who.int/ictrp/network/primary/endiex.html.
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Authors of trials must adhere to the CONSORT repgrtjuidelines appropriate to their
trial design. Please check the CONSORT statemertt Site for information on the
appropriate guidelines for specific trial types.f@e the paper can enter peer review
authors must: 1) name in the paper trial regidtrgl registration number, and IRB and
2) provide a copy of the trial protocol and a coeteti CONSORT checklist as
supporting files (these documents will also be hield alongside the paper, if
accepted). The CONSORT flow diagram must be induaie Figure 1. Any deviation
from the trial protocol must be explained in thepgra Authors must explicitly discuss
informed consent in their paper, and PLOS resettvesight to ask for a copy of the
patient consent form. Information on statisticaltmoels or participants beyond what is
indicated in the CONSORT statement should be redart the Methods section.

7.2.3.2 b. Systematic Reviews and Meta-Analyses

Reports of systematic reviews and meta-analysesidhse the PRISMA statement as
a guide, and include a completed PRISMA checkimt #low diagram to accompany
the main text. Blank templates of the checklist #od/ diagram can be downloaded
from the PRISMA Web site.

7.2.3.3 c. Diagnostic Studies

Reports of studies of diagnostic accuracy shouldaron to the STARD requirements.

7.2.3.4 d. Epidemiological Studies

For reports of epidemiological studies, you shaddsult the STROBE initiative.

7.2.3.5 e. Microarray Experiments

Reports of microarray experiments should confortheoMIAME guidelines, and the
data from the experiments must be deposited irbaghyaccessible database.

7.2.4 Author Status

All authors will be contacted via e-mail at subnossto ensure that they are aware of
and approve the submission of the manuscript, atgemnt, authorship, and order of
authorship. Articles will not be published unledisaaithors have provided their assent
to publication.

The involvement of any professional medical writerpublication must be declared.
We encourage authors to consult the European Medidters’ Association
Guidelines on the role of medical writers. For RLOS journals, the corresponding
author must submit the manuscript, related files] all required data and information.
From the point of submission through to publicatiath communication related to that
manuscript will be directed to and received from torresponding author only.

PLOS Neglected Tropical Diseadmsses its criteria for authorship on those outlime
the Uniform Requirements for Manuscripts Submite®&iomedical Journals,which are
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summarized below. The contributions of all authonsst be described. Contributions
that fall short of authorship should be mentiorrethe acknowledgements.

"Authorship credit should be based on
1) substantial contribution to conception and desay acquisition of data, or analysis
and interpretation of data;

2) drafting the article or revising it criticallyof important intellectual content; and
3) final approval of the version to be published.

Authors should meet conditions 1, 2, and 3.

When a large, multi-center group has conductedvitrd, the group should identify the
individuals who accept direct responsibility foretmanuscript (3). These individuals
should fully meet the criteria for authorship definabove and editors will ask these
individuals to complete journal-specific author andmpeting interests disclosure
forms. When submitting a group author manuscrip¢, ¢orresponding author should
clearly indicate the preferred citation and shoelihrly identify all individual authors
as well as the group name.

Acquisition of funding, collection of data, or geaksupervision of the research group,
alone, does not justify authorship. All personsigiested as authors should qualify for
authorship, and all those who qualify should béetls Each author should have
participated sufficiently in the work to take publresponsibility for appropriate
portions of the content.”

PLOS journals follow the COPE guidelines coverihgrges in authorship. Please note
that if any changes to the list of authors of a usanpt are necessary after the initial
submission of a manuscript to a PLOS journal buforee its publication, the
corresponding author may be asked to provide writtenfirmation that all authors
consent to the change(s). The journal also resetivesright to request written
confirmation from all authors (including those addeemoved, or moved in the author
order). Such written consent may be required betioeerevised submission is sent to
the editors.

7.2.5 Prior Publication

When submitting an article, all authors are askedindicate that they have not
submitted a similar manuscript for publication elkere. If related work has been
submitted elsewhere, then a copy must be includddtiwe article submitted to PLOS.
Reviewers will be asked to comment on the overktvben related submissions.

7.3 8. Preparation of Research Articles

PLOS Neglected Tropical Diseagmsblishes original research articles of importaitce
the NTDs community and the wider health commuig will consider manuscripts of
any length; we encourage the submission of botlstanbal full-length bodies of work
and shorter manuscripts that report novel findihgs might be based on a more limited
range of experiments.

