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RESUMO

A leishmaniose tegumentar americana (LTA) é uma doenca complexa com caracteristicas
clinicas e epidemioldgicas que podem variar em cada regido. Devido ao seu carater focal é
imprescindivel a compreensdo da dindmica da doenga em nivel local assim como a
disponibilidade de métodos de diagnostico efetivos para a implementacdo de estratégias de
controle e prevencdo. A definicdo de caso é feita através de exames clinicos associados aos
dados epidemioldgicos e exames laboratoriais. O diagnostico clinico da LTA é dificil, por
assemelhar-se a outras doencas dermatoldgicas. A confirmacdo laboratorial baseia-se em analises
parasitologicas, imunolégicas e moleculares. Um dos pontos criticos do diagndstico € a coleta
das amostras para analise, que emprega métodos invasivos, de dificil operacionalizacdo e
desconfortaveis para os pacientes. O estudo propde avaliar um método de coleta de amostras ndo
invasivo em pacientes de area endémica em Pernambuco, Brasil para o diagnostico da LTA. A
analise da literatura mostra que a doenca é endémica em todas as regiGes geogréaficas do Estado
com maior prevaléncia na Mata Atlantica ocorrendo surtos esporadicos ocasionais nessa regiao e
no Agreste, disseminando-se para outras areas e com o aumento da incidéncia em todo o estado;
o principal agente etiolégico da LTA em Pernambuco é a Leishmania (Viannia) braziliensis;
diversas espécies de flebotomineos vetores sdo amplamente distribuidas em todo o territorio do
estado, predominando Lutzomyia whitmani no intra e peridomicilio e L. complexa, L. choti e L.
sordelli em remanescentes florestais; roedores silvestres e comensais participam no ciclo de
manutencdo e transmissdo da LTA em Pernambuco. De transmissdo vetorial, a LTA também
pode ser adquirida como acidente ocupacional pela contaminacdo com material das lesdes dos
pacientes e manejo de animais e/ou cultura no laboratorio. Dois casos de acidentes ocupacionais
por Leishmania spp. foram diagnosticados através de PCR a partir de amostras coletadas por
swab, método ndo invasivo. Estas ocorréncias comprovam o potencial de risco em ambiente de
laboratdrio e campo, com a necessidade de rigidos procedimentos de biosseguranca nas rotinas
diarias. Comparando os resultados das analises em amostras de material de lesbes cutaneas de
pacientes foi observado que apesar de considerado padrdo ouro, apenas 70,6% dos pacientes
foram positivos pelo método direto. Pela técnica de PCR tendo como alvo KDNA de minicirculos
de Leishmania (Viannia) foi observada uma positividade de 79,5%. A analise estatistica para
comparacao do desempenho das técnicas de coleta de amostras pareadas por swab e bidpsia para
o0 diagnostico da LTA por PCR revelou que a coleta por swab é uma alternativa valida. Os
resultados permitem concluir que pela simplicidade da coleta de amostra por swab, associada a
alta sensibilidade e especificidade da PCR, o procedimento constitui uma importante
contribuicédo para aperfeicoamento do diagnostico e para o sucesso do controle da LTA em areas
endémicas.

Palavras chaves: Leishmaniose tegumentar americana. Diagnostico. Coleta de amostras. Swab.
Bidpsia. PCR.



ABSTRACT

American cutaneous leishmaniasis (ACL) is a complex disease with clinical and epidemiological
characteristics that may vary in each region. As a focal disease, understanding its dynamics at
local level, as well as, the availability of effective diagnostic methods, is essential for control and
prevention strategies. Case definition bases on clinical features associated with epidemiological
data and laboratory tests. ACL clinical diagnosis is difficult, due to the resemblance with other
dermatological diseases. Laboratory diagnosis employs parasitological, immunological or
molecular analyzes. One of the diagnosis weaknesses is the lesion samples collection for
analysis, usually performed using invasive methods, of difficult performance and jeopardizes the
patients. The study proposes to evaluate a non-invasive samples collection method to employ on
ACL diagnosis in patients from endemic areas in Pernambuco state, Brazil. The literature shows
that the disease is endemic in all geographic regions of the state with higher prevalence in the
Atlantic Forest region and occasional sporadic outbreaks occurring there and in the “Agreste”
region. Furthermore, the disease is spreading to other areas and its incidence is increasing
throughout the state. The main etiological agent of ACL in Pernambuco is Leishmania (Viannia)
braziliensis; several species of sandflies vectors are distributed throughout the territory of the
state, mainly Lutzomyia whitmani found indoor and outdoor premises and L. complex, L. choti
and L. sordelli in forest remnants; wild and commensal rodents are involved in the maintenance
and transmission cycle of ACL in Pernambuco. Although a vector borne disease, ACL can also
be acquired though occupational accident by contamination handling patients’ lesion material
and animals and / or culture management in the laboratory. Two cases of occupational accidents
by Leishmania spp. were diagnosed by PCR from samples collected by swab, a non-invasive
method. These occurrences confirm the potential risk in laboratory and field activities and the
need of strict biosecurity procedures in daily routines. Comparing results of analyzes of samples
from patients skin lesions, although considered the gold standard, only 70.6 % of patients were
positive by the direct parasitological method while PCR targeting Leishmania (Viannia) kDNA
minicircles achieved 79.5 % positivity. Statistical analysis for comparison of PCR performance
on paired samples collected by swab and by biopsy revealed that the swab collection method is
an effective alternative for ACL diagnosis. Concluding, the results indicate that considering the
simplicity of sample collection by swab, associated with PCR high sensitivity and specificity, the
procedure is valuable for ACL diagnosis and will contribute for improving the disease control in
endemic areas.

Key words: American cutaneous leishmaniasis. Diagnostic. Sample collection. Swab. Biopsy.
PCR.
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1 INTRODUCAO

As leishmanioses estdo no quadro das protozoonoses heterdxenos com alta prevaléncia
em regides tropicais e subtropicais. S&8o parasitoses complexas que apresentam duas formas
clinicas principais: a leishmaniose visceral (LV) mais agressiva que se nao tratada é fatal, e a
leishmaniose tegumentar (LT), denominada no Brasil leishmaniose tegumentar americana
(LTA). A gravidade dessas formas clinicas varia de acordo com os agentes etiologicos, estado
imunolégico do paciente, manifestagdes clinicas, evolucdo da doenca e resposta ao tratamento.
Com a urbanizacdo e expansdo dessas patologias faz-se necessario o aperfeicoamento de um

diagnostico diferencial, precoce, efetivo e mais sensivel.

Os meétodos classicos disponiveis para o diagnostico da LTA nao apresentam a eficacia e
aplicabilidade desejadas. Sendo assim, € necessario avaliar a historia epidemioldgica
(procedéncia), social (habitos e profissdo), aspectos clinicos (sinais e sintomas) e a confirmacao
laboratorial dos casos 0 que pode ser realizado através dos métodos parasitoldgicos (exame
direto e cultura), imunologicos (Intradermoreacdo de Montenegro - IDRM, reacdo de
imunofluorescéncia indireta - RIFI, testes imunuenzimaticos (Enzyme linked immunosorbent

assay-ELISA) e Western blotting (W. blot) e moleculares.

Entre os métodos moleculares desenvolvidos com alta sensibilidade, especificidade e
rapidez dos resultados, a reagdo em cadeia da polimerase (PCR) vem sendo aplicada no
diagnostico da LTA. A PCR permite a identificacdo de espécies de Leishmania em casos sub
clinicos da doenca, e/ou de baixa carga parasitaria, 0 acompanhamento do tratamento e distincao
entre infeccOes ativas e passadas. Apresenta-se como uma ferramenta muito valiosa para esse
grupo. Em geral é precedida de uma bidpsia para obtencdo do material bioldgico, alvo da anéalise,
porém existe o incdmodo ao paciente inerente a retirada de tecido, gerando em algumas ocasides,
um processo inflamatorio. Por outro lado, como a coleta ocorre, apenas, em determinado ponto

da borda lesionada, ndo se assegura que neste local existam parasitos disponiveis.

Neste contexto, a utilizagdo de um procedimento ndo invasivo assume grande
importancia para o diagnostico. A coleta de amostras utilizando swab de algoddo é um
procedimento préatico, rapido e ndo invasivo, ndo acarreta incbmodo ao paciente, pois o contato
com a area lesionada durante a coleta de material é sutil e praticamente livre de risco de causar
infeccdo bacteriana. O presente estudo propde contribuir com os aspectos clinicos,

epidemioldgicos da LTA em Pernambuco e avaliar o desempenho do método de coleta de
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amostras de lesGes de pacientes utilizando swab em associagdo a técnica diagndstica de PCR
objetivando seguranca adequada e precisao no diagndéstico da doenca.
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2 JUSTIFICATIVA

As éreas de ocorréncia da LTA estdo em expansdo, em consequéncia principalmente das
modificagdes ambientais provocadas pelo homem, aos deslocamentos populacionais originados
de areas endémicas e a insuficiente infra-estrutura da rede de assisténcia e vigilancia em saude.
Rotineiramente, o diagnostico laboratorial da LTA emprega procedimentos invasivos para coleta
de amostras que podem apresentar riscos de infeccdo secundaria ao paciente e dificuldade
operacional. A bidpsia da borda da lesdo é realizada apenas por profissional médico em
ambientes especialmente preparados para execucdo da técnica. Além disso, esse tipo de coleta
pode ser mais dificil em criancas e em lesBes de certas areas do corpo (ex. palpebras, cartilagens

do pavilh&o auricular).

Assim, o carater grave e crénico da doenca justifica o desenvolvimento de um método
ndo invasivo para coleta de amostras para o diagndstico, que proporcione 0 minimo incémodo ao
paciente e ndo apresente riscos de infeccdo no local. Apesar da diversidade de métodos de coleta
de amostras, procedimentos ndo invasivos ainda nao foram validados para o diagnostico da LTA.
A auséncia de validacdo desses métodos vem impossibilitando a implementacdo dos mesmos nas
rotinas de diagndstico laboratorial da doenca em servigos publicos de satde. O método proposto
no nosso estudo permite a realizacdo da coleta de amostras de maneira simples por um técnico
qualificado de nivel médio, e viabiliza o procedimento em locais de dificil acesso aos servigos de

salde.

A proposta ndo pretende substituir a coleta de amostras por biopsia para o diagnéstico da
LT, mas introduzir a coleta com swab como método de coleta de amostra associada ao
diagndstico por PCR, que confere sensibilidade e especificidade na identificacdo do parasita.
Trata-se de uma pesquisa relacionada a inovacgdo tecnoldgica que poderd trazer beneficios
substanciais aos pacientes. O método desenvolvido podera ser incorporado na rotina do Servigo
de Referéncia em Leishmaniose do CPqAM/FIOCRUZ-PE e repassado para os laboratorios da
rede do Ministério da Saude (MS): os Laboratorios Centrais (LACEN), e demais servicos de

saude.



BRITO M.E.F 19

3 OBJETIVOS

3.1 GERAL

Contribuir para o conhecimento de aspectos clinicos e epidemiolégicos da leishmaniose
tegumentar americana em Pernambuco e, avaliar o uso associado de método de coleta ndo

invasivo e a técnica de PCR, para o diagndstico da doenca.

3.2 ESPECIFICOS:

» Expor o estado da arte do conhecimento acumulado sobre os aspectos clinicos e

epidemioldgicos da leishmaniose tegumentar americana em Pernambuco;

» Avaliar o método de coleta, por swab, de amostras de lesdes cutaneas de pacientes para
diagnostico da LTA por PCR;

» Estimar a concordancia do emprego de PCR para o diagndéstico da LTA, considerando o
uso dessa técnica associada aos métodos de coleta por swab e biopsia;

» Comparar a sensibilidade e a especificidade entre a PCR em amostras coletadas por swab

e exame direto.
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4 REVISAO DA LITERATURA
Caracteristicas gerais da LTA

A leishmaniose tegumentar americana (LTA) é uma doenca infecto-parasitaria, nédo
contagiosa, causada por protozoario do género Leishmania, de transmissdo vetorial, que acomete
pele e mucosa. Considerada antes, uma zoonose entre animais silvestres também afeta 0 homem
e outros animais em ambientes domiciliar e peridomiciliar (AGUILAR et al., 1989; BARBOSA-
SANTOS et al., 1994; LAISON et al., 1994).

E uma doenca transmissivel com quadro de persisténcia, em funcdo das altas
prevaléncias, ampla distribuicdo geografica e potencial para evoluir para formas graves e
mutilantes (WHO, 2012). No Brasil, foram registrados 259.738 casos no periodo de 2002 a 2012
(Grafico 1), e no Estado de Pernambuco 5.538 casos (Grafico 2), no mesmo periodo (SINAN,
2013).

Grafico 1. Distribuicéo dos casos notificados da leishmaniose tegumentar americana no Brasil no periodo de 2002 a
2012.
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Grafico 2. Distribuicdo dos casos notificados da leishmaniose tegumentar americana no estado de

Pernambuco, no periodo de 2002 a 2012.
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Modo de transmissao da LTA

Atualmente sdo reconhecidas nas Ameéricas, 14 espécies dermotropicas de Leishmania
causadoras de doenca humana e oito espécies descritas, somente em animais. No Brasil foram
identificadas sete espécies, sendo seis do subgénero Viannia e uma do subgénero Leishmania
(LAINSON; SHAW 1987;1972).

As principais espécies implicadas como agentes etiolégicos de LTA no Brasil séo
Leishmania (L.) amazonensis (LAINSON; SHAW et al., 1972), L. (V.) guyanensis (FLOCH
1954) e L. (V.) braziliensis (VIANNA, 1911). Outras espécies recentemente descritas como L.
(V.) lainsoni (SILVEIRA et al., 1987; 1991), L. (V.) naiffi (NAIFF; FREITAS; ARIAS, 1989), L.
(V.) shawi (SHAW et al., 1991) e L. (V.) lindembergi, também séo responsaveis pelos casos de
LTA no pais (SILVEIRA et al., 2002).

A L. (V.) braziliensis tem ampla distribui¢do no Brasil, desde o norte ao sul, tanto em
areas de colonizagbes antigas como recentes, estando associada & presenca de animais
domeésticos e é transmitida por diversas espécies de flebotomineos (LAINSON; SHAW, 1987).
A LTA causada por essa espécie é frequentemente encontrada em zonas de cultivo de cana-de-

acucar, cacau e banana. Em geral, a transmisséo vincula-se com atividades profissionais
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realizadas nestas regifes. Uma incidéncia significativa em criancas sugere que parte da
transmissdo ocorre no peridomicilio (BRANDAO et al., 1999). Esta infeccdo é frequentemente
contraida em terra firme, causa lesdes cutaneas (raramente multiplas) expansivas e persistentes,
com tendéncia a produzir metastases em mucosa nasal, atingindo cerca de 3 a 5% dos casos
(GOTO; LINDOSO, 2010). A enfermidade é conhecida por vérias denominagdes: "Ulcera de
Bauru”, leishmaniose cutdneo-mucosa, espundia e ferida brava (LAINSON; SHAW, 1987;
1998).

Séo considerados reservatérios da LTA as espécies de animais que garantam a circulacdo
de Leishmania spp. na natureza, dentro de um recorte de tempo e espaco. Casos de infeccdo
natural por L. (V.) braziliensis foram descritos em &rea endémica de LTA, em varias regides do
Sudeste e Nordeste do Brasil (AGUILAR et al., 1989), cées (Canis familiaris) (MADEIRA et al.,
2006; TOLEZANO et al., 2007), e gatos domésticos (Felis catus) (DANTAS-TORRES et al.,
2006; SAVANI et al., 2004); cavalos (Equus caballus), jumentos (Equus asinus) (BRANDAO-
FILHO et al., 2003; YOSHIDA et al., 1990), primatas ndo humanos (LAINSON; SHAW, 1998;
SHAW et al., 1991)

Diversos roedores silvestres e sinantropicos tém sido relatados como hospedeiros e
possiveis reservatérios naturais de L. (V.) braziliensis, pertencentes aos géneros Akodon
(FORATTINI et al., 1972b), Proechimys (LAINSON; SHAW, 1973), Rattus [LAINSON;
SHAW, 1979; BRANDAO-FILHO et al., 1994; VASCONCELOS et al., 1994), Oryzomys
(FORATTINI et al., 1972b; LAINSON; SHAW, 1969; FORATTINI et al., 1973), Rhipidomys
(LAINSON, R. et al.,, 1981b), roedores das espécies Nectomys squamipes (rato d’agua)
(BRANDAO-FILHO et al.,1994) e Bolomys lasiurus (rato-do-mato) [BRANDAO-FILHO et al.,
1994), e marsupiais do género Didelphis (LAINSON; SHAW, 1973).

Branddo-Filho et al. (2003) em estudo longitudinal realizado na Zona da Mata de
Pernambuco isolaram pela primeira vez a L. (V.) braziliensis por cultura a partir de amostras de
baco de roedores, obtendo cinco isolados do parasita em B. lasiurus (=3), N. squamipes (=1) e
Rattus rattus (=1). Posteriormente, Lima et al. (2013) corroboraram o envolvimento das espécies
N. squamipes, R. rattus e Holochilus sciureus como hospedeiros da Leishamania spp. em area de

alta endemicidade em Pernambuco.