The writing style should be concise and access#ueiding jargon so that the paper is
understandable for readers outside a specialtyhaset whose first language is not
English. Editors will make suggestions for how thiave this, as well as suggestions
for cuts or additions that could be made to th&larto strengthen the argument. Our
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aim is to make the editorial process rigorous andsistent, but not intrusive or
overbearing. Authors are encouraged to use their wvice and to decide how best to
present their ideas, results, and conclusions.ofiffh we encourage submissions from
around the globe, we require that manuscripts bengted in English. Authors who do
not use English as a first language may contadbruadditional information. As a step
towards overcoming language barriers on acceptarficthe paper, we encourage
authors fluent in other languages to provide copietheir full articles or abstracts in
other languages. We will publish these translatiaasupporting information and list
them, together with other supporting informatidedj at the end of the article text.

7.3.1 Cover Letter

Please include a cover letter explaining why thanascript is suitable for publication
in PLOS Neglected Tropical Diseas&8hy will your research paper inspire the NTDs
community, and how will it drive the understandingf NTD pathobiology,
epidemiology, prevention, treatment, control, oliq®&

If your study addresses an infection that is oetsadr detailed scope, you must first
send a pre-submission inquiry indicating why yownsider the infection to be a
neglected tropical disease.

7.3.2 Electronic Formats

Our submission system supports a limited rangeowhéts for text and graphics. The
following file formats/types and manuscript infortiaa are required before submission.
If you are concerned about the suitability of yblas, please contact us glbsntds [at]
plos.org.

7.3.2.1 Manuscript and Table Files

Articles can be submitted for review in DOC, DOCXTF, or PDF. Any articles that
have been prepared in LaTeX will be accepted forere, but only in PDF format.
After acceptance, only text files (RTF or DOC) bé trevised manuscript and tables can
be accepted for use in the production process.

7.3.2.2 Math Equations and DOCX

If your manuscript is or will be in DOCX and contaiequations, you must follow the
instructions below to make sure that your equatiares editable when the file enters
production.

If you have not yet composed your article, you easure that the equations in your
DOCX file remain editable in DOC by enabling “Contipdity Mode” before you
begin. To do this, open a new document and sawwas 97-2003 (*.doc). Several
features of Word 2007/10 will now be inactive, umtihg the built-in equation editing
tool. You can insert equations in one of the twysvisted below.
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If you have already composed your article as DOQ@X ased its built-in equation
editing tool, your equations will become images wltiee file is saved down to DOC.
To resolve this problem, re-key your equationsrie of the two following ways.

. Use MathType to create the equation. MathType & mifcommended method for
creating equations.

. Go to Insert > Object > Microsoft Equation 3.0 améate the equation.

If, when saving your final document, you see a ragsssaying “Equations will be
converted to images,” your equations are no loegéable and PLOS will not be able
to accept your file.

7.3.2.3 LaTeX

Articles prepared in LaTeX may be submitted in HDiffnat for use during the review
process. After acceptance, however, .tex files &rchatting information will be
required as a zipped file. Please consult our LaGextelines for a list of what will be
required.

7.3.2.4 Tables

Tables must conform to our Guidelines for Figurd diable Preparation and placed at
the end of the article DOC or RTF file. AcceptedleX submissions only should have
table files—which must also conform to these guiskes—uploaded individually into
the online submission system.

7.3.2.5 Figure Files

Graphics files can only be submitted in EPS or TdFmat. For the article to be
accepted for publication, the author will need wpEy high-resolution versions of the
figures. When preparing your figures, please endina& the files conform to
our Guidelines for Table and Figure Preparation.

If you are uploading your files in EPS format, geause the "create outlines” option
under the type menu in Illustrator so that all i@t fonts appear as intended in print. If
you need additional help with figure preparatioeage contadigures [at] plos.org

Authors are encouraged to provide a striking im@agaccompany their article, if one is
available. This image may be chosen to highligatatiicle on our journal Web site.

PLOS does not accept vector EPS figures generatied) waTeX. We only accept
LaTeX generated figures in TIFF format. Export yhaTeX files as PDFs, and then
open them in GIMP or Photoshop and save as TIFFgeimeral, Figures must be
generated in a standalone graphics application sgcldobe lllustrator, InkScape,
PyMol, MatLab, SAS, etc. Please see our Figure &unds for more information.

All figures will be published under a Creative Comnons Attribution License.
Upon publication they will be made available onlinewithout cost to anyone,
anywhere—to download, redistribute, include in datdhases, and otherwise use—
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subject only to the condition that the original auhorship is properly attributed.