O ciclo de transmissdo do parasito € caracterizado como indireto com a participacdo de
vetores pertencentes a ordem Diptera da subfamilia Phlebotominae. As fémeas da maioria das

espécies sdo hematofagas e sdo responsaveis pela transmissdo dos protozoarios que causam a
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LTA (FORATTINI 1973). Nas Américas e no Brasil, as principais espécies envolvidas na
transmissdo da doencga sdo Lutzomyia whitmani, L. intermedia, L. umbratilis, L. wellcomei, L.
flaviscutellata, e L. migonei. Em Pernambuco foram identificadas 37 espécies de vetores
distribuidas em todo estado, L. whitmani com predominancia no domicilio e peri domicilio e L.
complexa em focos de areas remanescentes (GUIMARAES et al., 2012; DANTAS-TORRES et
al., 2010; BRANDAO-FILHO et al., 1999;: ANDRADE et al., 2005 ).

Em ambiente de floresta o ciclo acontece sem a participagdo humana, caracterizando o
foco silvestre, descrito como enzootia. Nos reservatdrios silvestres, a infeccdo em geral é
inaparente e benigna. No entanto, 0 homem e alguns animais domésticos (caes, gatos, equinos e
jumentos) sdo considerados hospedeiros acidentais, quando esses entram em contato com areas
de transmisséo de Leishmania (AGUILAR et al., 1989; LAINSON; SHAW, 1994).

O ciclo bioldgico do parasito no hospedeiro vertebrado inicia-se quando a fémea do
flebotomineo, previamente infectada realiza o repasto sanguineo, inoculando os parasitos na
forma promastigotas. Estes penetram nos macrofagos pela acdo da fagocitose, e se transformam
na forma amastigota, as quais se multiplicam por divisdo binaria. A infeccdo é mantida pelo
rompimento da célula infectada, causada pelo excesso de parasitos, que podem ser novamente
fagocitados por outras células macrofagicas mais proximas (KILLICK-KENDRICK, 1977,
BEACH; KIILU; LEEUWENBURG; 1985).

No hospedeiro invertebrado o ciclo ocorre quando as fémeas dos flebotomineos, durante
sua alimentacao sanguinea, ingerem os macrofagos parasitados encontrados na pele ou no sangue
periférico. No tubo digestivo dos insetos, a forma amastigota modifica-se na forma promastigota,
que se multiplica por divisdo binaria e migra para a probodscida, podendo ser transmitida ao

vertebrado na proxima alimentacdo do inseto (AGUIAR 1986).
Aspectos clinicas

A LTA apresenta um amplo espectro de manifestacGes clinicas dependendo da espécie de
Leishmania envolvida (LAINSON; SHAW, 1978; WEIGLE; SARAIVA,1996), da relagdo com
o0 hospedeiro, da constituicdo genética e imunoldgica do paciente (BARRAL et al., 1991; REIS
et al., 2008), dos vetores e das caracteristicas epidemioldgicas (BRANDAO-FILHO et al., 1999).
As manifestacOes clinicas abrangem desde formas inaparentes ou lesdes de pele que podem
evoluir para cura espontanea (COSTA et al., 1992), até formas com ulceracBes multiplas e
comprometimento da mucosa, com tendéncia a recidivas (COUTINHO et al., 1987; PASSOS et
al., 2001).
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A lesdo se desenvolve no local da picada do inseto vetor em areas expostas na pele do
hospedeiro. Apds duas semanas a trés meses de incubagdo, surge um nddulo ou péapula
eritematosa, bem delimitada, as vezes arredondada, que pode evoluir aumentando de tamanho
acompanhado ou ndo de adenite regional (MARZOCHI, 1992; COSTA et al., 2009). A lesdo

pode ser Unica ou multipla, e mucosa.

A forma mais prevalente é a cutanea localizada (LCL) caracterizada pela presenca de
lesdo exclusivamente na pele em areas expostas do corpo (Figura 1A). A lesdo é geralmente
Unica, mas pode ocorrer varias (1-10), de tamanho variado, apresentando em geral bordos
elevados, tipo moldura, fundo granulomatoso, com ou sem exsudato (COSTA et al., 2009;
GOTO; LINDOSO 2012). A LCL apresenta tendéncia a cura e boa resposta ao tratamento
(MARZOCHI, 1992).

Outras formas menos frequentes sdo as formas impetigdide, liquendide, tuberculosa ou
lup6ide, nodular, vegetante, e ectimatéide (MARSDEN, 1986; SAMPAIO; RIVITT, 1998).

A forma recidiva cutis (LRC) caracteriza-se pelo desenvolvimento de lesGes satélites
préximo a parte lisa da lesdo primaria ou cicatriz (Figura 1B) apos tratamento (COSTA et al.,
2009) e estéa relacionada a imunidade inerente ao hospedeiro, e/ou a persisténcia parasitaria nas
afecgdes por L. braziliensis, onde s6 ha cura clinica, mas ndo parasitaria (SCHUBATH et al.,
1998; MENDONCA et al., 2004).

A leishmaniose disseminada (LD) caracteriza-se pelo aparecimento de multiplas (>10
lesbes) lesdes papulares de aparéncia acneiforme por vérias regides do corpo, especialmente face
e tronco (Figura 1C); ocorre posterioriormente a lesdo primaria, provavelmente por disseminacao
dos parasitos, via hematica ou linfatica. A LD responde ao tratamento com antimoniato (COSTA
etal., 1986; MARZOCHI, 1992; TURETZ; MACHADO; KO, 2006).

A forma cuténea difusa (LCD) é uma manifestacdo rara, caracterizada por lesGes
nodulares, distribuidas na pele, ricas em parasitos (Figura 1D). Ocorre em individuos com
deficiéncia imunoldgica; é de evolugdo crénica e sem resposta ao tratamento (CONVIT,
KERDEL-VEGAS, GORDON, 1962; MARZOCHI, 1992; BARRAL et al., 1995; DESJEUX,
2004; COSTA et al., 2009).

Outra apresentagdo é o acometimento mucoso que na sua maioria advém das formas
cutaneas podendo ocorrer simultaneamente (MARZOCHI, 1992). Estima-se que 3 a 5% dos

casos de leishmaniose mucosa (LM) ocorrem ap6s meses ou anos da LC. Compreende as formas
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infiltrativas iniciais, ulcerosa, vegetantes e Ulcero-vegetante (Figura 2). Acomete a regido
nasofaringea, laringe e cavidade oral, estd relacionada de forma predominante com a L.
braziliensis (MARSDEN 1994). Essa forma €& de natureza metastatica que pode ou nao

acompanhar os quadros cutaneos, o que dificulta o diagnostico no inicio da doenca (GOTO;

LINDOSO, 2010).

Figura 1. Fomas clinicas da leishmaniose tegumentar americana.

Legenda: (A) Leishmaniose cutanea localizada. (B) Leishmaniose recidiva cutis. (C) Leishmaniose
cuténea disseminada. (D) Leishmaniose cutanea difusa.
Fonte: Brito, M.E.F. (A, e C), 2000; (B) 2012;Manual de LTA (D).
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Figura 2. Forma clinica da leishmaniose.

Legenda: Leishmaniose mucosa
Fonte: Brito, M.E.F. (2013).

Diagnostico clinico, epidemioldgico e laboratorial da LTA

Classicamente o diagnostico da doenca estd fundamentado em provas laboratoriais
associadas a evidéncias clinicas e epidemiologicas. O diagnostico definitivo requer a
demonstracdo do parasito, as vezes de dificil visualizacdo, quando existem poucos parasitos na
lesdo (GRIMALDI JR; TESH, 1993).

O diagndstico clinico pode ser feito com base nos sinais e sintomas de diferentes formas
de lesbes da LTA, que sdo confusos e frequentemente assemelham-se aos de outras doencas
dermatoldgicas. As formas tegumentares dependem de alguns fatores como a espécie de
Leishmania envolvida e a relacdo do parasito com seu hospedeiro (SARAIVA et al., 1989). A
LTA produz um amplo espectro de lesdes, o que torna o diagnostico clinico nem sempre simples
ou imediato devendo ser diferenciada de outras doencas dermatoldgicas (GONTHO;
CARVALHO, 2003; MARZOCHI, 1992).

O diagndstico epidemiologico baseia-se nas informagfes relacionados as atividades
ocupacionais dos pacientes, procedéncia, residéncias anteriores e viagens a locais endémicos
para LTA (BRITO et al., 2008). Essas informacdes podem fornecer elementos importantes para
elucidacdo diagnostica (MARZOCHI, 1992; BRASIL, 2007).

O diagnostico laboratorial consiste na identificacdo direta do parasito pela visualizacdo
microscopica das formas amastigotas em material obtido da borda da lesdo por escarificagéo,
aspiracdo ou imprint de biopsia em ldminas coradas por Giemsa, Leishman ou Panético (KAR,

1995) e muitas vezes apresentam dificuldades, principalmente nos casos mais antigos, devido a
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escassez de parasitos nas lesbes (MARZOCHI, 1992), tendo em alguns casos, a resposta
terapéutica especifica incluida no diagndstico da doenca (KAR, 1995).

Métodos de coleta de amostras

A coleta de amostras das lesGes para diagnostico é realizada de diversas maneiras, mais
frequentemente empregando métodos invasivos, mas também se pode recorrer a métodos ndo

invasivos.
Coletas invasivas

Classicamente a coleta de material para diagndstico € realizada através dos seguintes

procedimentos:

Escarificacdo - realizada com auxilio de ldamina de bisturi estéril executando movimentos
de raspagem na borda das lesdes, previamente tratadas antissepticamente com solucdo salina
estéril (0,9 %) (Figura 4 - A). Com o material retirado faz-se esfregaco em lamina de
microscopia (BRASIL, 2007).

Puncdo aspirativa da borda da lesdo - realizada pela introducdo de 0,3 mL de salina estéril
através de seringa de 5 mL e agulha de 25x8G e aspiracdo (Figura 4 — B). O material aspirado é
inoculado em meio de cultivo ou em animal de laboratério (hamster = Mesocricetus auratus), e
feitos esfregacos em laminas (MARZOCHI, 1992; ROMERO et al.,1999; BRASIL, 2007).

Bidpsias cutaneas - sdo realizadas através de punch de 2-8 mm de didmetro (Figura 3). Os
fragmentos sdo retirados da borda da lesdo, apds antissepsia com clorexidina e infiltracdo
anestésica local com lidocaina (2 %), sob condicdes estéreis. Todos os procedimentos de
obtencdo de bidpsia sdo realizados por profissional médico em ambiente ambulatorial e as

amostras sdo acondicionadas a - 70 °C (Figura 4 — C).

A retirada de fragmentos de tecido pode ainda ser feita utilizando laminas de bisturi,
tesoura cirurgica, palito de madeira, shaving (SAMPAIO et al., 2002). A amostra coletada
servira para a confeccdo de imprint em laminas pela aposicdo do material, cortes histologicos,
inoculagdo em meio de cultura ou em hamster (NAVIN, 1990). Este procedimento deve ser
praticado em lesBes integras, sem infecgdes secundarias por fungos e/ou bactérias e que ndo
tenham sido tratadas. A bidpsia deve ser feita em lesdes recentes e ndo traumatizadas (ALVES et
al., 2011).
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Figura 3 - Punch utilizado na coleta de amostras por bidpsia.
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Fonte: www.fotosearch.com.br/fotos-imagens/punch.html

A bidpsia constitui o principal recurso para obtencéo de amostras para deteccdo do DNA
do parasito de lesbes cutanea e mucosa através da reacdo em cadeia da polimerase (PCR), para o
diagnostico da LTA (RODRIGUES et al., 2002). Embora esse método seja empregado na rotina
diagnostica possui varios inconvenientes tais como: causa desconforto ao paciente, apresenta
riscos de sangramento no local, necessitando de uma sutura, ndo é recomendado em pacientes
com deficiéncia de coagulacdo; apresenta dificuldade em éareas sensiveis de localizacdo das
lesbes, na realizacdo em criancas, e é feito exclusivamente por profissionais de saude
especializados (MANOCHA; BANSAL; FARAH, 2011).

Amostra de sangue - coletada por puncao intravenosa com seringa de 5 mL, agulha 25 x
7G e ap6s a coagulagdo do sangue, o soro é separado por cenrifugagéo e acondicionado a -20°C
(Figura 4 — D), que podem ser utilizadas para testes imunologicos e moleculares para o
diagnostico da LTA (KAR, 1995; RODRIGUES et al., 2002).
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Figura 4 - Métodos de coleta de amostras bioldgicas utilizadas na rotina
laboratorial para o diagndstico da leishmaniose tegumentar americana.

Legenda: (A) Escarificacdo com Iamina de bisturi. (B) Puncéo aspirativa da
borda da lesdo. (C) Bidpsia da borda da lesdo (D) Coleta de sangue
intravenosa.

Fonte: Brito, M.E.F. (2000).

Coletas nao invasivas

Diante da inconveniéncia dos métodos invasivos tem-se buscado o desenvolvimento de
métodos ndo invasivos para coleta de material de lesdes, que sejam simples, praticos, de menor
desconforto para o paciente, além de seguros, eliminando a utilizacdo de materiais perfuro —
cortantes (MIMORI et al., 2002; GARCIA et al., 2007; STRAUSS-AYALI et al., 2004;
FIGUEROA et al., 2009; BOGGILD et al., 2011; VALENCIA et al., 2012; LOMBARDO et al.,
2012;).

Exsudatos da superficie das lesdes ulceradas podem ser coletados com auxilio de swabs
de algodao estéreis. O swab ¢ movimentado em “zig-zag” sobre a superficie da lesdo de maneira
que todo o exsudato da superficie da lesdo seja impregnado no algoddo (centro e borda) (Figura
5). Para coleta em lesfes sem exsudatos, utiliza-se o0 swab impregnado com solucéo salina estéril
(0,9 %). LesOes crostosas, especialmente as consequentes de infeccdes secundarias, podem ser
lavadas com solucgdo salina estéril, depois se retira uma pequena parte da superficie crostosa,
preferencialmente da borda, com auxilio de gaze umedecida e em seguida realiza-se a coleta dos

exsudatos da area exposta.



BRITO M.E.F 31

O uso de swabs de algoddo (cotonetes estéreis) foi descrito pela primeira vez como um
método ndo invasivo para obtencdo de exsudato de lesdes ulceradas em pacientes em &reas
endémicas para LTA no Equador (MIMORI et al., 2002). O método foi considerado pelos
autores uma melhor alternativa de coleta ndo invasiva de amostras para diagnostico por PCR.
Entretanto nesse procedimento é utilizada uma Iamina de bisturi para romper a crosta ressecada

da les&o a fim de coletar os exsudatos, sendo entéo este procedimento tipicamente invasivo.

Figueroa et al., (2009) relataram a coleta de amostras de exsudatos de mucosa nasal,
amigdala e conjuntiva de pacientes de leishmaniose cutdnea e mucocutanea utilizando swabs e as

analises confirmaram a infec¢do por L. panamensis, L. guyannensis e L. braziliensis.

Boggild et al., (2011) realizaram um estudo comparativo utilizando a técnica de PCR para
diagnostico de LM em pacientes em Lima (Peru), a partir de amostras obtidas por procedimentos
invasivos (amostras de bidpsia de pele) e ndo invasivo (amostras obtidas através de escova
citologica comercial) observaram que o uso da escova citoldgica comercial tem como vantagens

a rapidez, boa aceitacdo pelos pacientes e ndo oferece os riscos dos procedimentos invasivos.

Esses mesmos autores (BOGGILD et al, 2011a) avaliaram o desempenho da coleta nédo
invasiva, por impressao de lesdes ulceradas e nodulares da LTA em impressdo da lesdo em papel
de filtro (FPLI) e relataram melhores resultados em lesdes ulceradas sem infec¢Oes secundarias e
a necessidade de tratamento prévio das lesbes que apresentarem infecces.

A comparacdo do desempenho da coleta de amostras em pacientes atendidos no Hospital
Nacional Cayetano Heredia, Peru, através de FPLI e escova citoldgica (ndo invasivos) e do
raspado (invasivo) da borda da lesdo da LTA revelou que os métodos ndo invasivos prestam-se
como métodos de coleta alternativos. O FPLI mostrou-se rapido e bem tolerado, com potencial

de ser utilizado no campo e em populacgdes pediatricas (VALENCIA et al., 2012).

Garcia et al. (2007) descreveram a utilizagdo de palitos de madeira estéreis para a coleta
de pequenos fragmentos superficiais de tecido cutaneo de lesbes de LTA em um estudo
desenvolvido em 44 pacientes da Bolivia através da técnica de RFLP restriction fragment lenght
polymorphism dirigida para a proteina hsp70 (heat-shock protein 70). Os testes apresentaram
95% de sensibilidade e 100% de especificidade. Apesar de ser considerada nédo invasiva, tal

pratica pode oferecer riscos, pela utilizacdo de material com as extremidades pontiagudas.

A deteccdo do agente causador da leishmaniose visceral humana (LV) em amostras

coletadas por swabs de secre¢des nasais e orais foi relatada inicialmente em 1934 por Forkner.
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Posteriormente, um estudo no Hospital Veterinario da Universidade de Jerusaléem foram
avaliadas e comparadas amostras obtidas por swab da conjuntiva de cdes, com amostras obtidas
por métodos invasivos, inclusive bidpsia de tecido canino e o método de coleta ndo invasivo
(swab) que se revelou uma alternativa para os estudos epidemioldgicos no diagndstico da
leishmaniose visceral canina (LVC) (STRAUSS-AYALI et al., 2004).

A avaliagdo do potencial da coleta ndo invasiva de amostras clinicas, por swab
conjuntival, nasal, oral, e pele de orelha para o diagnéstico molecular da LVC, utilizando a PCR
convencional, e a PCR em tempo real (qPCR) para verificar a carga parasitaria, (FERREIRA et
al., 2008; 2012) revelou o bom desempenho por ambas as técnicas, a partir do swab conjuntival
de cées assintomaéticos e constatou que este procedimento pode ser utilizado para diagnéstico em
caes sem expressdo clinica (LEITE et al., 2010). A coleta ndo invasiva por swab conjuntival
também se mostrou um método sensivel e pratico em um estudo em um grupo de cdes vacinados
contra LVC permitindo a detec¢do por PCR do DNA de Leishmania spp. (LEITE et al., 2011).

Através das analises imunoldgicas por citometria de fluxo em amostras de sangue e
aspirados de linfonodos de cdes das provincias da Caltanissetta, Palermo, Messina, Catania e
Sicilia, na Italia e amostras de swab oral e conjuntival foi considerado que a coleta ndo invasiva
pode ser um método alternativo para deteccdo de L. infantum em cées e que o procedimento pode
auxiliar no diagnostico da LV em cées pela facilidade de coleta, rapidez e maior conforto aos
animais (LOMBARDO et al., 2012).

Figura 5 - Método de coleta ndo invasivo

Legenda: Coleta de amostra ndo invasiva por swab utilizada
no estudo.
Fonte: Brito MEF (2010).
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Exames para o diagnostico da LTA
Pesquisa direta do parasito

Pesquisa direta - A visualizacdo do parasito por microscopia Otica em esfregacos de
material das lesdes é o padrdo-ouro para o diagnostico em todas as formas de leishmaniose. E um
procedimento rapido, de baixo custo e de facil execucdo, contudo, apresenta limitacGes, pois néo
permite distinguir espécies de Leishmania e possui baixa sensibilidade (50-79%). Nos casos de
LTA por L. (V.) braziliensis a escassez de parasitos, aumenta a probabilidade de resultados falso-
negativo e a positividade € inversamente proporcional ao tempo de evolugdo da doenca
(BENSOUSSAN et al, 2006; MARZOCHI, 1992), exceto em pacientes que apresentam a forma
difusa, pois neste caso os nddulos presentes na pele séo ricos em parasitos (CUBA et al., 1981;
1986). Na LTA a deteccdo das formas amastigotas pode também ser feita por técnicas
imunocitoquimicas em tecidos de lesdo e em imprints de tecido ou aspirado de lesdo em
membrana de nitrocelulose (SALINAS et al., 1989).

Analise histopatoldgica - permite o diagndstico da LTA, e € de grande utilidade no
diagndstico diferencial de processos ulcerativos indefinidos, especialmente para neoplasias
(BADARO; DUARTE, 2005), entretanto apresenta limitacdes no diagnostico da LTA, devido a
baixa sensibilidade, por apresentar resultados semelhantes aos de outras doenc¢as dermatologicas,
de caracteristica inflamatdria e/ou granulomatosa. O diagndstico histopatoldgico de certeza

depende da identificagéo do parasito nos tecidos (WEIGLE et al., 1987).

Isolamento e cultivo do parasito - o isolamento de promastigotas pelo cultivo em meio de
cultura de fragmentos de material obtido através de bidpsias e aspirados da borda de lesdes € de
grande importancia por ser altamente especifico. Além da confirmacdo do agente etioldgico
permite a identificagdo das espécies de Leishmania envolvidas (BARRAL et al., 1987
ROMERO et al., 1999). O método apresenta limitacbes do ponto de vista técnico: baixa
sensibilidade em relagéo as diferentes espécies de Leishmania, em torno de 50% para L. (V.)
braziliensis e de facil contaminagdo. Esse procedimento exige laboratorios com infraestrutura e
pessoal qualificados, o que torna inadequado para inquéritos epidemiolégicos em larga escala
(BRASIL 2007; BENSOUSSAN et al., 2006; RODRIGUEZ-GONZALEZ et al., 2006).

Outra forma de cultivo é a inoculacdo de material obtido das Ulceras cutaneas por puncéao
e/ou bidpsias em animais experimentais, sendo o hamster (Mesocricetus auratus) o mais
susceptivel. Apesar de ser um método importante para a recuperacdo de parasitos (WEIGLE et

al., 1987) necessita-se em media de dois a nove meses para a reproducdo da lesdo no modelo
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animal e a eficacia do isolamento depende da espécie de Leishmania envolvida, podendo variar
de 13 2 90% (CUBA; MARDSEN; BARRETO, 1981; WEIGLE et al., 1987; NAVIN; ARANA,;
MERIDA, 1990), portanto, € inadequado em rastreamento epidemioldgico em grande escala,
além de ndo ser de utilidade pratica para a rotina laboratorial (RODRIGUES, 2002;
BENSOUSSAN et al., 2006; BRASIL 2007).

Exames imunolégicos

S@o métodos indiretos que auxiliam no diagnodstico da LTA, dentre esses se destacam a
intradermorreacdo de Montenegro (IDRM), a reacdo de imunofluorescéncia indireta (RIFI), o
teste imunoenzimatico enzyme linked imunosorbent assay (ELISA) e o Western blotting (W.
blot). Os trés ultimos sdo Uteis para avaliacdo das respostas anticorpicas, mas em geral os testes
baseados em resposta imune anticorpica, ndo distinguem entre infeccdo recente e passada
(HARITH et al., 1987).

A IDRM é amplamente empregada na confirmacdo da doenga ativa, no diagnostico
retrospectivo e em inquéritos epidemioldgicos em éareas endémicas (FUNDACAO NACIONAL
DE SAUDE, 1997; SASSI et al., 1999). Tem grande valor presuntivo no diagndstico da LTA,
por apresentar alta sensibilidade e especificidade (> 90%) (SILVEIRA et al., 1996), mas pode
apresentar reacdo cruzada, principalmente em individuos com doenca de Chagas e leishmaniose
visceral (SHAW et al., 1975). Resultados falso-negativos também ocorrem quando a infeccédo é
precoce (seis semanas ou menos) ou nos casos de LCD (SILVEIRA et al., 1991). A IDRM ¢é util
nos casos em que 0s parasitos s30 escassos nas lesdes ulceradas (VEGA-LOPEZ, 2003), e na
triagem de viajantes vindos de areas endémicas para LTA (KAR, 1995). Entretanto, em areas de
alta endemicidade é muito frequente encontrar reatividade ao teste na populagéo.

A RIFI e 0 ELISA sdo testes sorologicos uteis no diagnostico nas formas clinicas com
lesbes extensas, multiplas, nas lesdes mucosas primarias e secundarias, (MENDONCA et al.,
1988) e em casos de co-infeccdo LTA/HIV (LINDOSO et al., 2009). No entanto, apresentam
reagOes cruzadas com leishmaniose visceral e doenga de Chagas (BRITO et al, 2000; GONTHNO;
CARVALHO, 2003).

A RIFI néo ¢é eficiente no diagnostico de LTA, devido aos baixos niveis de anticorpos
circulantes (BRYCESON, 1970). No entanto, nos casos de LTA com multiplas lesdes os niveis
de anticorpos detectaveis sdo mais elevados (MENZEL; BIENZLE, 1978; SHAW et al., 1975).
Sua sensibilidade é estimada em 71 % e pode alcancar 100 % na LM, na qual a resposta
imunolodgica do hospedeiro é intensa (MENDONCA et al., 1988; BRITO et al., 2000).
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O ELISA apresenta uma sensibilidade semelhante a da RIFI no diagnostico da LTA, mas
€ mais conveniente para estudos epidemioldgicos (HOMMEL et al, 1978; BRITO et al., 2000).

O W. blot apresenta sensibilidade (91%) e especificidade (100%) superiores a RIFI e ao
ELISA, mas possui limitagcBes ndo distinguindo infeccdo presente da passada e apresenta reacao
cruzada com outros tripanosomatideos (BRITO et al., 2000; RODRIGUES et al., 2002). O W.
blot é considerado Util no controle de cura apos a terapéutica e cura clinica da forma cutanea,
porém os titulos, quando positivos, diminuem ou desaparecem apés alguns meses (BRITO et al.,
2001).

A citometria de fluxo (CF) é uma tecnologia usada na analise quantitativa de anticorpos e
vem sendo utilizada no diagnostico soroldgico da LTA. Estudos mostraram a importancia dessa
técnica no diagndstico de pacientes com lesdo ativa e para discriminar a LTA de outras infeccdes
por outros tripanosomatideos (ROCHA et al., 2006). A CF foi usada em combinacdo com
conjugados FC-ALPA-IgG e FC-AFPA-IgG para deteccdo de promastigotas vivos e fixados
respectivamente de L. (V.) braziliensis e também utilizada com sucesso no monitoramento dos
pacientes com LCL e da cura pos-terapéutica (PISSINATE et al, 2008; PEREIRA et al.,
2012; OLIVEIRA et al., 2013).

Métodos moleculares

As limitacBes apresentadas pelos métodos de diagnostico convencionais para a LTA
exigem o desenvolvimento de novas abordagens, que sejam especificas e com elevada
sensibilidade e reprodutibilidade. Nesse sentido tém sido realizados estudos comparando a PCR

com os testes convencionais.

Diversos estudos comprovaram a alta sensibilidade, especificidade e rapidez na deteccdo
de DNA de Leishamania spp. pela PCR, considerada portanto, uma técnica confiavel e segura
para o estudo da leishmaniose (De BRUIJN et al., 1993; REED 1996; UEZATO et al., 1998) e

para estudos taxondmicos, epidemioldgicos e terapéuticos (RODRIGUEZ et al., 1994).

Em uma analise comparativa da sensibilidade foi encontrado 88% para a PCR em relacéo
a pesquisa direta (51%), cultura (47%) e o exame histopatologico (35%). A hibridizacdo dos
produtos amplificados com sondas de DNA aumenta a sensibilidade da PCR e permite identificar

0 género e o subgénero de Leishmania (DAVIES et al., 2000).

Uma das vantagens da PCR é a possibilidade de amplificacdo de DNA oriundo de

fragmentos de biopsias de tecidos congelados ou frescos, amostras fixadas em formol e ou
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etanol, blocos parafinados, aspirado de linfonodos, baco, medula 6ssea e do sangue periférico
(UEZATO et al., 1998; AVILLES et al.,, 1999; REITHINGER et al.,, 2000; MARTINS;
ALEXANDRINO; GUIMARAES, 2010).

A persisténcia parasitaria foi demonstrada por PCR em amostras de bidpsias de 32
individuos com cura clinica apds tratamento, revelando que a resolugdo clinica, nem sempre
implica em eliminagéo do parasito ou cura (ROSSEL, et al 1992; SHUBACH te al., 1998;
MENDONCA et al., 2004).

Estudos em Centros de Referéncia em Leishmaniose sobre o desempenho da PCR, em
paralelo aos métodos de diagndstico convencionais em 130 amostras de pacientes com LTA
revelaram sensibilidade de 92,3 % e especificidade de 93,3 % e a técnica PCR foi recomendada

para os casos de diagnostico parasitoldgico negativo (FAGUNDES et al., 2010).

Um estudo de validacdo de dois procedimentos baseados na PCR, um para o género de
Leishmania e o outro para o subgénero Viannia, em amostras de biopsias de pacientes de area
endémica de LTA de Pernambuco mostrou uma sensibilidade de 94,3 %, para o subgénero
Viannia e de 89,6 % para o género Leishmania e especificidade de 100 % (RODRIGUES et al.,
2002).

A técnica de PCR exige cuidados inerentes ao procedimento, pois resultados falso-
positivos podem resultar da contaminacdo de DNA oriundo de outros organismos pertencentes a
familia Trypanosomatidae, além de artefatos que poderdo comprometer a técnica. Por outro lado,
resultados falso-negativos podem advir da presenca de inibidores como as nucleases que causam
degradacdo do DNA (YANG; ROTHMAN, 2004).

Caracteristicas genéticas da Leishmania

Os tripanossomatideos possuem dois tipos de genomas: nuclear e mitocondrial ou
cinetoplasto. O cinetoplasto constitui cerca de 10-30 % do total do DNA celular, e é chamado
DNA do cinetoplasto ou KDNA (RODGERS et al., 1990).

A utilizacdo do KDNA é importante como alvo para a identificacdo e classificacdo de
especies de Leishmania (DASGUPTA et al., 1991; RODRIGUEZ et al., 1994; DE OLIVEIRA,;
BRANDAO, 2013; RODRIGUES et al., 2013). O kDNA ¢é constituido por um tipo peculiar de
estrutura de DNA mitocondrial, proprio da familia Trypanosomatidae e compreende
maxicirculos com 20 a 40 kilobases (kb), presentes em 30-50 cépias e 0os minicirculos com
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aproximadamente 850 pares de bases (pb), presentes em cerca de 10.000 copias /célula, e
representam cerca de 95 % do KDNA (RAY, 1987).

Os minicirculos sdo constituidos de uma regido conservada de aproximadamente 200 pb,
e uma regido varidvel, que apresenta heterogeneidade entre cepas da mesma espécie
(FERNANDES et al., 1999). Sequéncias da regido variavel sdo utilizadas em diagndstico
molecular por hibridizacdo com sondas e por PCR (STUART, 1983; BARKER; BUTCHER,
1983; GRAMICCIA et al., 1992; RODRIGUES et al., 2002) e para taxonomia (RODRIGUEZ et
al., 2000). A amplificacdo por PCR deste alvo, presente em mdltiplas copias, permite a deteccao
de Leishmania em amostras de material de pacientes e apresenta elevadas sensibilidade (> 95 %)
e especificidade (100%) (RODRIGUES et al. 2002) servindo de alternativas para estudos
clinicos e epidemioldgicos da LTA (RODGERS; POPPER; WIRTH, 1990; DE BRUIN;
BARKER, 1992; DE BRUIIN et al., 1993; WILSON, 1995).

No Brasil o mkDNA é o unico alvo utilizado para o diagnostico da LTA preconizado pelo
Ministério da Saude (BRASIL 2007; RODRIGUES et al., 2013).

Figura 6 — Esquema dos métodos de diagnostico clinico, epidemiolégico e laboratorial de LTA.

g DIAGNOSTICO 2
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Clinicoe Parasitolégico Sdi
Epidemiolégico g Imunolégico
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Pesquisa Molecular ELISA
direta PCR W. BLOT

qPCR

Fonte: Brito, M.E.F
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Avaliacéo de testes de diagnosticos

Os testes diagnosticos sdo concebidos como um exame realizado em laboratdrio. E
importante ressaltar que alem da coleta e processamento das amostras deve-se verificar a
informacdo clinica obtida atraves da histdria prévia, exame fisico, e outros para que o conjunto

dessas informacdes possa contribuir para um diagnostico preciso.

Ao realizar um diagndstico precisa-se apresentar o resultado considerando sentencas do
tipo “normal-anormal”, “positivo-negativo”, “reator-ndo reator”; “imune-nao imune”; e
“compativel-ndo compativel”, porém deve-se considerar a precisdo dessas sentencas, onde o
nivel de acerto deve ser mais elevado, registrando positivo quando positivo e negativo quando
negativo. Neste contexto, a validacdo de um teste de diagnostico é muito importante para avaliar
acuracia e precisdo do mesmo, por isso, varios parametros devem ser analisados (MISODOR,
2013).

A avaliacdo do desempenho de um teste diagnéstico depende intrinsecamente das
hipoteses diagnosticas previamente estabelecidas, através do conhecimento antecipado da
presenca ou auséncia da doenca. Esta indicagdo da “verdade” ¢ denominada de “padrdo-ouro”.
Algumas vezes o teste ¢ validado a partir da descrigdo nosoldgica e “somente depois de definir
clinicamente o0 que se quer encontrar sera possivel reconhecer individuos portadores da
condi¢do clinica procurada” (ROUQUAYROL, 1992). Neste contexto, uma definicdo
diagndstica clinica pode ser utilizada como “padrdo-ouro” para comparagdo de resultados de

testes (ROUQUAYROL, 1992).

Atualmente, grande parte da pesquisa epidemioldgica tem se ocupado da validacdo de
testes utilizando marcadores bioldgicos, fase que necessariamente precede a sua utilizacdo no

diagnostico etiologico, avaliacdo de riscos, prevencédo e controle de doencas.

A validade de um marcador se refere ao grau com que ele indica a presenca do evento de
interesse. Para validar a utilizacdo de uma medida biolégica, como um marcador, &€ necessario
entender o relacionamento entre 0 marcador e o evento ou condic¢do de interesse. Os marcadores
biolégicos podem ser validados no que se refere a eventos como doenca, exposi¢cdo a agentes
danosos ou susceptibilidade as doengas (SCHULTE; PERERA, 1993).

Em geral, a validacdo de marcadores biologicos, em particular os marcadores
diagnosticos de infecgdo, € realizada em amostragens relativamente pequenas em que 0S grupos

em estudo sdo categorizados com relacdo ao evento de interesse. Dessa forma, as caracteristicas
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do marcador sdo determinadas, permitindo a sua utilizagdo em estudos de grandes populagdes.
Com o foco mais especifico nas doengas infecciosas, para que um marcador diagndstico seja
considerado valido, ele deve indicar a presenca do agente infeccioso e se correlacionar com

outras caracteristicas relevantes da doenca infecciosa.