Please do not submit any figures that have been prieusly copyrighted unless you
have express written permission from the copyrightolder to publish under this
license.

7.3.3 Financial Disclosure

This section should describe sources of funding tlaze supported the work. Please
include relevant grant numbers and the URL of amydér's Web site. Please also
include this sentence: "The funders had no rolstudy design, data collection and
analysis, decision to publish, or preparation @f mmanuscript.” If this statement is not
correct, you must describe the role of any sponsmrdunders, and amend the
aforementioned sentence as needed.

7.3.4 Competing Interests

The submitting author is asked at submission tdadec on behalf of all authors,
whether there are any financial, personal, or p@mal interests that could be
construed to have influenced the paper. The infaomantered here will appear in the
published version, so please do not include theesarthe manuscript file.

Reviewers are also asked to declare any interdsts rhight interfere with their
objective assessment of a manuscript. Any relegamipeting interests of authors must
be available to editors and reviewers during theere process and will be stated in
published articles. Read more about PLOS's Conpétierests Policy.

7.3.5 Abbreviations

Please keep abbreviations to a minimum and defiem wpon first use in the text. Non-
standard abbreviations should not be used unlegsappear at least three times in the
text.

7.3.6 Nomenclature

The use of standardized nomenclature in all fiedflsscience and medicine is an
essential step toward the integration and linkihgaentific information reported in
published literature. We will enforce the use ofreot and established nomenclature
wherever possible:

We strongly encourage the use of Sl units. If youndt use these exclusively, please
provide the Sl value in parentheses after eackevalu

Species names should be italicized (d4gmo sapiensand the full genus and species
must be written out in full, both in the title dfe& manuscript and at the first mention of
an organism in a paper; after that, the first tetfethe genus name, followed by the full
species name may be used.

Genes, mutations, genotypes, and alleles shouldntheated in italics. Use the
recommended name by consulting the appropriate tigenemenclature database,
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e.g., HUGO for human genes. It is sometimes adigsabindicate the synonyms for
the gene the first time it appears in the text. &prefixes such as those used for
oncogenes or cellular localization should be showiloman: v-fes, c-MYC, etc.

The Recommended International Non-Proprietary N&ritéN) of drugs should be

provided.
7.3.7 Accession Numbers

All appropriate datasets, images, and informatitwoukl be deposited in public
resources. Please provide the relevant accessiotbaers (and version numbers, if
appropriate). Accession numbers should be providguhrentheses after the entity on
first use. Suggested databases include, but ademtad to:

ArrayExpress

BioModels Database

Database of Interacting Proteins

DNA Data Bank of Japan [DDBJ]
DRYAD

EMBL Nucleotide Sequence Database
GenBank

Gene Expression Omnibus [GEO]
Protein Data Bank
UniProtKB/Swiss-Prot

ClinicalTrials.gov

In addition, as much as possible, please providesaton numbers or identifiers for all
entities such as genes, proteins, mutants, diseeteesfor which there is an entry in a
public database, for example:

Ensembl

Entrez Gene

FlyBase

InterPro

Mouse Genome Database (MGD)

Online Mendelian Inheritance in Man (OMIM)

PubChem
Providing accession numbers allows linking to amoinf established databases and
integrates your article with a broader collectidrs@entific information.

7.3.8 Organization of the Manuscript

Most articles published IRLOS Neglected Tropical Diseasm® organized into the
following sections: Title, Authors and Affiliationébstract, Author
Summary, Introduction, Methods, Results, Discusskarknowledgments, References,
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Figure Legends, and Tables. Uniformity in formatilitates the experience of readers
and users of the journal. To provide flexibilitypwever, the Results and Discussion can
be combined into one Results/Discussion sectioh.mfnuscripts must contain line
numbers. Although we have no firm length restricsidor the entire manuscript, we
urge authors to present and discuss their findiogsisely.

7.3.8.1 Templates for Specific Study Types

Clinical Research article
Clinical Trial article

Systematic Review / Meta-Analysis article

These manuscript templates will help to prepare yoanuscript in the standard format.
The templates consist of the standard headingg alaih body text explaining what to
include in each section. You should overwrite (@pyand paste) the body text with the
corresponding section text for your article.

7.3.8.2 Title (150 characters)

The title should be specific to the study yet ceaciand should allow sensitive and
specific electronic retrieval of the article. Itoshd be comprehensible to readers outside
your field. Avoid specialist abbreviations if pdssi. Titles should be presented in title
case, meaning that all words except for prepostianticles, and conjunctions should
be capitalized. If the paper is a randomized cdletiotrial or a meta-analysis, this
description should be in the title.