Uma das propriedades fundamentais dos testes diagnosticos sdo a sua validade que pode
ser mensurada mediante o célculo de sua sensibilidade, especificidade e valor preditivo
(FEINSTEIN, 1977). A validade de um teste diagndstico € medida pela sua habilidade em
categorizar corretamente as pessoas realmente doentes como positivas e as sadias como
negativas para o teste (HENNEKENS; BURING, 1987). Assim, a sensibilidade de um teste
diagndstico é definida pela capacidade de determinada abordagem detectar individuos
verdadeiramente doentes, enquanto que, a especificidade, é a capacidade de o teste ser negativo,
em individuos sadios (Figura 7). Quando o teste é sensivel raramente deixa de encontrar pessoas
doentes, e quando um teste é especifico dificilmente dira que pessoas sadias sdo doentes. Estas
sdo caracteristicas do teste e ndo da populacdo em que esta sendo aplicada, portanto fornecem

resultados consistentes independente da prevaléncia da doenca.

Outros indicadores sdo também importantes e abordam aspectos diferentes da validade de
um teste diagndstico. Estes sdo o valor preditivo positivo (VPP) e valor preditivo negativo
(VPN) que expressam a probabilidade da doenca estar presente ou ausente dado o resultado
positivo ou negativo do teste. O VPP de um teste é a probabilidade de um individuo que
apresente o teste positivo, seja realmente doente. O VPN € a probabilidade do individuo sadio
quando o resultado do teste for negativo (MISODOR, 2013)

Os valores preditivos sofrem influéncia de acordo com a prevaléncia do evento/doenca
em estudo, se a prevaléncia de uma doenca é baixa, mesmo com um teste muito especifico,
obtém muitos resultados falso-positivos, devido o elevado numero de individuos sadios. Se a
prevaléncia é alta pode-se esperar um maior nimero de resultados falso-negativos, na aplicagdo
de testes com boa sensibilidade (MISODOR, 2013).

Nas condigdes de um ensaio para avaliagdo de um teste, dificilmente a proporcdo de
casos entre os participantes da pesquisa coincide com a prevaléncia da condi¢do/doenca na
populacdo. A solugdo para este fato é calcular os valores preditivos corrigidos para cada

prevaléncia possivel, o que permite construir a ‘“curva de desempenho do teste”

(ROUQUAYROL, 1992).
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Os ensaios para validacdo de testes diagnosticos sdo, portanto etapas importantes para
consolidacdo de procedimentos de saude publica, na medida em que somente a partir dai é
possivel aplicar técnicas diagnosticas adequadas para estudos populacionais visando o

“rastreamento” de individuos portadores de doengas em sua fase pré-clinica e outros propdsitos
diagndsticos.

Figura 7 — Calculo da propriedade da PCR para o diagnéstico da leishmaniose tegumentar americana

Teste Doenca presente Doenca ausaente
Positivo positivos verdadeinos Positivos falsos
a by
Negativo negativos falsos MNegativos verdadeiros
C d
Toital a+c b+d
Sensibilidade = a Especificidade = d
a+c b+ d
VPP = a WP = d
a+ b c+d

Fonte: MISODOR, 2013
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ARTIGO 1

Leishmaniose cutanea no nordeste do Brasil: uma avaliacao critica dos estudos realizados

no Estado de Pernambuco

Cutaneous leishmaniasis in northeastern Brazil: a critical appraisal of studies conducted in State
of Pernambuco. Maria Edileuza Felinto de Brito, Maria Sandra de Andrade, Filipe Dantas-
Torres, Eduardo Henrique Gomes Rodrigues, Milena de Paiva Cavalcanti, Alzira Maria Paiva de
Almeida, Sinval Pinto Brandao-Filho. Rev Soc Bras Med Trop. 2012 Jul-Aug;45(4):425-9. Epub
2012 Jul 26

Esse artigo € uma revisao narrativa da epidemiologia da leishmaniose tegumentar americana
(LTA) no estado de Pernambuco, nordeste do Brasil. Apresenta um levantamento sobre o ciclo
de transmissdo da LTA envolvendo os diversos agentes etioldgicos, numerosas espécies de
vetores, reservatorios - hospedeiros, populacdo humana e o diagnostico da doenca no periodo de
1940 a 2012.

Foi realizado um levantamento epidemiol6gico em bases eletronicas: Medline, PubMed, Lilacs,
BVS e Scielo sobre a LTA em Pernambuco. Esses artigos comprovam a complexidade do ciclo

de transmissdo da LTA nas regifes de estudo.

A literatura mostra que a Leishmania (Viannia) braziliensis é a principal espécie na regido com
diferentes zimodemas. Achados recentes incluem a L. (V.) shawi como uma das espécies de

interesse epidemioldgico.

Diferentes espécies de flebotomineos ocorrem em diversos ecétopos no Estado, predominando a
Lutzomyia whitmani no intra e peridomicilio, enquanto que L. complexa, L. choti e L. sordelli

predominam em areas de resquicios de Mata Atlantica.

A L. (V.) braziliensis foi identificada em roedores silvestres e sinantropicos, nas espécies
Nectomys squamipes, Bolomys lasiurus e Rattus rattus, os quais foram apontados como

hospedeiros do parasito.

Para o diagnostico tém sido empregados testes imunoldgicos tradicionais: intradermoreagdo de
Montenegro (IDRM) reacdo de imunofluorescéncia indireta (RIFI), enzyme linked imunosorbent

assay (ELISA) e o Western blotting (W. blot). Em Pernambuco, foi validada a técnica de reacéo
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em cadeia da polimerase (PCR) para o diagnostico molecular de LTA, utilizando primers
especificos para minicirculos do cinetoplasto (kDNA) de Leishmania subgénero Viannia.

Essa revisdo fornece ampla visdo sobre os conhecimentos acerca da LTA em Pernambuco e

contribui para direcionar novos estudos, além de introduzir estratégias de controle da doenca.
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of studies conducted in State of Pernambuco
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Leishmaniose cutinea nonordeste do Brasil: uma avaliagao critica dos estudos realizados no

Estado de Pernambuco

Maria Edileuza Felinto de Brito"?, Maria Sandra Andrade?, Filipe Dantas-Torres', Eduardo Henrique Gomes
Rodrigues’, Milena de Paiva Cavalcanti', Alzira Maria Paiva de Almeida' and Sinval Pinto Brandao-Filho'

ABSTRACT 3

American cutaneous leishmaniasis (ACL) is a complex disease with clinical and epidemiological
features that may vary from region to region. In fact, at least seven different Leishmania species,
.including Leishmania (Viannia) braziliensis, Leishmania (Viannia) guyanensis, Leishmania
(Viannia) lainsoni, Leishmania (Viannia) naiffi, Leishmania (Viannia) shawi, Leishmania
(Viannia) lindenbergi, and Leishniania (Leishmania) amazonensis, have been implicated in the
etiology of ACL in Brazil, and numerous phlebotomine sandfly species of the genus Lutzomyia
have been regarded as putative or proven vectors. Because ACL is a focal disease, understanding
the disease dynamics at the local level is essential for the implementation of more effective
control measures. The present paper is a narrative review about the ACL epidemiology
in Pernambuco, northeastern Brazil. Furthermore, the need for more effective diagnosis,
treatment, control and prevention strategies for the affected populations is highlighted. This
paper will provide researchers with a critical appraisal of ACL in Pernambuco. Hopefully, it
will also be helpful for public health authorities to improve current control strategies against
ACL at the state and country levels.

Keywords: Cutaneous leishmaniasis. Leishmania braziliensis. Reservoirs. Insect vectors.
Diagnosis. Epidemiology.

e

RESUMO

A leishmaniose cutanea americana (LCA) é-uma doenga complexa com caracteristicas
clinicas e epidemioldgicas que podem variar de regido para regido. De fato, pelo menos, sete
diferentes espécies de Leishmania, incluindo Leishmania (Viannia) braziliensis, Leishmania
(Viannia) guyanensis, Leishmania (Viannia) lainsoni, Leishmania (Viannia) naiffi, Leishmania
(Viannia) shawi, Leishmania (Viannia) lindenbergi ¢ Leishmania (Leishmania) amazonensis,
tém sido incriminadas na etiologia da LCA no Brasil, e numerosas espécies de flebotomineos
do género Lutzomyia, foram considerados vetores suspeitos ou comprovados. Devido ao
seu cardter focal, a compreensdo da dindmica da LCA a nivel local ¢ imprescindivel para
a implementagio de medidas de controle eficazes. Este trabalho consiste de uma revisao
narrativa sobre a epidemiologia da LCA em Pernambuco, nordeste do Brasil. Além disso, se
enfatiza anecessidade de maior efetividade no diagn()stic;), tratamento, controle e estratégias de
prevencao para as populagoes afetadas. Este artigo fornecerd aos pesquisadores uma avaliagao
critica da LCA em Pernambuco. Espera-se também contribuir com as autoridades de saude
publica no aprimoramento das estratégias atuais de controle da LCA nos niveis estaduais ¢
nacional.

Palavras-chaves: Leishmaniose cutinea. Léishmania braziliensis. Reservatérios. Insetos vetores.
Diagnéstico. Epidemiologia.
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INTRODUCTION

American cutaneous leishmaniasis (ACL) is a
complex disease with clinical and epidemiological
features that may vary from region to region'.
Because ACL is a focal disease, understanding the
disease dynamicsat the local level is essential for the
implementation of more effective control measures.

In Brazil, ACL presents variable epidemiological
patterns, which may vary according to the phlebotomine
sandfly species involved in transmission, population
susceptibility and the level of exposure as well as
the diversity and competence of reservoir bosts.

A number of studies on ACL in Pernambuco
State, northeastern Brazil, have been perfornied in
the past decades and have contributed enormously to
the knowledge of ACL ecoepidemiology at the state
and country levels?”. In particular, the importance of
small terrestrial mammals in the transmission chain of
Leishmania (Viannia) braziliensis’, the most widespread
etiological agent of ACL in Brazil, hasbeen demonstrated.

This paper is a narrative review regarding the
ACL epidemiology in Pernambuco. Articles were
searched in electronic databases (i.e., Medline,
Lilacs and SciELO) using the following search
terms: leishmaniasis, mucocutaneous leishmaniasis,
tegumentary leishmaniasis, Leishmania, Lutzomyia,
and Pernambuco. Search terms were used alone or
in combination and with no language or release date
restriction (as of January 2012). Studies investigating
the epidemiology, diagnosis, etiology, reservoirs
and vectors of ACL were included whereas those
exclusively focusing on visceral leishmaniasis ‘were
excluded. Additionally, references of retrieved articles
were searched for relevant papers that could not have
been located in the searched databases. The importance
of control and prevention strategies for the affected
populations and the need for effective diagnostic tools
and treatment procedures are discussed. This paper
will provide researchers with a critical appraisal of ACL
in Pernambuco. Hopefully, it will also be helpful for
public health authorities to improve current control
strategies against ACL at the state and country levels.
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DIVERSITY OF ETIOLOGICAL AGENTS

Seven species of Leishmania have been implicated as ACL agents
in Brazil: Leishmania (Viannia) braziliensis, Leishmania (Viannia)
guyanensis, Leishmania (Viannia) lainsoni, Leishmania (Viannia) naiffi,
Leishmania (Viannia) shawi, Leishmania (Viannia) lindenberg, and
Leishmania (Leishmania) amazonensis®. However, L. (V.) braziliensis
is the main ACL etiological agent in Pernambuco and other Brazilian

states'*7!1,

In a study conducted in Amaraji and Cortes (two municipalities
from the southern Atlantic Forest region) (Figure 1) in 1991, two
strains isolated from humans and characterized with multilocus
enzyme electrophoresis (MLEE) exhibited an enzymatic profile
similar to L. (V) braziliensis stricto sensu, except for the enzymes
isocitrate dehydrogenase-nicotinamide adenine dinucleotide
phosphate (IDH-NADP) and phosphoglucomutase (PMG), which
were different from the reference strain MHOM/BR/75/M2903.
These strains were grouped as a new zymodeme IOC-Z45, a variant
of the species'”.

Between 1996 and 2000, in a longitudinal study conducted in
Raiz de Dentro, Refrigério and Tranquilidade from Amaraji, 30
strains were isolated from patients presenting predominantly single
ulcerated lesions. These strains were placed into serodeme 1 with
monoclonal antibodies. Through MLEE, they were all identified
as L. (V) braziliensis, although some of them showed different
electrophoretic mobility profiles (electromorphs) for the PGM,
IDH-NADP and malic enzyme (ME) and were grouped into four
new zymodemes: I0C-272,10C-273,10C-Z274, and I0C-Z75".

Another study in three different areas in Pernambuco
(Amaraji (southern Atlantic Forest), Paudalho (northern Atlantic
Forest region), and Moreno (metropolitan region of Recife)
(Figure 1) was performed in 2009. Sixty-seven samples isolated
from patients with different ACL clinical forms were identified as
L. (V.) braziliensis serodeme 1 with monoclonal antibodies. Through
MLEE, 10 different zymodemes (I0C-Z26, 10C-Z27, 10C-Z4S,

10C-272, 10C-273, 10C-Z74, 10C-Z75, 10C-278, I0C-Z10S,
and IOC-Z106) were found (Figure 1). Most of these zymodemes
were classified”'. It should be noted that this was the first report of
L. (V.) shawi in Pernambuco.

Ina study performed in 2008 in Mundo Novo, a rural community
in Sao Vicente Férrer, a municipality of the Agreste region (scrub
region) (Figure 1) where visceral leishmaniasis has sporadically been
diagnosed in dogs and humans, 20 dogs were found to be positive
for L. (V.) braziliensis with polymerase chain reaction (PCR). This
finding revealed a high exposure level to Leishmania spp. in dogs in
thisarea'' and suggested that dogs might eventually be infected with
L. (V.) braziliensis.

These findings strongly indicate that the transmission cycle
complexity and the co-existence of two or more species circulating
in the same area may be reflected in the genetic polymorphism of this
Leishmania population. A recent study suggested that the parasite’s
genetic diversity may be associated with particular transmission
cycles, most likely reflecting the adaptation of different parasite clones
to distinct vector species'”.

OCCURRENCE AND DISTRIBUTION OF VECTORS

During the 1940s, studies on phlebotomine sandflies in
northeastern Brazil reported the occurrence of Lutzomyia fischeri,
Lutzomyia evandroi, Lutzomyia squamiventris, and Lutzomyia
migonei in the Atlantic Forest region of Pernambuco'. Since then,
approximately 37 sandfly species have been identified in this state'.

From 1979-1980, a study was performed in Igarassu (northern
Atlantic Forest region), and Lutzomyia whitmani was the most
abundant species'®. In another study conducted in Amaraji, one of
the major ACL foci in Pernambuco, eight species were identified, but
again, L. whitmani was predominant in domestic and peridomestic
areas. Furthermore, this sandfly was found to be naturally infected by
L. (V.) braziliensis**, Other studies have confirmed that L. whitmani

Pernambuco

/

FIGURE 1 - Diversity of Leishmania (Viannia) braziliensis zymodemes in three municipalities (Amaraji, Moreno and Paudalho) of Pernambuco. The geographic

regions mentioned (metropolitan region of Recife, Atlantic Forest region, scrub zone and semi-arid region) in the text are also depicted.
RMR: Regiao Metropolitana de Recife; ZM: Zona da Mata; A: Agreste; S: Sertao; SSF: Sertao do Sao Francisco.

426



BRITO M.E.F

58

Rev Soc Bras Med Trop 45(4):425-429, Jul-Aug, 2012

is adapted to the domestic environment and can also be found
indoorsin Amaraji'‘. Moreover, this species is highly anthropophilic'?,
which partly explains the high prevalence of ACL in this area. Amore
recent investigation in the musicipality of Moreno also revealed the
predominance of L. whitmani®. Undoubtedly, L. whitmani is the most
important vector of L. (V.) braziliensis in Pernambuco.

+ Arecent survey performed in Sdo Vicente Férrer demonstrated
that in contrast with Igarassu and Amaraji, L. migonei was the
predominant species in domestic and peridomestic environments,
whereas Lutzomyia complexa and Lutzomyia sordelli were predominant
in forest remnants'®. Similarly, a study conducted in a military training
area in Paudalho reported a high diversity of phlebotomine sandflies,
with the predominance of Lutzomyia complexa and Lutzomyia choti**.
In contrast, in a large study in an Atlantic Forest reserve located
in Recife, the most abundant species was Lutzomyia umbratilis®.
This sandfly is a vector of L. (V.) guyanensis, whose presence in
Pernambuco is uncertain.

The phlebotomine sandfly fauna of Pernambuco is vich. However,
L. whittnani is predominant in most of the ACL transmission foci,
mainly in domestic and peridomestic areas, whereas L. complexa or
other species prevail in wild environments®. Compared with other
northeastern Brazilian states, the phlebotomine sandfly fauna of
Pernambuco is more diverse than Alagoas, Ceard, Paraiba, Piaui,
Rio Grande do Norte, and Sergipe but not Maranhio and Bahia™.
The high abundance and widespread distribution of phlebotomine
sandfly vectors in Pernambuco indicate that most of the population
is exposed to Leishmania spp. infection.