Examples:

Climate Change and Spread of Lymphatic FilariasiSub-Saharan Africa
A Cluster-Randomized Controlled Trial of a Nursedllegeworming Program for Soil-

Transmitted Helminths
Please also provide a brief Short Title of no ntbe 50 characters (including spaces).

7.3.8.3 Authors and Affiliations

Provide the first names or initials (if used), mMadames or initials (if used), surnames,
and affiliations—department, university or orgami@a, city, state/province (if
applicable), and country—for all authors. One & #uthors should be designated as the
corresponding author. It is the corresponding atgh@sponsibility to ensure that the
author list, and the summary of the author contriims to the study are accurate and
complete. If the article has been submitted on lbetfaa consortium, all consortium
members and affiliations should be listed afterAlknowledgments.

(For authorship criteria, see Supporting Informatiand Materials Required at
Submission)
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7.3.8.4 Abstract

The abstract succinctly introduces the paper. Wesadhat it should not exceed 250 —
300 words. It should mention the techniques usdflount going into methodological
detail and summarize the most important resulth wiportant numerical results given.
The abstract is conceptually divided into the foilog three sections with these
headings: Background, Methodology/Principal Findingnd Conclusions/Significance.
Please do not include any citations in the abstfaatid specialist abbreviations.

7.3.8.5 Author Summary

We ask that all authors of research articles ireladl50- to 200-word non-technical
summary of the work, immediately following the Atasit. Subject to editorial review

and author revision, this short text is publishethall research articles as a highlighted
text box.

Distinct from the scientific abstract, the authamsnary should highlight where the
work fits in a broader context of life science krnesge and why these findings are
important to an audience that includes both s@entind non-scientists. Ideally aimed
to a level of understanding of an undergraduatdestyy the significance of the work
should be presented simply, objectively, and witrexaggeration.

Authors should avoid the use of acronyms and comgbgentific terms and write the
author summary using the first-person voice. Authoay benefit from consulting with
a science writer or press officer to ensure thaly teffectively communicate their
findings to a general audience.

Examples are available at:

Pseudogenization of a Sweet-Receptor Gene Accdant€ats' Indifference toward
Sugar

A Hybrid Photoreceptor Expressing Both Rod and CGeees in a Mouse Model of
Enhanced S-Cone Syndrome

Life in Hot Carbon Monoxide: The Complete Genomeugamce of Carboxydothermus
hydrogenoformans Z-2901

7.3.8.6 Introduction

The introduction should discuss the purpose ofsthdy in the broader context. As you
compose the introduction, think of readers whoratexperts in this field. Include a
brief review of the key literature. If there ardereant controversies or disagreements in
the field, they should be mentioned so that a nqed reader can delve into these
issues further. The introduction should concludéhva brief statement of the overall
aim of the experiments and a comment about whétla¢aim was achieved.
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7.3.8.7 Methods

This section should provide enough detail for repiction of the findings. Protocols for
new methods should be included, but well-estabfisipeotocols may simply be
referenced. Detailed methodology or supporting rimfation relevant to the
methodology can be published on our Web site.

This section should also include a section withcdpsons of any statistical methods
employed. These should conform to the criteriaioed by the Uniform Requirements,

as follows: "Describe statistical methods with egiouletail to enable a knowledgeable
reader with access to the original data to velify teported results. When possible,
quantify findings and present them with appropriatiicators of measurement error or
uncertainty (such as confidence intervals). Avelying solely on statistical hypothesis
testing, such as the use of P values, which failcdnvey important quantitative

information. Discuss the eligibility of research rgggpants. Give details about

randomization. Describe the methods for and sucsessy blinding of observations.

Report complications of treatment. Give numbersob$ervations. Report losses to
observation (such as dropouts from a clinical XriReferences for the design of the
study and statistical methods should be to standamtts when possible (with pages
stated) rather than to papers in which the desigmaethods were originally reported.
Specify any general-use computer programs used."

7.3.8.8 Results

The results section should include all relevantitp@s and negative findings. The
section may be divided into subsections, each witltoncise subheading. Large
datasets, including raw data, should be submitteds@pporting files; these are
published online alongside the accepted article rEsults section should be written in
past tense.

As outlined in the Uniform requirements, authorattpresent statistical data in the
Results section, should "...specify the statistioathods used to analyze them. Restrict
tables and figures to those needed to explainriugn@ent of the paper and to assess its
support. Use graphs as an alternative to tablds miény entries; do not duplicate data
in graphs and tables. Avoid nontechnical uses dirteal terms in statistics, such as
"random" (which implies a randomizing device), "mal," "significant,” "correlations,"
and "sample." Define statistical terms, abbreviajand most symbols."