WILD AND SYNANTHROPIC RESERVOIR HOSTS

Leishmania (V) braziliensis has been detected in several wild and
synanthropicrodents of the genera Akodon™, Proechimys™, Rattus**,
Oryzomys™**, Rhipidomys™, Nectosnys and Necromys” and marsupials
of the genus Didelphis™*'. In most cases, the isolates from these
animals have neither been properly identified nor characterized; the
identification was typically based on morphological characteristics
_ and the behavior of the parasites in culture only.

A pioneering study targeting small mammals as probable
Leishmania (V.) braziliensis reservoirs in Pernambuco was conducted
in Amaraji, and a total of 407 rodents and 71 marsupials were trapped
and analyzed. Remarkably, amastigotes in liver and spleen imprints
consistent with Leishmania spp. were found in specimens of Nectonys
squamipes (n=5), Necromys (syn. Bolomys) lasiurus (n=5), and
Rattus rattus®. Another study in the same area presented evidence of
Leishmania infection in several rodent species. Five L. ( V.) braziliensis
isolates from N. lasiurus and one from R. rattus were identified
and characterized, and different zymodemes were identified’. It
is noteworthy that the zymodeme I0C-Z74 was isolated from
human patient samples, sentinel hamsters, vectors and both wild
and synanthropic rodents, suggesting that this is the predominant
zymodeme in the region™"’. Considering the difficulties related to the
cultivation, isolation and maintenance of L. (V.) braziliensis parasites,
these results represented an important achievement™. Similarly, a
study in Sao Vicente Férrer also provided evidence of Leishmania
infection in N. squamipes, R. rattus,and Holochilus scivireus” with PCR.

Usually, these animals display no visible lesions consistent:

_ with ACL despite being parasitized, suggesting that the Leishmania
parasites in their primitive form have adapted to these hosts™.

Therefore, these animals have the potential to act as long-term
maintainers of L. (V.) braziliensis in nature”. The identification of
N. squamipes, N. lasiurus and R. rattus hosting L. (V.) braziliensis
representsamajor contribution to the knowledge of the epidemiology
of ACL in Brazil and allows for a better understanding of the role of
these species as reservoirs of this important parasite’.

Although serological and/or molecular evidence of Leishmania
(V) braziliensisin domestic dogs from ACL endemic areas have been
reported™!!, further research is necessary to ascertain the role of these
animals in the ACL transmission chain in Pernambuco. '

AMERICAN CUTANEOUS LEISHMANIASIS IN HUMAN
POPULATIONS

From a historical perspective, the first ACL cases recorded in
Pernambuco date back to the 1930s, when the disease was detected

in rural workers from the Atlantic Forest region?®?.

From 1989 to 1991, 1.604 cases were reported to the Ministério
da Sadde (MS), most (64.2%) of which were detected in the Atlantic
Forest region’, particularly in the municipalities of Amaraji and
Cortés. In the beginning of the 1990s, an active search for ACL cases
in this areaidentified 127 human cases® Subsequent studies showed a
10-fold increase in ACL over a 10-year period in the region’. From an
epidemiological standpoint, the infection was more prevalentin adult
males (but was also recorded in females) and children, eventually
affecting all of the members of the same family*.

In 1996, an outbreak of ACL occurred in a military training
camp (Campo de Instrugao Marechal Newton Cavalcanti - CIMNC,
Paudalho) in a region of somewhat preserved Atlantic Forest,
affecting 26 trainee soldiers. An epidemiological investigation in
this area detected a 24.1% infection prevalence in that population’.
From 1996 to 2010, 197 ACL cases were diagnosed among trainee
soldiers from CIMNC; an average of 16 cases per year. Therefore, it
was concluded that a primary enzootic cycle was established in this
area‘with a somewhat defined fluctuation of cases, with sporadic

outbreaks followed by low-occurrence periods®*.

In 2010, 25 ACL cases were registered in an outbreak in Igarassu,
and an active search detected 49 additional cases in the region®.
The diagnosis was mostly based on the presence of skin lesions in
conjunction with the microscopic detection of amastigotes in skin
samples and/or a positive Montenegro skin test. Most patients presented
with typical localized lesions. Different age classes (>10 years) and
both sexes were affected, although most of the patients were males™.

Using the Montenegro skin test, a study conducted in Moreno
reported a 30% positivity in a population of 481 individuals. The
positivity was higher among males and among individuals aged
11 to 30 years. Interestingly, 67% of the positive individuals had
no previous ACL history®.

From 2001 t0 2010, 4.855 ACL cases were recorded in Pernambuco,
with an average of 485 cases per year®. In fact, ACL is endemic in
all of the geographical regions of Pernambuco, and outbreaks are
sporadically detected in the Agreste and Atlantic Forest regions®.
Although the highest prevalence of ACL is still recorded in the
Atlantic Forest region’, the disease is spreading to other areas, and
the incidence is increasing in the entire state. Importantly, most of the
affected people live in poor villages in rural areas and are permanently
exposed to the disease risk factors, typically for occupational reasons,
as observed in other Brazilian regions™.
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AMERICAN CUTANEOUS LEISHMANIASIS DIAGNOSIS

The routine diagnosis of ACL in Pernambuco, particularly

in rural areas, is based on clinical and epidemiological criteria. -

In Recife, the state’s capital, both traditional (e.g, cytology) and
modern techniques (e.g, PCR) are available in reference hospitals
and research centers.

A study performed in 2000 on the antibody response of patients
from an endemic ACL area with immunoblotting using antigenic L.
(V.) braziliensis fractions identified the 27 and/or 30 kDa soluble
antigens; which were considered promising for ACL diagnosis™.
Immunoblotting was more sensitive (91%) and specific (100%)
than the indirect immunofluorescence antibody test (IFAT) and
enzyme-linked immunosorbent assay (ELISA). In 2001, the same
antigenic fractions were employed to analyze the antibody response
level in patients before and after treatment™. Because the levels of
these antigens were decreased approximately twofold in clinically
recovered patients, it was concluded that they may be used as markers
of healing or parasite persistence in human patients.

The introduction of molecular biology techniques has greatly
improved the diagnosis of ACL in Pernambuco and elsewhere
in Brazil. Two specific systems for the subgenera Viannia and
Leishmania have been assessed, revealing 95.5% and 88.2% sensitivity,
respectively, and 100% specificity for healthy individual samples™.
Indeed, PCR-based methods are significantly more sensitive than
the conventionaftests, such as direct examination, histopathological

examination and skin sample culture.

Polymerase chain reaction, culture and histopathological
examination were also compared in 32 samples from clinically
cured ACL patients after chemotherapy. Leishmania (Viannia)
sp. Deoxyribonucleic acid (DNA) was detected in 93.7% of the
patients, and three strains were identified through culture. In the
histopathological examination, no parasite was found. However,
fibroblastic changes were present in all of the cases, with an
inflammatory focus observed in four cases, suggesting the persistence
of parasites in these patients after chemotherapy*. This result'was
confirmed by the parasite isolation from (n=3) individuals’ scars

37

§ years after clinical cure”.

In a study involving 19 patients with lesions compatible with
ACL from different localities of Pernambuco, 89% of them were
positive with the Montenegro skin test, 79% with IFAT, 58% with
skin cytology and 75% with PCR*. These results clearly illustrate the
importance of combining different diagnostic techniques to improve
the detection level.

FINAL COMMENTS AND CONCLUSIONS

Many ecoepidemiological aspects of ACL in Pernambuco have
been characterized in recent years as an important contribution to
the understanding of the infection prevalence and disease expression.
Moreover, the characterization of vectors and reservoir hosts involved
in the transmission and maintenance of L. (V.) braziliensis in this
region has also been assessed.

Leishmania (V.) braziliensis is the main etiological agent of ACL
in Pernambuco, where 10 or more variants circulate. Phlebotomine
sandfly vectors are widely distributed over the state’s territory, with
the predominance of L. whitmani in domestic and peridomestic areas
and L. complexa in forest remnants in most ACL foci. Concerning

L. (V.) braziliensis reservoirs, N. squamipes, N. lasiurus and R. rattus
have been suggested as possible parasite maintainers in natural
transmission cycles, but further transmission studies are needed to
better understand their role. For instance, R. rattus, originally from
Europe, established as synanthropic animals throughout Brazil and
now it can be found both in human dwellings and in'the fields. On
the other hand, from an evolutionary viewpoint, its relationship with
L. (V.) braziliensis is recent and it is unknown to what extent this
imported rodent has adapted to this native parasite and vice versa.

The Atlantic Forest region is responsible for more than 60% of
all of the ACL cases reported in Pernambuco, which emphasizes the
need to establish and strengthen preventive and control measures
against the disease in this region. Nonetheless, it is also important
to promote continuous education for physicians and the capacity of
public health professionals working in newly detected ACL foci to
speed diagnostic and treatment procedures in these areas.

The diversity of Leishmania species or variants found in vertebrate
hosts and vectors reflects the complexity of ACL in Pernambuco,
which makes the design and implementation of control programs
for this endemic disease a challenge for public health authorities.
It is expected that this paper will provide public health authorities
with essential information on ACL in this Brazilian state, which may

be helpful for designing more effective control programs. Current
control strategies have not been sufficient to stop or even reduce
the disease burden.

Thanks to José Ferreira Marinho-Junior for his technical
assistance. *
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Occupationally Acquired American Cutaneous Leishmaniasis. Case Report. Maria Edileuza
Felinto de Brito, Maria Sandra Andrade, Ericka Lima de Almeida, Angela Cristina Rapela
Medeiros, Roberto Pereira Werkhduser, Ana Isabele Freitas de Aradjo, Sinval Pinto Branddo-
Filho, Alzira Maria Paiva de Almeida, and Eduardo Henrique Gomes Rodrigues. Case Reports in
Dermatological Medicine, Volume 2012 (2012), Article ID 279517, 4 pages,
http://dx.doi.org/10.1155/2012/279517.

Nesse artigo sdo relatados dois casos de acidentes ocupacionais de leishmaniose tegumentar
americana (LTA): um adquirido por auto inoculacdo no ambulatério de dermatologia com
amostra obtida de puncédo de lesdo de paciente com LTA e o outro adquirido durante a coleta de

aves durante estudos ecol6gicos em area endémica da doenca.

O diagndstico nos dois pacientes foi confirmado pela reacdo em cadeia da polimerase (PCR)
utilizando primers especificos para minicirculos do cinetoplasto (KDNA) de Leishmania

subgénero Viannia a partir de amostras coletadas por método nao invasivo (swab).

Do paciente contaminado durante trabalho em campo em localidades do Para foi obtido um
isolado por cultura in vitro, o qual foi identificado e caracterizado por anticorpos monoclonais
especificos e eletroforese de enzimas multilocus, como Leishmania (V.) naiffi, espécie até entdo

ndo identificada em Pernambuco.

Essa publicacdo mostra a viabilidade da coleta de amostras de exsudatos de lesdes por swab para
diagnostico da LTA pela PCR e enfatiza a importancia de prote¢do individual durante o

desenvolvimento de trabalho em laboratorio e no campo.


http://dx.doi.org/10.1155/2012/279517

BRITO M.E.F

Hindawi Publishing Corporation

Case Reports in Dermatological Medicine
Volume 2012, Article ID 279517, 4 pages
doi:10.1155/2012/279517

Case Report

63

Occupationally Acquired American Cutaneous Leishmaniasis

Maria Edileuza Felinto de Brito,"? Maria Sandra Andrade,’ Ericka Lima de Almeida,’
Angela Cristina Rapela Medeiros,* Roberto Pereira Werkhiuser,' '
Ana Isabele Freitas de Aratjo,' Sinval Pinto Brandao-Filho,'

Alzira Maria Paiva de Almeida,' and Eduardo Henrique Gomes Rodrigues’

1 Centro de Pesquisas Aggeu Magalhaes, FIOCRUZ-PE, Campus da Universidade Federal de Pernambuco s/n, Cidade Universitdria,

50.670-901 Recife, PE, Brazil

2 Centro de Ciéncias Biologicas, Universidade Federal de Pernambuco s/n, Cidade Universitiria, 50.670-901 Recife, PE, Brazil
3 Departamentos de Enfermagem, Universidade de Pernambuco, Rua Arnébio Marques 310, Santo Amaro,

50.100-130 Recife, PE, Brazil

* Departamentos de Dermatologia, Universidade de Pernambuco, Rua Arnébio Marques 310, Santo Amaro,

50.100-130 Recife, PE, Brazil

Correspondence should be addressed to Maria Edileuza Felinto de Brito, britomef@cpqam.fiocruz.br

Received 2 October 2012; Accepted 6 November 2012

Academic Editors: T. Erdem, N. Oiso, and T. Salopek

Copyright © 2012 Maria Edileuza Felinto de Brito et al. This is an opén access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited. ) i

We report two occupationally acquired cases of American cutaneous leishmaniasis (ACL): one accidental laboratory
autoinoculation by contaminated needlestick while handling an ACL lesion sample, and one-acquired during field studies on bird
biology. Polymerase chain reaction (PCR) assays of patient'lesions were positive for Leishmania, subgenus Viannia. One isolate
was obtained by culture (from patient 2 biopsy samples) and characterized as Leishmania (Viannia) naiffi through,an indirect
immunofluorescence assay (IFA) with species-specific monoclonal antibodies (mAbs) and by multilocus enzyme electrophoresis
(MLEE). Patients were successfully treated with N-methyl-glucamine. These two cases highlight the potential risks of laboratory
and field work and the need to comply with strict biosafety procedures in daily routines. The swab collection method, coupled
with PCR detection, has greatly improved ACL laboratory diagnosis.

1. Introduction

Health professionals such as physicians, nurses, and lab-
oratory workers and researchers and students in the bio-
logical sciences are at risk of a number of occupational
infections [1]. Accidents involving contaminated “sharps”
are, in general, extremely dangerous due to the high
likelihood of infectious agent transmission. Exposure to
blood-borne pathogens represents an especially serious risk.
Needlestick and sharps contamination accidents involving
at least 20 different pathogens, most commonly hepatitis
B and C or human immunodeficiency virus (HIV), have
been reported [1]. Some occupational accidents with Leish-
mania spp. related to percutaneous injuries, contaminated

animal/culture handling, or lesion sample collection have
also been reported [2]. ~

ACL diagnosis is based on clinical, epidemiological, and
laboratorial criteria. However, clinical diagnosis is often
difficult due to the varied presentation of the disease, and the

" epidemiological criteria may go unnoticed because clinicians

are not aware of the existence or nature of the disease [3, 4].

Laboratory diagnosis includes the direct identification of
amastigotes through direct examinations of stained smears
from imprints or histological sections, isolation of pro-
mastigotes by culture, and immune-based methods (e.g.,
ELISA, Western blot, indirect immunofluorescence (IFAT),
and delayed hypersensitivity or Montenegro intradermore-
action (MIDR), [5, 6]. ? i
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Case 1: lesion untreated

Case 2: new lesion prior and posttreatment

FIGURE 1: (Al): papule on 2nd left finger. (A2)-(A5): four months evolution prior to treatment. (A6)—(A10): lesion healing. (B1):
reoccurrence, new lesion detection thirty days post treatment. (B2): healed lesion. (C1): lesion on 3rd right finger. (C2): healed lesion.

Laboratory procedures may be hindered by the scarcity
of amastigotes in the wounds, especially in late stages of the
disease and secondary infections, or by the low sensitivity
and cross reactivity of serological tests. Furthermore, the
MIDR test does not distinguish between current and past
infections, and it is usually negative in patients with the
diffuse form of the disease or who are immunosuppressed
[5]:

Polymerase-chain-reaction (PCR-) based methods pro-
vide high sensitivity and specificity, especially when per-
formed in biopsy samples [7, 8]. However, the collection
of biopsy material is painful, requiring anesthesia, and
it can only be performed by physicians in nosocomial
environment, which may increase the risk of iatrogenic
bacterial infections. Sample collection using a cotton swab
is noninvasive, simple, rapid, and easy, does not require
hospitalization, and is associated with low infection risk and
patient discomfort [9].

Here, we report a successful combination of non-invasive
sample collection using the “swab” method and PCR for the
diagnosis of ACL in two occupationally acquired cases.

2. Case Reports

2.1. Case 1. Case 1 is a 60-year-old female residing in Recife,
PE, Brazil and who has worked for more than 20 years in an
ACL research laboratory.

-

Five weeks after a needlestick accidental auto-inoculation
while processing a sample from a patient ACL lesion, she
developed a papule at the point of inoculation on the 2nd
finger of the left hand. The papule evolved into an ulcer with
high edges, measuring 2.0 X 3.0 mm, with production of
exudates (Figure 1, (A1)-(A5)), adjacent lymphangitis, and
left-axillary ganglion swelling.

X-rays and magnetic resonance imaging revealed no
bone degradation (data not shown). Exudates culture
revealed Acinetobacter baumannii and Enterococcus faecalis.
Tigecycline was administered but did not promote wound
healing. A lesion sample was collected using sterilized swab,
and PCR testing was positive for Leishmania, subgenus Vian-
nia [10]. Two treatment cycles with N-methyl-glucamine
(15mgSb*V/kg/day) for twenty days were necessary for
complete healing. The lesion began to heal at day 15 and
completed by day 18 (Figure 1, (A6)—(A10)). However, one
month later, a new lesion measuring 1.0 X 1.0 mm presented
in the right forearm (Figure 1, (B1)). Swab collection and
PCR ACL detection again returned a positive result for
Leishmania, subgenus Viannia [10]. Complete remission of
the lesion and clinical resolution were achieved at day 20
of the second treatment cycle (Figure 1, (B2)). During the
treatments, the patient reported symptoms that may have
been related to side effects of the medication, such as asthenia
and arthralgia; nevertheless, the treatments were concluded
successfully.
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2.2. Case 2. A 35-year-old male doctoral student noticed the
emergence of an ulcerated lesion with high edges, measuring
2.0 x L.5mm (Figure 1, (C1)) with exudatés on the 3rd
finger of the right hand, suggestive of ACL. The lesion was
first noted two months after fieldwork capturing birds in the
forests in Paranati, Mato Grosso, Brazil.