7.3.8.9 Discussion

The discussion should be concise and tightly argieghould start with a brief
summary of the main findings. It should include ggaaphs on the generalisability,
clinical relevance, strengths, and, most imporyarite limitations of your study. You
may wish to discuss the following points also. Hde the conclusions affect the
existing knowledge in the field? How can futureeash build on these observations?
What are the key experiments that must be done?
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7.3.8.10Acknowledgments

People who contributed to the work, but do notthig criteria for authors should be
listed in the Acknowledgments, along with their gdyutions. You must also ensure
that anyone named in the acknowledgments agrdesirig so named.

Details of the funding sources that have suppatttedwork should be confined to the
funding statement provided in the online submissigstem. Do not include them in the
acknowledgments.

7.3.8.11References

Only published or accepted manuscripts should tedied in the reference list. Papers
that have been submitted but not yet accepted dhmatl be cited. Limited citation of
unpublished work should be included in the bodtheftext only as “unpublished data.”
All “personal communications” citations should bepported by a letter from the
relevant authors.

Style information:

PLOS uses the numbered citation (citation-sequemethod and first five authors, et
al.

References are listed and numbered in the ordetibg appear in the text.

In the text, citations should be indicated by tbierence number in brackets.

The parts of the manuscript should be in the coweserbeforeordering the citations:
body, boxes, figure captions, tables, and supppitiformation captions.

Abstracts and author summaries may not contaitiaits

Journal name abbreviations should be those found ftime NCBI

databases: http://www.ncbi.nlm.nih.gov/nimcatalog/pals.

Because all references will be linked electronjcalk much as possible to the papers
they cite, proper formatting of the referencesriscal. For convenience, a number of
reference software companies supply PLOS style s filde.g., Reference
Manager, EndNote).

Published Papers
1. Hou WR, Hou YL, Wu GF, Song Y, Su XL, et al. {20 cDNA, genomic sequence
cloning and overexpression of ribosomal proteinegéf (rpL9) of the giant panda
(Ailuropoda melanoleugaGenet Mol Res 10: 1576-1588.

Note: Use of a DOI number for the full-text articteacceptable as an alternative to or
in addition to traditional volume and page numbers.

Accepted, unpublished papers
Same as above, but “In press” appears insteackeqidfge numbers.
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Electronic Journal Articles
1. Huynen MMTE, Martens P, Hilderlink HBM (2005) &hhealth impacts of
globalisation: a conceptual framework. Global Healtl: 14. Available:
http://www.globalizationandhealth.com/content/1AL/Accessed 25 January 2012.

Books
1. Bates B (1992) Bargaining for life: A social toiyy of tuberculosis. Philadelphia:
University of Pennsylvania Press. 435 p.

Book Chapters
1. Hansen B (1991) New York City epidemics anddmstfor the public. In: Harden
VA, Risse GB, editors. AIDS and the historian. Bxsitha: National Institutes of Health.
pp. 21-28.

7.3.8.12Figure Legends

The aim of the figure legend should be to desctiilgekey messages of the figure, but
the figure should also be discussed in the texteAlarged version of the figure and its
full legend will often be viewed in a separate wvondonline, and it should be possible
for a reader to understand the figure without switg back and forth between this
window and the relevant parts of the text. Eaclemelgshould have a concise title of no
more than 15 words that can stand alone, withoaitube of figure part labels. The
overall legend itself should be succinct, whildl stkplaining all figure parts, symbols,

and abbreviations. Avoid lengthy descriptions otoels.

7.3.8.13Tables

All tables should have a concise title. Footnotas be used to explain abbreviations.
Citations should be indicated using the same styleutlined above. Tables should not
occupy more than one printed page; larger tablaseapublished as online supporting
information. Tables must be cell-based; do notpistire elements, text boxes, tabs, or
returns in tables. Please ensure that the filefooonto our Guidelines for Figure and

Table Preparation when preparing your tables fodgpction.

Tables should be placed at the end of the manusthgp rather than uploaded
separately into the submission system.

7.3.8.14Multimedia Files and Supporting Information

We encourage authors to submit essential suppoafitesyand multimedia files along
with their manuscripts. All supporting material Wile subject to peer review, and
should be smaller than 10 MB in size because ofdiffeculties that some users will
experience in loading or downloading files of aagee size.