Routine clinical and 1aboratory examinations comprising
immunological and parasitological tests were carried out in

the SRL (Leishmaniasis Reference Laboratory, FIOCRUZ- -

PE, Recife, PE, Brazil), and lesion samples were collected
both by biopsy and the swab method. Optical microscopy
showed amastigote parasites on Giemsa-stained smears;
MIDR was positive within 48 h, and biopsy sample culturing
in NNN/Schneider media for 5 days at 26°C enabled par-
asite-isolation. The isolate was characterized as Leishmania
(Viannia) naiffi through IFA with species-specific mono-
clonal antibodies (mAbs) [11] and by multilocus enzyme
electrophoresis (MLEE) [12]. PCR reactions from biopsy and
swab samples were both positive for Leishmania, subgenus
Viannia [10].

The patient was treated with N-methyl- glucamme
(lamng“/l\g/day) for 20 days. Injury healing began at
day 11 and completed after the completion of treatment
(Flgurel (C2)).

The patient had some complaints' of asthema and
arthralgia during the treatment that were related to side
effects of the medication.

2.3. Ethical Considerations. The present study was épproved
by the Research Ethics Committee of FIOCRUZ-PE, Recife,
PE, Brazil (CEP-FIOCRUZ/PE, 41/2008).

3. Discussion

“Occupational disease” defines a change in a worker’s health
caused by chemical, environmental, biological, psychologi-
cal, or other work-related factors. Cutaneous leishmaniasis
and mucocutaneous leishmaniasis are listed as occupational
diseases by the Brazilian Health Ministry [13]. Agricultural
and forestry work in endemic areas and other specific
‘situations, such as deforestation work for building roads,

fieldwork for research biologists and military training are’

examples of situations with a risk of occupational exposure
to Leishmania braziliensis [14]. Laboratory or nosocomial
environment work-related accidents with Leishmania spp.
involve percutaneous accidental contamination while han-
dling fluids, culture, and/or laboratory animals [2].

In this paper, we report two different occupationally
acquired ACL cases: one accidental laboratory contamina-
tion while handling an infected sample and one infection
acquired during field studies unrelated to ACL.

Linking ACL to occupational accidents may be impaired
by a lack of epidemiological ground knowledge, its similarity
to other dermatological injures, or coinfection with other
pathogens [15]. Association with fungi and bacteria is com-
mon in ACL lesions and constitutes a complicating factor for
the clinical diagnosis and treatment of leishmaniasis.

For example, strains’ of A: bawmannii and E. faecalis
were identified by culture in the ACL lesion in Case 1.
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However, they were excluded as causative agents because
tigecycline administration failed to heal the lesion. Response
to the antimonial therapy is an auxiliary ACL diagnosis
criterion, and the two cases were successfully healed in this
way.

Although several Leishmania species are in circulation in
Brazil, L. (V.) braziliensis is the most medically important
species; it is distributed nationwide and causes a more severe
form of the disease than do the other circulating species
(3, 15]. L. (V.) naiffi is alleged to produce a mild infection
in humans, and its spread is restricted to the Pard and
Amazonas states [16].

Early and accurate ACL diagnosis is essential for rapid
and effective treatment. PCR-based procedures can distin-
guish Leishmania species and subspecies in samples from
different sources and have proved useful for confirming the
persistence of the parasite in scars [17-21].

A persistence of the parasite in spite of lesion healing
occurred in Case 1, and the patient developed a new lesion
one month after completion of the first antimonial treatment
cycle. Complete clinical cure was achieved at end of a second
treatment cycle.

In our work, the combination of the swab sample
collection technique and PCR proved to be an efficient means
for ACL diagnosis in the two patients. Implemeritation of the
swab method for routine sample collection is feasible and has
many advantages: it can be performed by any health-care,
nonphysician professional; it does not require anesthesia;
the procedure can be carried out at the patient’s home or
in an outpatient setting, without the discomfort of patient
displacement and hospitalization.

The swab technique allows collection from the full extent
of the lesion. Unlike invasive methods such as tissue biopsy,
swab collection minimizes the risk of iatrogenic infections
that may compromise diagnosis and patient recovery [8].
Furthermore, because it does not use any “sharps” devices,
this method is safer for the pmfesslonals involved on
biological material collection.

In conclusion, this paper illustrates the need for individ-
ual protective procedures by health care professionals dealing
with ACL patients. The swab method for wound sample
collection would reduce the risk of accidental infection
during the collecting and handling of diagnostic samples.
The importance of the proper use of personal protective
equipment (PPE) by exposed workers should be duly
emphasized and its use should be required, both in clinical
settings and in field or laboratory activities.
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ARTIGO 3

Submetido a revista Experimental Parasitology

Coleta de amostras por swab, um procedimento nao-invasivo para o diagnéstico da

leishmaniose tegumentar americana

Sample collection by cotton swab, a safe non-invasive procedure for American cutaneous
leishmaniasis diagnosis. Ana Isabele Freitas de Aradjo, Maria Edileuza Felinto de Brito, Juliana
Bezerra Medeiros Viana, Joanna Llcia de Almeida Alexandre, Roberto Pereira Werkhduser,
Ericka Lima de Almeida, Angela Cristina Rapela Medeiros, Alzira Maria Paiva de Almeida,

Sinval Pinto Brandao Filho, Eduardo Henrique Gomes Rodrigues.

Nesse artigo € comparado o desempenho da coleta de amostras de material de lesdes de pacientes
por método invasivo (biopsia) e ndo invasivo (swab) para o diagnostico da leishmaniose

tegumentar americana (LTA) pela reacdo em cadeia da polimerase (PCR).

O estudo envolveu 88 pacientes de area endémica de LTA do estado de Pernambuco, nordeste do
Brasil. De cada paciente foram coletadas amostras pareadas da mesma lesao através de bidpsias e
por swab. As amostras de exsudato coletadas por swab e fragmentos de tecido das lesdes obtidos
por biopsia utilizando punch foram analisadas por PCR utilizando primers especificos para

minicirculos do cinetoplasto (kDNA) de Leishmania subgénero Viannia.

Os resultados foram analisados estatisticamente e permitem concluir que considerando o
conforto do paciente, facilidade e seguranca na execucédo, a implementacédo da coleta de amostras

das lesbes dos pacientes por swab podera ser recomendada para o diagnostico da LTA.
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Abstract

Sample collection procedure for laboratory diagnosis of American cutaheous leishmaniasis
(ACL) is crucial, for the current methods are troublesome for both patients and health staff.
This study aimed to evaluate a swabbing based collection procedure couplea with polymerase
- chain reaction (PCR) for ACL diagnosis. Cotton swabs and biopsy samples were obtained in
parallel from 88 patients from endemic areas of Pernambuco State, Brazil ;md were analyzed
: by PCR targeting kDNA minicircle of Leishmania (Viannia) sp]j. 86.4% .concordance and
13.6% discordance we-re observed between the results from the swabbing and biopsy
collection procedures. Considering the patient comfort, safety, and easy management the
implemeniation of swabbing collection procedure should be encouraged for sample routine
colle;:tion for ACL diagnosis. This safe procedure coupled with PCR may contribute for ACL

diagnosis and control success in endemic areas.
Key-words: American cutancous leishmaniasis; Swab; Biopsy; Diagnosis; PCR.
Introduction

American cutaneous leishmaniasis (ACL) is an infectious disease caused by several
Leishmania species transmitted by the bite of infected insects of the genus Lutzomyia. The
spectrum of the clinical manifestations depends on the parasite species involved, the
infectious dose, the site of inoculation and the host nutritional and immune status (Beenal et
al., 2003; Courret et al., 2003; Ghosn and Kﬁrban, 2008). Humans, exhibit a wide spectrum,
from mild to severe, clinical manifestations (Bittencourt et al., 1989); usually occurring the
de'Velopment of single or multiple, dry and crusted or exudative lesions, sometimes unnoticed.
The initial lesion may resc;lve spontaneously or progress to a more severe form of thé disease,

including treatment resistance.
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/

ACL is distributed worldwide in tropical and subtfopical areas mostly in sub-
developed countries. it is recorded throughout Brazil where Leishmania (Viannia) braziliensis
is thé species rﬁost commonly associated with the disease. Leishvmania- (Leishmania)

amazonensis prevalent in the North region is also reported in the Northeast, Southeast and

Midwest regions (Silveira, et al., 1990; Passos et al., 1999; Brito et al., 2012).

ACL routine diagnosis based mainly on clinical and epidemiological evidence, and

microscopic examination of direct smear from dermal scrapihgs; immunological tests such as
Montenegro’s intradermal reaction (MIDR), enzyme-linked immunosorbent assay (ELISA),
indirect immunofluorescence (IIF) and Western blotting (Eresh et al., 1994; Brito et al., 2012)

are complementary tests.

Parasite identification is essential for the correct treatment and epidemiological studies

(Escobar et al., 1992; Davies et al., 1997; Rodrigues et al., 2002).

Leishmania identification is performed by multi-locus enzyme electrophor;sis
(MLLE) or direct immunoﬂuoresceﬁce (IF) with a panel of monoclonal antibodies (Shaw et
alj, 1989; Boité et al., 2012). These techniques are laborious and time consuming, needs high
quantity of parasite cells usually obtained by culturing, and are feasible only in specialized

centers requiring very skilled professional.

The polymerase chain reaction (PCR) based procedures are highly sensitive allowing

the parasites detection directly from samples containing only a few organisms (de Bruijn and

Barker, 1992), it is highly specific, preventing the occurrence of cross reaction with other

trypanosomatidae and allows species identification by using species-specific primers.

Usually the patient’s samples for diagnosis are collected by biopsy. However, this

procedure is painful, requiring anesthesia, and it can only be performed by physicians in
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nosocomial environment. Furthermore, this invasive procedure lend to the inflammation and
secondary bacterial infection. The aim of this study was to compare the performance of swab

and biopsy collection samples for ACL diagnosis by PCR.
Material and Methods

Samples collection

Samples were collected from patients from “Zona da Mata region”, coastal érea of
Pernambuco State and endemic area for L. (V.) braziliensis. The pati‘ent's inclusion criteria fo?
the study were epidemiological and clinical evidence for ACL. Samples were collected under
’sterile cénditioﬁs in the facilities of Hospital Oswaido Cruz, Universidade de Pernambuco
(HUOC-UPE), Recife, PE, Brazil during the period of March 2011 to June 2012. The project

was approved by the Ethics Committee of the Centro de Pesquisas Aggeu Magalhdes

(CPqAM/FIOCRUZ-PE), number 38/2008, and the-individuals involved signed an informed

consent form.

From each patient parallel samples from the same active lesion were collected by
swabbing and biopsy. Swabbing (two samplés from each patient) was performed using
commercial sterile cotton swab without culture medium moving the swab throughout the
lesion surface (Fig. 1).“‘ For dry lesions, the swabs were previously soaked into sterile normal
(0.8%) saline. Biopsy was carried oﬁt from the lesion edge with 5 mm diam. skin-punch undér
local anesthesia (3% prilocaine chloridrate). Swab samples were stored at 4°C, and biopsy

samples at -70°C in 1.5 ml criotubes until use.

DNA extraction and PCR analysis
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DNA was extracted directly from a swab cotton tip, turned off the rod, and half of
each biopsy sample (5 mm diam. skin-punch) using a commercial kit (QIalmp® DNA Mini Kit
- Qiagen, Valencia, USA) following the manufacturer’s instructions. The DNA obtained was
suspended in 50 pL of TE (10 mM Tris, | mM EDTA [pH 8.0]) and stored at - 20°C until use.
PCR mixtures were prepared in a 25 pL volume containing 10 mM Tris-HCI, 50 mM KCI,
0.1 mg/ml gelatin, 1.5 mM MgCl, 0.2 mM of deoxynucleoside triphosphate, and 2.5 U of Tag
DNA polymerase (Amersham Pharmacia Biotech). Two microliters of DNA sample and 25
pmol of each primer: LEIB1 (5’-GGG GTT GGT GTA ATA TAG TGG-3’) and LEIB2 (5’-
CTA ATT GTG CAC GGG GAG G-3’) directed to Leishmania (Viannia) spp. kKDNA
minicircles (de Brujin et al., 1993; Eresh et al., 1994) were used in the PCR reactions.
Thermocycler amplifications were performed in an Eppendorf® thermocycler, Master Cycler
gradient model as follows: 5 min initial denaturation followed by 35 cycles of 94°C for 1 min,

65°C for 1 min, and 72°C for 1 min.

~

Negative and positive controls included in each PCR run were: PCR mix without
DNA as negative control, and 1 ng /pL and 10 pg /uL DNA (to detect variations in
sensitivity) from the reference strain [OC-L-566-MHOM/BR/75/M2903 L. (V.) braziliensis as
positive control. 10 pL of the amplified products were electrophoresed at 6 V/ecm in 1%
agarose gels in 1X TAE (40 mM Tris-Acetate, ]| mM EDTA). Ethidium bromide-stained gels
were visualized and photographed under UV and digitalized using a Kodak®™ documentation

system, Model 100 Gel Image System Logic.

Results
The study involved a total of 88 patients: 52 males (59.1%) and 36 females (40.9%)
aged from seven to 80 years old. Altogether, 176 samples (88 swabs and 88 biopsies) were

analyzed by PCR as above described.
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Out of the 88 swab samples, 60 (68.18 %) were positive in PCR and 28 (31.42 %)
were negative. From the 88 biopsies 68 (77.27 %) were positive i'n PCR and 20 (22.73 %)
were negative.

Of these 176 samples, it was found that: a- 58 were matched to swab and biopsy and
positive by PCR; b- 10 samples from biopsy were PCR positives but the parallel swabs were
negatives; c- two samples from swab were PCR positives but the parallel biopsies were
negatives; d- 18-paired samples from swab and biopsy were PCR negatives.

The comparison of the PCR results showed a compatibility of up to 86% and 13.64%
of discordance (Table 1). These data were statistically significant (p value > 0.001). The value
obtained from Kappa analysis between the PCR results from swab and biopsy samples (0.66)
was substantial. Fig. 2 shows the 750 base pairs (bp) specific amplified segment for

Leishmania (Viannia) spp. KDNA minicircles from representative swab and biopsy samples.

Discussion

Usually biological samples for ACL diagnosis are collected by scraping or biopsy
from the edges of active lesions. Biopsy, although the mostly used, is a microsurgical
procedure, extremely invasive requiring special pre and post care. Furthermore, this invasive

procedure lend to the inflammation and secondary bacterial infection.

Other procedures attempted for samples collection for ACL diagnosis, considered
easier and safer, such as the use of sterile toothpicks (Eresh et al., 1994) and the use of cotton
swab after removing crust with scalpel blades introduced by Mimori et al., (2002) also lend to

active lesions injury.

The skin exudates collection procedure is ticklish particularly for children and facial or

other delicate lesion sites unsuitable for biopsy.

Page 6
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Implementation of a noninvasive collection method coupled with a high sensitive and

specific diagnosis technique is of the utmost importance for ACL diagnosis.

PCR-based diagnosis procedures from samples collected by different methods are
widely used due to the high sensitivity, speed and efficiency compared to other methods, and
offer new possibilities and alternatives for clinical and epidemiological studies of

leishmaniasis (Landis and Koch, 1977; de Bruijn and Barker, 1992; Mimori et al., 2002)..

In the present study, parallel samples from 88 patients were collected by swab and

biopsy and analyzed by PCR and the results were compared statistically.

The value obtained from Kappa analysis was 0.66 which, according to Landis and
Koch, 1977, is considered substantial. Actually, among the positive and negative results,
86.36% were compatible demonstrating the high efficiency of the swab collection technique.
In 13.64% of the cases the results were discordant: in ten cases the biopsy samples were PCR
positives and the swab negatives, whereas in two cases the contrary was observed, biopsy
negative and swab positives. This divergence (higher biopsy positive results) could be
attributed to some shortcomings during swab exudates collection or by the parasites scarcity
on the exudates, for the parasite amount is inversely proportional to the infection time length

(Rodriguez et al., 1994; Weigle et al., 2002).

Concerning the two biopsy negative and swab positive patients one can speculate that
in spite of more tissue is obtained by biopsy it is not a rule to obtain a higher number of

parasites, for they are not evenly spread over the lesion area.

Actually, the evenly parasite presence throughout the lesion area is unlikely. Hence,
parasites absence in small biopsy collected fragments and false negative results must be

admitted.
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On the other hand, the swab technique allows exudates collection throughout the
lesion, even from the lesion center from where the removal of fragments is not usually

technically encouraged in spite of the known high parasites concentration.

In conclusion, the results from the present study proved that the collection of skin
lesion exudates by swab for ACL diagnosis is technically feasible and offers several
advantages: it can be performed by any health-care, non-physician professional; it does not
require anesthesia; and the procedure can be carried out at the patient’s home or in an

outpatient setting, without the discomfort of patient displacement and hospitalization.