Supporting files should fall into one of the follmg categories: Dataset, Figure, Table,
Text, Protocol, Audio, or Video. All supporting orimation should be referred to in the
manuscript with a leading capital S (e.g., Figuré for the fourth supporting
information figure). The numbered title and captioneach supporting information file



129

should be included in the main article file, aftbe titles and captions for the main
figures.

Supporting files may be submitted in a variety afnfats, but should be publication-

ready, as these files are not copyedited. Careftdlysider whether your supporting

information needs to be searchable and/or editabie,choose the most suitable format
accordingly. See the Figure Guidelines for moreaitletbout our requirements for

multimedia files and the file formats we accept.

7.4 9. Submission of Research Manuscripts
7.4.1 Are You Ready to Submit Your Manuscript?

We have provided an author checklist to help yapare your materials for submission
and to make the online submission process as Istfaigzard as possible. Please take
the time to look through the list before submittygr article.

If you are submitting a revised manuscript, youl vinhve been given substantial
guidance by the editors. We have provided a ch&tdkir revised manuscripts.

7.4.2 Electronic Submission

Detailed instructions for submission can be foumdtleePLOS Neglected Tropical
DiseasedManuscript Submission and Peer Review Web sitéesFare uploaded
individually and are combined into a single PDIe,fivhich must be approved by the
author at the end of the submission process.

Text files can be submitted in DOC or RTF formdedBe convert LaTeX files to one
of the acceptable formats.

Graphics files can only be submitted in EPS or fDiffnat. If possible, please label all
figures with a standard font such as Arial or Timdew Roman. Please read
the Guidelines for Figure Preparation before sutimgifigures.

7.5 10. Other Types of Articles
7.5.1 Articles for the Magazine Section

In addition to publishing original research pap@isDS Neglected Tropical
Diseasewill have an engaging magazine section with dedat@ditors. Articles in the
magazine section will mostly be commissioned, betwelcome your ideas for articles.
If you would like to write a magazine-section ddjcplease submit a presubmission
inquiry or a full submission. If you wish to subnaitfull submission, please note that
you must submit your manuscript as a "Researclclatti please kindly make a note in
the "Comments” box of your submission form and wé#l whange the article
categorization for you.

Word counts for magazine-section articles are givethe descriptions below. Very
long documents can be hosted as supplementary(8lgsporting Information) with the
magazine-section articles.
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7.5.1.1 Editorial

These 600- to 800-word articles are written in-leoly the Editor-in-Chief or a
member of the Editorial Board.

7.5.1.2 Viewpoints

Viewpoints are opinion pieces grounded in evidefidee word limit is 1,500 words.
Authors are encouraged to cite up to 15 refereimcegpport of their key assertions, and
to use a logical structure for their piece. We emage all authors to include a display
item (a figure, photo, or illustration), which wilbe published under the Creative
Commons Attribution License. Please see Guidelioe$able and Figure Preparation.

7.5.1.3 Debate

The Debate highlights topical, emerging, or congrgial issues in the NTDs field, such
as controversies about the best treatment or ptiemeapproach. Debates will be

commissioned from two or more authors with diffgrpoints of view. Each author has
up to 800 words and 10 references to outline théial viewpoint, and then 400 words

and 5 references to respond to the opposing viewpW@/e encourage each author to
include a display item (a figure, photo, or illegton), which will be published under

the Creative Commons Attribution License. Pleage@Geaidelines for Table and Figure
Preparation.

7.5.1.4 Policy Platform

These articles provide a platform to discuss spegiblicies that could improve the
lives of those at risk of, or affected by, the NTD&w and specific policy proposals
that arise from high-level national or internatibngeetings will be considered for this
section, but we will not publish traditional "mewgireports.” These articles are usually
2,000 words, with up to 25 references. In very pkioaal circumstances (i.e., when the
article is of particular public-health importance)e will give authors a higher word
limit, but this must be negotiated with the editaisead of writing the article. We
encourage all authors to include 3-5 display it¢figgires, photos, illustrations), which
will be published under the Creative Commons Atitiin License. Please
see Guidelines for Table and Figure Preparation.

7.5.1.5 Review

In these articles, the author reviews the besiaai evidence on a topic relevant to the
NTDs community. Authors must include a short alusteand a brief "Methods" section
that tells readers how they searched and apprtisdierature in preparing the review.
The word limit is 3,000 words, with 50-80 referesceln very exceptional
circumstances (i.e., when the article is of pakicpublic-health importance), we will
give authors a higher word limit, but this mustregotiated with the editors ahead of
writing the article. Authors must include two boxes

A box that lists the 3-5 key learning points inithreview



131

A box that lists the 5 key papers in the field

We encourage all authors to include 3-5 displayn#e(figures, tables, photos, or
illustrations), which will be published under thee@tive Commons Attribution
License. Please see Guidelines for Table and Figuaparation.

7.5.1.6 Expert Commentary

In this article, we commission an expert to commamta Research Article published
in PLOS Neglected Tropical Diseas@$he author will usually be the Academic Editor
who oversaw the peer review of the Research Artarl@ne of the peer reviewers. The
word limit is 1,000 words, with up to 15 referenclge may also commission expert
commentaries on research papers in other jourpiadsided that these papers are freely
available online. We encourage all authors to iela display item (a figure, photo, or
illustration), which will be published under thegative Commons Attribution License.
Please seeGuidelines for Table and Figure Preparati

7.5.1.7 From Innovation to Application

These short articles (1,000 words, 10 referencesjugs new technologies, such as
drugs, vaccines, and diagnostics, relevant to NTRghors are asked to take an
objective and critical view, and they should inaua box that lists up to 3 advantages
and 3 disadvantages of the new technology. We agill for a second box or table
depending on what kind of tool is described (foaraple, if the tool is a new diagnostic
tool, we will ask for a table that gives the semgit and specificity of the new tool
compared with the existing gold standard). Autheith competing interests related to
the technology (e.g., financial ties) will not bkowed to write for this section. We
encourage all authors to include a display iterfigiare, photo, or illustration), which
will be published under theCreative Commons Attiifliu License. Please
see Guidelines for Table and Figure Preparation.

7.5.1.8 Photo Quiz

These articles provide question-and-answer chatketigat illustrate a key clinical issue
in the diagnosis, management, or prevention of @glected tropical disease.
Submissions should follow this format:

Case Discussion and Question

. Initial brief presentation of a clinical case wkhy images that invite a diagnosis from

the reader.

. The question portion may state the history of thsecand note the findings and the
outcome, but it should not provide the diagnosise Tase presentation and question
should be written in a single paragraph of no mibi@n 150 words and should be

accompanied by no more than 2 images/figures. €leas Guidelines for Table and

Figure Preparation.
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3. Similar to the Clinical Symposium manuscripts, aushmust obtain written consent
from the patient using ourconsent form (also add inFrench, Portuguese,
and Spanish).

« Answer/Discussion. The Answer section should gike tiagnosis, followed by a
discussion of the most relevant clinical issuesrfrawe than 1,200 words).

« Key Learning Points. Authors must include a box fiss 3-5 key learning points of
the case, similar to other clinical section$0fOS Neglected Tropical Diseases

- References. No more than 10 references.
7.5.1.9 Symposium

This section has four sub-types:

« Laboratory Symposium
+ Clinical Symposium
+ Control Symposium

« Social, Cultural, Economic Symposium
In each case, the article begins by presenting# Steal-world" problem or challenge,
and then uses this problem as the basis for anaédoal piece of up to 2,000 words,
with 25 references. Further details for each tyljpgymposium are given below:

Laboratory Symposium

These are problem-based learning articles, upG002ywords long. They begin with a
description of a "real-world" problem (not a hypetibal one), which will be in the
form of a set of laboratory results (e.g., micrgscohematology results, drug
susceptibility tests, alternative diagnoses) thatiateresting, illuminating, or unusual
and that will appeal to the journal’'s wider audien€his is then followed by a tutorial
in the form of a series of questions and answeas liklp readers make sense of, and
learn from, this set of laboratory results. Authorast include a box that lists the 3-5
key learning points of the article. We cannot pshblany data that would identify a
patient unless we have the patient’s written cofisaesing our consent form (also
available in French,Portuguese, and Spanish). \Weeueage all authors to include 3-5
display items (figures, photos, illustrations), efhiwill be published under the Creative
Commons Attribution License. Please see Guidelioe$able and Figure Preparation.

Clinical Symposium

There are two types of article that we will publishithe Clinical Symposium section:

+ Case-based learning articles, up to 2,000 wordg. [bhese begin with a description of
how the patient presented, under the heading "p®er of Case." This is then
followed by a tutorial in the form of clinical quemns and answers interspersed with
further details of the case. An example of how tityise of article is structured is
at http://dx.doi.org/10.1371/journal.pmed.0020228e title should succinctly describe
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the problem but should not reveal the diagnosig.,(6A 17-Year-Old with Gradual
Onset Blindness” or "A 45-Year-Old Woman with Choottching™). Authors must
obtain written consent from the patient using camsent form (also available
in French, Portuguese, and Spanish). Authors nmetiide a box that lists the 3-5 key
learning points of the article. We strongly recomshé¢hat authors include examples of
the patient’s investigations (e.g., imaging, elecardiograms, a video of the patient’s
clinical signs), all of which will be published uerdthe Creative Commons Attribution
License.