The implementation of this simple and safe procedure coupled with PCR should be
encouraged. These results may contribute for ACL diagnosis and the control success in

endemic areas.
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Figure Legends

Figure 1. Cutaneous exsudates collection throught swab. Abbreviations: (A) Indicates the

collection at the edge of the lesion and (B) in the center of the lesion.

Figure 2. PCR products of biopsy and swab samples amplified using specific primers for
Leishmania (Viannia) spp. kKDNA minicircles in ethidium bromide stained 1% agarose gel
electrophoresis. Abbreviations: Lanes: M, marker (100-bp ladder, Invitrogen); C* and C™:
positive controls containing 1 and 0.01 ng of parasite genomic DNA, respectively; C:
negative control; 1, 2, 3, 4, 6: positive biopsy samples and 8, 9, 10, 12, 13, 15: positive swab

samples. The amplified 750-bp fragment is indicated by the arrow.
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Tabela 1. Comparison of PCR results from biopsy and swab samples.

PCR Total of agreement %
Biopsy Swab between results*
+ 18
+ + 58 86.36
+ - 10
+ 2 13.64
Total of samples analyzed 88 100

Note: (+) Positive result; (-) Negative result; (*) Similar result in both samples.
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ARTIGO 4

Sumeter a resvista PloS ONE

Avaliacao de diferentes métodos para diagndstico da leishmaniose tegumentar americana

Evaluation of different methods for the diagnosis of American cutaneous leishmaniasis. Maria
Edileuza Felinto Brito, Ana Isabele Freitas de Araujo, Juliana Bezerra Medeiros Viana, Joanna
Lacia de Almeida Alexandre, Angela Cristina Rapela Medeiros, Roberto Pereira Werkhauser,
Claudio Julio da Silva, George Tadeu Nunes Diniz, Sinval Pinto Brandao-Filho, Alzira Maria

Paiva de Almeida, Eduardo Henrique Gomes Rodrigues.

Este artigo apresenta um estudo realizado em 98 pacientes sendo 88 suspeitos de leishmaniose
tegumentar americana (LTA) provenientes de &rea endémica e 10 de &rea ndao endémica com

outras patologias dermatolégicas (grupo controle negativo).

Nos pacientes suspeitos de LTA foram realizadas analises em amostras de material de lesdes
cutaneas através de técnicas tradicionais parasitologicas e imunoldgicas: exame direto por
microscopia Optica em imprints, cultura e inoculagio em animal de laboratorio,

imunofluorescéncia indireta (RIFI), ELISA e intradermoreacdo de Montenegro (IDRM).

Apesar de ser considerado o padrdo ouro, apenas 70,6 % dos pacientes foram positivos pelo
método direto; o maior percentual de positividade (94 %) foi pela IDRM; menor positividade foi
obtida pela RIFI (67,6 %) e pela cultura (30,7 %).

Amostras pareadas de cada paciente foram coletadas da mesma lesdo através de biopsias e por
swab e analisadas pela técnica de reagdo em cadeia da polimerase (PCR) para amplificacdo de

minicirculos do cinetoplasto (kDNA) de Leishmania subgénero Viannia.

Em 58 pacientes as amostras pareadas obtidas por bidpsia e swab foram positivas pela PCR e em
18 pacientes foram negativas; de 10 pacientes apenas as amostras obtidas por biopsia foram

positivas e de dois pacientes apenas as amostras obtidas por swab foram positivas.

De acordo com o indice de Kappa a concordancia entre os resultados da PCR a partir de
amostras coletadas por swab e por bidpsia foi de 86,36 %, sendo considerada substancial (Kappa
=0,66).
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A divergéncia dos resultados nos 12 pacientes (apenas as amostras coletadas por bidpsia foram
positivas por PCR em 10 pacientes, e apenas as amostras obtidas por swab foram positivas em
dois pacientes) pode ser atribuida a baixa quantidade de parasitos nos exsudatos, ou existéncia de
pouco exsudato, uma vez que 0s parasitos ndo se encontram uniformemente distribuidos em toda
a lesdo, podendo haver areas da lesdo sem parasitos, 0 que pode ocasionar um resultado falso-

negativo.

Apesar do exame direto ter se mostrado mais eficiente do que a PCR o procedimento empregado
na coleta das amostras das lesbes ¢ um procedimento invasivo, exige maior capacitacdo dos
técnicos e sua sensibilidade depende da espécie do parasito envolvido e do tempo de evolugao da
doenca.

A IDRM é um teste bastante utilizado em inquérito epidemioldgico, pois aponta contato do
individuo com o parasito. Apesar de fornecer maior percentual de positividade dentre os testes
imunolégicos apresenta importantes limitacdes técnicas para execucdo e interpretacdo dos
resultados, desconforto para os pacientes e ndo distingue infeccdo presente da passada e ndo

reage com os individuos imunossuprimidos.

Em conclusdo, os estudos revelaram a sensibilidade e a eficacia da combinacdo entre o
procedimento de coleta de amostras por swab e a analise por PCR para utilizacdo no diagnostico
da LTA. Dessa maneira, além da seguranca e conforto para os pacientes e profissionais o

emprego de procedimentos invasivos sera reduzido.
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RESUMO

A leishmaniose tegumentar americana (LTA) é uma doenca infecto-parasitaria complexa, que se
destaca por apresentar diferentes formas clinicas e ser de dificil diagnostico. A definicdo de caso
¢ feita através de exames clinicos associados aos dados epidemioldgicos e laboratoriais. A
obtencdo de amostras para os testes laboratoriais na sua maioria é feita por métodos invasivos.
Neste trabalho a metodologia empregada na coleta de amostras e diagnéstico da LTA foi
avaliada objetivando validar um método de coleta ndo invasivo associado a técnica de PCR, para
0 diagndstico da LTA. Estudos realizados em 88 pacientes suspeitos de LTA e 10 com outros
tipos de lesdes dermatoldgicas revelaram que a coleta por swab para diagndstico por PCR é uma
alternativa valida para o diagndstico da LTA e podera contribuir para o sucesso do controle da

doenca em areas endémicas.

Palavras chaves: Leishmaniose tegumentar. Diagnéstico. PCR. Bidpsia. Swab.
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Evaluation of different methods for the diagnosis of American cutaneous leishmaniasis

Abstract

American cutaneous leishmaniasis (ACL) is a complex parasite-infectious disease, displaying
different clinical forms, and difficult diagnosis. ACL case definition based on clinical
examination associated with epidemiological and laboratory data. Usually patients’ samples
collection for laboratory testing is carried out by using invasive methods. In this work samples
collection and diagnosis methodology, was assessed to validate a non-invasive method of sample
collection associated with PCR for ACL diagnosis. Studies conducted on 88 ACL suspected
patients and 10 patients with other dermatological diseases revealed that the swab collection
method is a valid alternative for ACL diagnosis and may contribute to the successful control of

the disease in endemic areas.

Key words: American cutaneous leishmaniasis. Diagnostic. Sample collection. Swab. Biopsy.
PCR.

Introducéo

A leishmaniose tegumentar americana (LTA) é uma parasitose complexa por apresentar
diversas manifestacdes clinicas e diferentes padrdes epidemioldgicos de ciclo de transmissdo. O
diagnostico laboratorial da LTA é de fundamental importancia, em virtude das dificuldades para
a definicdo dos casos, que envolve os diagnosticos diferenciais com outras dermatoses
granulomatosas e aos serios efeitos colaterais dos medicamentos utilizados para o tratamento dos
pacientes [1,2].

O diagnostico convencional é feito atraves da visualizacdo do parasito por microscopia
Optica em esfregacos ou imprints, exames histopatoldgicos, além de cultura em meio especifico e
inoculagdo em animal de laboratorio [3,4], a partir de fragmentos de amostras teciduais coletadas
das lesbes por escarificagdo ou por biopsia. Exames imunologicos como, a reacdo de
imunofluorescéncia indireta (RIFI), ELISA e Western blotting, e a intradermorreacdo de
Montenegro (IDRM), sdo métodos indiretos que também auxiliam no diagndstico [1,5].

Esses procedimentos apresentam sensibilidade variada dependendo de fatores como o
tempo de evolucdo da leséo, a espécie de Leishmania envolvida e as manifestagdes clinicas [1].

O exame direto ¢ considerado “padrao-ouro” para o diagnostico da LTA [6,7].
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A PCR tem sido utilizada com sucesso no diagnostico de LTA [8,9] apresentando alta
sensibilidade e especificidade [9,10], principalmente quando realizada em amostras de bidpsias
[11]. Entretanto esses resultados variam de acordo com as condic¢des do operador e do laboratério
[3].

O diagndstico rapido e preciso da LTA por permitir o tratamento correto e precoce, pode
contibuir para a melhoria do planejamento das acdes e medidas de controle da doenca [1] e para
isso € necessario, além de métodos eficazes de identificacdo do parasito o emprego de
procedimentos simples, seguros e de facil execucdo para a coleta das amostras.

Uma importante limitacdo no diagnostico da LTA € a coleta das amostras que emprega
métodos invasivos que causam desconforto para o paciente e € particularmente de dificil
execucao em criancas e quando a lesdo esté localizada na face e ou em outras partes delicadas do
corpo do paciente. Além disso, procedimentos como a bidpsia exigem técnicos especializados e
pode ser feita apenas por especialista em ambiente hospitalar, e ainda pode aumentar o risco de
infecgBes secundarias por bacterias.

A coleta de exsudatos das lesbes cutaneas por meio de swab é um procedimento ndo
invasivo [12], de rapida e facil execucdo. A utilizacdo deste método permite a coleta de exsudato
em toda extensdo da lesdo, pode ser de uso pediatrico e feito por um técnico qualificado na
prépria residéncia do paciente sem necessidade de deslocamento. Pela simplicidade, a coleta de
amostra por swab, associada a alta sensibilidade e especificidade da PCR podera contribuir para
aperfeicoamento do diagnostico da LTA e auxiliar a rotina de diagnéstico nos servicos de salde
Nesse sentido o presente estudo valida o0 método de coleta ndo invasivo por swab associado a

técnica de PCR, para o diagndstico da LTA.

Métodos
Tipo de estudo: Selecdo de pacientes por conveniéncia.

Pacientes: O estudo envolveu 88 pacientes com sinais clinico e historico epidemiologico
de LTA procedentes de area endémica, e 10 pacientes com outras patologias dermatologicas
(Ulcera de estase, Ulcera tropical, Glceras traumaticas, hanseniase, esporotricose, tuberculose e
neoplasias cutaneas) de area ndo endémica para LTA. O diagndstico clinico-epidemiolégico com
base na anamnese, caracteristicas das lesfes e dados dos pacientes (sexo, faixa etaria, ocupacéo e
procedéncia) foi realizado pelo dermatologista do ambulatério do Hospital Universitario
Oswaldo Cruz (HUOC), Recife - PE, Brasil. O estudo foi aprovado pelo Comité de Etica em
Pesquisas do Centro de Pesquisas Aggeu Magalhdes (CPqAM/FIOCRUZ-PE) licenca N° 41/08.
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Os pacientes que participaram da pesquisa assinaram o Termo de Consentimento Livre e
Esclarecido (TCLE).

Coleta das amostras. De cada paciente foram coletadas amostras pareadas da mesma
lesdo (1): utilizando swabs de algodd@o estéreis obtidos comercialmente, acondicionados em
tubos sem meio de cultura (Absorve), para a coleta do exsudato das lesdes, (2) utilizando punch
de 5mm (Fisher Scientif NC9151828) para obtencdo de fragmentos de tecido das lesdes
(bidpsia). Também foi obtido material de raspado da borda da lesdo, e sangue venoso.

A coleta por swab foi realizada em toda a area das lesbes ulceradas; nas ressecadas e/ou
que ndo apresentavam exsudatos utilizou-se swab umedecido com soro fisiolégico estéril; e nas
crostosas a lesdo foi previamente umedecida com compressa de gaze umedecida com soro
fisioldgico estéril, procedendo em seguida a retirada de uma pequena parte da crosta,
preferencialmente da borda, a partir da area exposta foi feita a coleta do exsudato com swab. Os
swabs foram estocados -20°C.

As biodpsias cutdneas foram realizadas utilizando punch de 5 mm de didmetro. Os
fragmentos foram retirados da borda da lesdo, ap6s antissepsia com clorexidina a 2 % e
infiltracdo anestésica local com lidocaina a 2%. Logo apos a coleta cada fragmento (5mm) de
tecido das lesOes obtido por bidpsia foi dividido ao meio com lamina de bisturi n° 11. Uma parte
foi processada em cultura, e a outra parte estocada em criotubos a temperatura de -20°C para
analise por PCR.

Raspados da borda da lesdo foram realizados com o auxilio de 1dmina de bisturi estéril,
previamente higienizada com soro fisiologico estéril e, com o material obtido foi feito esfregaco
em duas laminas microscopicas para exame direto.

De cada paciente foi coletado 5mL de sangue venoso para a obtencdo de soro que foi
estocado a -20°C até o uso. As amostras coletadas foram transportadas em caixas com gelo sob
refrigeracdo para o Servico de Referéncia em Leishmaniose da FIOCRUZ — PE.

Pesquisa direta. Os esfregacos (ap0s secagem) foram fixados com metanol, corados com
solucédo de Giemsa por 25 minutos e examinados em microscopio optico com aumento de 100x.

Cultura. Fragmentos de tecidos obtidos por biopsia foram picotados por bisturi e
suspensos em 500ul de salina estéril contendo 1 % de penicilina (100UI/mL) e estreptomicina
(100ug/mL, SIGMA®). 400pl foi inoculado em 4mL de meio NNN/modificado por Walton
(1977) e incubado a 26°C. A cultura foi examinada em intervalo de cinco dias durante 20 dias
para a visualizacdo de promastigotas [14].

Cem microlitos (100uL) do material foram inoculados por via intraperitoneal em

hamsters (Mesocricetus auratus). Os animais foram mantidos em gaiolas ventiladas e observados
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durante trés meses no Biotério de Experimentacdo Animal da FIOCRUZ - PE. Os animais foram
eutanasiados em camara de CO? e colhidas amostras de tecidos (pele, baco e figado). Com os
fragmentos do figado foram feitos esfregacos em laminas, como descrito acima para exame
microscopico direto. Com o fragmento do baco foram feitos imprints por aposi¢cdo em laminas
para exame microscopico e semeio em meio de cultura (NNN/modificado) como descrito acima
para o isolamento e/ou recuperacdo do parasito. O procedimento teve autorizacdo da Comisséo
Etica de Uso de Animais (CEUA), FIOCRUZ — PE (N°17/10).

Caracterizacéo dos parasitos. Os isolados obtidos por cultura ou inoculagcdo em hamster
foram identificados em nivel de espécie através de RIFI usando anticorpos monoclonais
especificos anti-Leishmania e eletroforese de enzimas multilocus (MLEE) segundo descrito
anteriormente [15-17].

Exames imunoldgicos. Pacientes foram submetidos a IDRM utilizando antigeno
produzido pelo Centro de Producdo e Pesquisa de Imunobioldgicos-CPPI-Parana seguindo as
instrucdes do fornecedor. A leitura da reacdo foi feita apds 48 h pelo método Socal [18],
considerando positivo a enduragdo com > Smm de didmetro.

Amostras de soro de 69 pacientes foram analisadas por RIFI utilizando o kit RIFI-
Leishmaniose Humana produzido por Biomanguinhos seguindo instruces do fornecedor. Foram
utilizados dois soros padrées (positivos e negativos) na diluicdo de 1:40, tendo sido considerado
positivos aqueles que resultaram em fluorescéncia de Leishmania sp. nas ldaminas a uma diluicéo
sérica de 1:40.

Analise por PCR. O DNA das amostras foi extraido diretamente a partir dos swabs,
separados das hastes, e metade de cada amostra de bidpsia (punch 5 mm diam), utilizando kit
comercial (Qlamp ® DNA Mini Kit - Qiagen, Valencia, EUA), seguindo as instrugdes do
fabricante. As amostras de DNA obtidas foram suspensas em 50 pl de TE (Tris 10 mM, EDTA 1
mM (pH 8,0) e armazenadas - 20 ° C.

As reagdes de PCR para amplificagdo de um segmento de 750 pares de base (pb) do
KDNA para o subgénero Viannia foram realizadas como descrito [4].

Analise estatistica. Os dados obtidos foram processados e analisados através do

programa estatistico OpenEpi V.2.3 - http://www.openepi.com/OE2.3/Menu/OpenEpiMenu.htm

R — http://www.r-project.orq.

Para identificacdo dos verdadeiros positivos foi calculada a sensibilidade e para os
verdadeiros negativos a especificidade, verificando a acuracia em relacdo aos testes de

diagnostico; os valores preditivos positivos e negativos também foram calculados. O Teste


http://www.openepi.com/OE2.3/Menu/OpenEpiMenu.htm
http://www.r-project.org/

BRITO M.E.F 91

Kappa [19] foi utilizado para avaliacdo da concordancia entre os testes de diagndstico. Todas as

conclusdes foram tomadas em nivel de significancia de 5%.

Resultados

Diagnostico clinico e epidemioldgico dos pacientes. Dos 88 pacientes do estudo, com
lesdo de LTA, 52 (59,1 %) eram do sexo masculino e 36 (40,9%) do sexo feminino. A idade
variou de sete a 80 anos sendo a faixa etaria mais acometida a de 31-50 anos.