Case reports, up to 1,000 words long. Case repuaitsnot be commissioned. To
inquire about submitting a case report, please iepi@sntds [at] plos.org Authors
must obtain written consent from the patient usinug consent form (also available
in French, Portuguese, and Spanish). We will phlisly cases that contain a valuable
lesson or clinical reminder, and authors must idelwa box that lists the 3-5 key
learning points of the article. An example of hoase reports iIPLOS Neglected
Tropical Diseaseshould be structured is
athttp://dx.doi.org/doi:10.1371/journal.pmed.00190MWe strongly recommend that
authors include examples of the patient's invetibga (e.g., imaging,
electrocardiograms, a video of the patient’'s chhisigns), all of which will be
published under the Creative Commons Attributiooehise. Please see Guidelines for

Table and Figure Preparation.
Control Symposium

These are problem-based learning articles, upG002ywords long. They begin with a
description of a "real-world" disease control ceafe (i.e., at the community level, not
the individual level). This is then followed by atdrial in the form of a series of

questions and answers that help readers underbtamdo tackle this type of control

problem. Authors must include a box that lists 3H& key learning points of the article.
We cannot publish any data that would identify Higpé unless we have the patient’s
written consent, using our consent form (also awéd in French, Portuguese,
and Spanish). We encourage all authors to inclu@led&play items (figures, photos,
illustrations), which will be published under thee@tive Commons Attribution

License. Please seeGuidelines for Table and Figueparation.

Social, Cultural, Economic Symposium

These are problem-based learning articles, up@002ywords long. They begin with a
description of a "real-world" scenario with sociayltural, or economic implications.
Examples include: the case of a woman with lymghitariasis whose family is too
afraid to touch her; an African community that deet to allow mass drug
administration because of culturally based suspgiof "Western" medicine; the case
of a man blinded by trachoma or onchocerciasis o no longer provide for his
family; or the case of a boy with chronic hookwanfection with chronic stunting and
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cognitive difficulties. The description of the segio is then followed by a tutorial in

the form of a series of questions and answers liklg readers understand how to
approach such social, cultural, and economic caiscéuthors must include a box that
lists the 3-5 key learning points of the articlee \Wannot publish any data that would
identify a patient unless we have the patient’'sttemi consent, using our consent
form (also available in French, Portuguese, anaiSha We encourage all authors to
include 3-5 display items (figures, photos, illasions), which will be published under
the Creative Commons Attribution License. PleaseGeidelines for Table and Figure
Preparation.

7.5.1.10Historical Profiles and Perspectives

These articles look back in history to discuss talvle figure or a control program that
worked or failed. Articles should be up to 1,500ré& with 15 references. We
encourage all authors to include a display itegui, photo, illustration), which will
be published under the Creative Commons Attributimense. Please see Guidelines
for Table and Figure Preparation.

7.5.1.11Interviews

These articles are up to 1,000 words long, andathior interviews a person who has
made an important contribution to the fight agalM$Ds. We encourage the author to
include a photo of the interviewee, which will beibfished under the Creative
Commons Attribution License.

7.6 11. Overview of the Production Process

Before formal acceptance, the manuscript will beckled by PLOS staff to ensure that
it complies with all essential format requiremenitke authors' files are then carefully
tagged to generate XML and PDF files, but will hetsubject to detailed copyediting.

Once an article has been accepted for publicatiemanuscript files are transferred
into our production system and will be publishedPiDF and HTML formats, with an
XML download option. Articles will also be archived PubMed Central.

7.7 12. Embargoes and the Media

Authors are of course at liberty to present andcudis their findings ahead of
publication: at medical or scientific conferencas,preprint servers, and in blogs, wikis
and other informal communication channels. We reuend, however, that authors not
contact the media or respond to such contact umlesarticle has been accepted for
publication and an embargo date has been estathliBf@spect for press embargoes will
help to ensure that your work is reported accuwatekhe popular media, and that the
full peer-reviewed paper is freely available to amgrested reader when the news item
is published. If a journalist has covered a piecevark ahead of publication, this will
not affect consideration of the work for publicaticee also our embargo guidelines for
journalists.