De acordo com as manifestacfes clinicas, 86 (92,59 %) pacientes apresentavam a forma
cutanea localizada, um paciente era portador de leishmaniose disseminada (56 lesdes) e outro
estava co-infectado (HIV/LTA).

Quanto as caracteristicas das lesdes, 91,0 % dos pacientes apresentaram lesdes ulceradas,
7,95 % lesdes crostosas, e 1,13 % lesdo Ulcera papulosa (Tabela 1). O periodo de evolugdo da

lesdo variou de oito dias a dois anos, sendo em média de 2,2 meses.

Tabela 1: Distribuigdo dos resultados da PCR em amostras pareadas coletadas por Swab e por

Bidpsia nos diferentes tipos das lesdes dos pacientes.

Tipo de Swab Biopsia
Ne
lesdo Positivo Negativo Positivo Negativo
Ulcerada 80 52 28 61 19
Crostosa 7 7 0 6 1
Papula- 1 1 0 1 0
ulcerada

Diagnostico Parasitologico. Através do exame microscopico direto dos esfregagos em
lamina de material obtido por raspado da borda da lesdo nos 88 pacientes, 62 (70,4%) foram
positivos. No total 27 pacientes (30,7%) foram positivos por cultura in vitro e in vivo; das
amostras coletadas por bidpsia nos 88 pacientes e cultivadas in vitro e in vivo foram isoladas 27
cepas: 16 pelo semeio no meio de cultura 11 pela inoculagdo em hamster. Os isolados foram
caracterizados como L. (V.) braziliensis atraves de analise de isoenzimas e anticorpos

monoclonais.



BRITO M.E.F 92

As culturas foram preservadas em meio de cultura com 8 % de glicerol em criotubos em
nitrogénio liquido (-196°C) no Banco de Cepas do SRL da FIOCRUZ - PE e depositadas na
Colecdo de Leishmaniose do Instituto Oswaldo Cruz (CLIOC), Rio de Janeiro e no Instituto
Evandro Chagas em Belém do Para.

Diagnostico imunoldgico. A prova de IDRM foi realizada em 50 dos 88 pacientes do
estudo, e desses 47 (94 %) foram positivos (Tabela 2).

A RIFI para deteccédo de anticorpos especificos anti - Leishmania spp. foi realizada em 69
dos 88 pacientes do estudo e desses 46 (68,11%) foram positivos (Tabela 2).

Diagnostico por PCR. Através das reacdes para amplificagdo do KDNA do subgénero
Viannia, por PCR, um total de 70 pacientes (79,5%) se revelaram positivos; houve amplificacéo
do segmento do tamanho esperado (750 pb) em 68 amostras (77,3%) obtidas por bidpsia e 60
(68,2%) por swab.

A PCR foi positiva nas amostras pareadas obtidas por bidpsia e swab de 58 pacientes, e
negativa nas amostras pareadas obtidas por bidpsia e swab de 18 pacientes; de 10 pacientes
apenas as amostras obtidas por biopsia foram positivas e de dois pacientes apenas as amostras
obtidas por swab foram positivas.

Das amostras pareadas coletadas em 80 pacientes apresentando lesdes ulceradas, 52
amostras obtidas por swab e 61 obtidas por biopsia mostraram-se positivas por PCR; as amostras
obtidas por swab de sete pacientes com lesbes crostosas e seis obtidas por bidpsia foram
positivas, e as amostras pareadas obtidas por swab e biopsia em um paciente com lesdo papula

ulcerada foram positivas por PCR (Tabela 2).
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Tabela 2: Resultados dos diferentes testes diagnésticos (Exame direto, PCR, IDRM, RIFI,

Cultura in vitro e in vivo) nos pacientes do estudo.

EXAMES N° examinado N° Positivos % Positivos
Pesquisa direta 88 62 70,6
Swab 88 60 68,2
PCR Biopsia 88 68 77,3
TOTAL* 88* 70* 79,5*
IDRM 50 47 94,0
RIFI 69 46 67,6
Cultura in vitro 88 16 18,2
Cultura in vivo 88 11 12,5
Cultura TOTAL** 88 27 30,7

Total*: resultados combinados swab + bidpsia

Cultura TOTAL**: resultados combinados Cultura in vitro + in vivo

A analise da concordancia dos resultados da PCR nas amostras coletadas por bidpsia e
por swab, pelo teste kappa, mostrou conformidade em 86,37. O valor obtido dessa concordancia
foi estatisticamente significativo (p < 0,001).

O exame direto, considerado padrdo ouro para diagnéstico de LTA, foi positivo em 62
(70,6%) amostras dos 88 pacientes. Das 88 amostras obtidas por swab 60 (68,2%) foram
positivas por PCR. De acordo com o tipo de lesdo, a pesquisa direta mostrou-se eficiente, sendo
0 parasito detectado em lesdes ulceradas, crostosas e papula ulcerada.

Os resultados da pesquisa direta revelaram 74,19% de sensibilidade, 46,15% de
especificidade, 65,91% de acurécia e IC de 55.53-74,96 %. O valor preditivo positivo foi de
76.67 % e a razdo de verossimilhanca de 1,378 para um resultado de teste positivo e de 0,5591
para um teste negativo.

A andlise dos resultados do diagnostico por PCR em material obtido por swab e bidpsia
forneceu 85,29% de sensibilidade, 90% de especificidade, 86,36% de acuracia, e 0 IC 95%, foi
de 77,39-92,75%. O valor preditivo positivo foi de 96,67% e a razdo de verossimilhanca foi de

8,5290 para um resultado de teste positivo e de 0,1634 para um resultado de teste negativo.
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DISCUSSAO

Esse estudo demonstrou a sensibilidade e a eficAcia da combinacdo entre o
procedimento de coleta de amostras por swab e a anélise por PCR para utilizagdo no diagnostico
da LTA. Através da analise por PCR em material coletado por swab 60 de 88 amostras (68,2%)
foram positivas, e por exame direto de esfregaco 62 de 88 pacientes foram positivos (70,6%).
Apesar do exame direto ter se mostrado mais eficiente o procedimento empregado na coleta das
amostras das lesdes € um procedimento invasivo. O exame direto, padrdo-ouro para o
diagnostico da LTA, apesar de rapido e facil, exige técnicos capacitados [3] e sua sensibilidade
depende da espécie do parasito envolvido e do tempo de evolugdo da doenca.

A concordancia entre o teste de PCR a partir de amostras coletadas por swab e bidpsia
foi considerada substancial (Kappa = 0,66), conforme indice de Kappa de Cohen [19]. O valor
desse indice demonstra a eficacia significativa da técnica de coleta por swab em relacéo a biopsia
[19]. A divergéncia dos resultados pode ser atribuida a baixa quantidade de parasitos nos
exsudatos, ou existéncia de pouco exsudato, uma vez que estes ndo se encontram dispostos de
forma uniforme na lesdo, podendo existir areas da lesdo onde ndo haja a presenca de Leishmania,
0 que pode conduzir a um resultado falso-negativo. Como descrito anteriormente, a quantidade
de parasitos nas lesdes é inversamente proporcional a duracdo da infeccdo [20] e lesdes
ressecadas e/ou crostosas sao pobres em exsudato. Entretanto nesse trabalho a caracteristica das
lesGes ndo pareceu influenciar os resultados.

Estudos prévios demonstraram a elevada sensibilidade da PCR em material de raspagem
de lesdo em relacdo ao exame direto de esfregaco. A PCR além de ser capaz de detectar pequena
quantidade de DNA dos parasitos em amostras de bidpsia pode identificar a espécie do parasita
sem necessidade de cultivo [9].

Nesse trabalho a positividade total por PCR das amostras obtidas em paralelo por swab e
biopsia (70 amostras = 79,5%) foi superior a do exame direto (62/88 = 70,6%).

A amplificacdo por PCR do DNA de L. (V.) braziliensis pode ser realizada a partir de
amostras de sangue de pacientes [21], entretanto a sensibilidade da PCR em sangue revelou-se
baixa em comparacdo as amostras de biopsia de tecido, devido a escassez de parasitos circulantes
[21], além disso, a coleta de sangue € um processo invasivo. Amplificacdo do DNA de L (V.)
braziliensis também pode ser realizada em amostras de saliva de pacientes de LTA. A presenca
do parasito na saliva pode ser atribuida ao tropismo das espécies do subgénero Viannia [22].

A presenca dos parasitos envolvidos na leishmaniose visceral (LV) tem sido detectada em
amostras de tecidos, sangue, urina, fezes e a partir de amostras coletadas por swab de secrecdes

orais e nasais [22]. Strauss-Ayali et al., (2004), comparando os resultados dos exames de material
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coletado por swab da conjuntiva de cdes e amostras coletadas por métodos convencionais,
inclusive a bidpsia de tecido canino, concluiram que a coleta de amostras por swab associada ao
diagnostico por PCR pode ser uma alternativa para estudos epidemiologicos da LV canina
[24,25] e no futuro este procedimento poderd substituir a puncdo medular tradicional evitando
risco e desconforto para os animais.

No presente estudo, os resultados das culturas in vivo e in vitro (27/88 = 30,68 %), e da
RIFI (46/68 = 67,6 %) foram inferiores aos do exame direto (62/88 = 70,6 %).

A IDRM foi positiva em 47/50 pacientes (94%) corroborando o diagndéstico clinico-
epidemiolégico. A IDRM tem grande valor no diagnostico presuntivo de LTA, sendo
considerado um bom indicador para inquérito epidemioldgico e permite o diagnostico diferencial
entre as doengas dermatoldgicas [26].

A RIFI é uma técnica sensivel que apresenta especificidade varidvel (66 a 71%) na forma
cutanea e 100% na forma mucosa [5,34]. Os resultados obtidos no presente estudo foram
inferiores aos do padrdo-ouro. As diferencas na especificidade e sensibilidade podem ser
atribuidas a baixos niveis de anticorpos circulantes ou a reduzida antigenicidade dos parasitos
[5,28].

A cultura embora seja 0 método de diagnostico mais especifico para LTA [30,31], quanto
a sensibilidade os resultados sdo discrepantes e a positividade das culturas pode variar de 13 a
90% [32,33]. Entre os fatores responsaveis dessa variabilidade apontam-se: diferentes meios de
cultura utilizados e a diferenca entre as espécies de Leishmania envolvidas [3]. No nosso estudo
os resultados das culturas in vitro e in vivo ficaram muito abaixo do padrdo-ouro e dos outros
testes em geral.

Métodos alternativos de coleta de amostras bioldgicas para diagnostico de LTA tém sido
buscados com o objetivo de minimizar o desconforto dos pacientes. Alguns procedimentos como
impressdo em papel de filtro uso de escova citoldgica, palitos de madeira, para coleta de material
de lesbes para diagndstico da LTA por PCR forneceram valores de sensibilidade entre 95 a 99%,
superior ao de exame direto em laminas cuja sensibilidade foi de 47,9 % [12,34-36]. No entanto,
a coleta utilizando palito de madeira e bisturis apresentam o inconveniente do uso de material
perfuro-cortante.

Esses resultados demonstram que a obtencdo de amostras pelo método ndo invasivo por
swab, associada aos testes moleculares pode representar um avango substancial no diagnostico
laboratorial da LTA. Esse método: (a) evita o deslocamento do paciente, (b) pode ser realizado

por diferentes profissionais devidamente habilitados, (c) pode ser utilizado em diferentes faixas
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etarias, (d) é o mais seguro no ato da obtencdo da amostra, e (e) possibilita o facil transporte da
amostra.

O método de coleta por swab associado a técnica de PCR para o diagnostico da LTA
proposto no presente estudo é sensivel, especifico, facil de execucdo e oferece segurancga,
conforto para os pacientes e profissionais de salde, podendo ainda reduzir o nimero de coletas

invasivas.
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CONCLUSOES

O presente estudo contribui para: 1) Ordenar e ampliar o conhecimento técnico
cientifico sobre todos os aspectos clinicos e epidemiologicos da LTA em Pernambuco;
2) O uso combinado do método de coleta por swab e a técnica de PCR de amostras de lesbes
cuténeas para o diagndstico de leishmaniose é sensivel, especifico e de substancial concordancia.
3) Oferecer aos pacientes e profissionais da saide um método de coleta préatico e seguro; 4) O
método proposto no presente trabalho permite que pequenos centros de salde possam realiza-lo

de forma réapida, facil e a um custo mais baixo.
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APENDICE A: TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO — Grupo Paciente

%, Fundacado Oswaldo Cruz, Ministério da Saude

S

Centro de Pesquisas FIOCRUZ
AGGEU MAGALHAES

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - Grupo Paciente

Projeto: “Validag¢io do método Swab para o diagndstico da leishmaniose tegumentar americana em pacientes
de area endémica de Pernambuco, Brasil”.

U, e , concordo em participar voluntariamente neste
projeto que ser4 desenvolvido no Centro de Pesquisas Aggeu Magalhdes da Fundacdo Oswaldo Cruz
(CPgAM/FIOCRUZ). Fui informado que o objetivo principal do referido projeto é melhorar o diagndstico molecular
da leishmaniose tegumentar americana a partir de um método que ndo utiliza material que corte a pele, para
identificacdo de Leishmania spp.

Como faco parte do grupo de pacientes, serei submetido a coleta de leishméanias com a utilizagdo de hastes
flexiveis (cotonetes), sob condicdes estéreis, em toda a rea da lesdo. Todo procedimento serd realizado com material
estéril descartavel e por profissionais de satde de reconhecida capacidade para executa-lo.

A presente proposta contribui para um melhor conhecimento da doenca e diagndstico mais répido da
leishmaniose tegumentar humana. Esse projeto levard a um tratamento mais rapido, com beneficios para o paciente,
sendo considerado inovador, no que diz respeito ao procedimento de coleta de leishmaénias. Antes de minha
participacdo no referido projeto, fui incentivado a pedir qualquer esclarecimento adicional que julgasse necessario,
esclarecido por um participante do mesmo. Estou ciente que poderei recusar ou retirar meu consentimento, em
qualquer momento da investigacdo, sem qualquer punigéo ou prejuizo.

Autorizo a Fundacdo Oswaldo Cruz (CPgAM/FIOCRUZ) a utilizar as informagfes obtidas através dos
resultados dos procedimentos em reunides, congressos e publicacBes cientificas preservando, neste caso, a minha
identidade. Autorizo, também o CPgAM/FIOCRUZ a estocar amostras biolégicas para posteriores estudos.

Estou ciente que este documento é feito em duas vias, ficando uma em posse do participante e a outra com a
equipe.

Assinatura do paciente ou menor data
Assinatura do responsavel data
Assinatura do médico responsavel — CPgAM/Fiocruz data

Endereco profissional: Ambulatdrio de Dermatologia do Hospital Universitario Oswaldo Cruz (HUOC), Rua:
Arnaldo Marques, s/n Santo Amaro,Recife-PE. Fone:(81) 3413-1300.

Departamento de Imunologia, Centro de Pesquisas Aggeu Magalhdes, FIOCRUZ, Av. Moraes Rego, s/n , Cidade
Universitaria, Cx. Postal 7472, CEP: 50670-420, Recife — PE, Brasil. Tel.; (081) 2101 2500; Fax: (081) 2101 2640;
http://www.cpgam.fiocruz.br.
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APENDICE B: TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - Grupo Controle

. Fundacéo Oswaldo Cruz, Ministério da Saude

b

Centro de Pesquisas FIOCRUZ
AGGEU MAGALHAES

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - Grupo Controle

Projeto: “Valida¢io do método Swab para o diagnostico da leishmaniose tegumentar americana em pacientes
de area endémica de Pernambuco, Brasil”.

U, e , concordo em participar voluntariamente neste
projeto que serda desenvolvido no Centro de Pesquisas Aggeu Magalhdes da Fundagdo Oswaldo Cruz
(CPgAM/FIOCRUZ). Fui informado que o objetivo principal do referido projeto é melhorar o diagndstico molecular
da leishmaniose tegumentar americana a partir de um método que ndo utiliza material que corte a pele, para
identificacdo de Leishmania spp. Eu farei parte do grupo controle, ou seja, grupo de individuos que ndo apresentam a
doenga e que servirdo de comparacdo com os individuos doentes. Serei submetido a uma Unica coleta com a
utilizagdo de hastes flexiveis (cotonetes), sob condi¢des estéreis, em toda a area da lesdo. Todo procedimento serd
realizado com material estéril descartavel e por profissionais de salde de reconhecida capacidade para executa-lo.

A presente proposta contribui para um melhor conhecimento da doenca e diagnostico mais rapido da
leishmaniose tegumentar humana. Esse projeto levard a um tratamento mais rapido, com beneficios para o paciente,
sendo considerado inovador, no que diz respeito ao procedimento de coleta de leishméanias. Estou ciente que poderei
recusar ou retirar meu consentimento, em qualquer momento da investigacdo, sem qualquer puni¢do ou prejuizo.
Antes de minha participacdo no referido projeto, fui incentivado a pedir qualquer esclarecimento adicional que
julgasse necessario, esclarecido por um participante do mesmo, sobretudo em relagdo a importancia do grupo
controle. Estou ciente que poderei recusar ou retirar meu consentimento, em qualquer momento da investigacdo, sem
qualquer punigdo ou prejuizo.

Autorizo a Fundagdo Oswaldo Cruz (CPgAM/FIOCRUZ) a utilizar as informagdes obtidas através dos
resultados dos procedimentos em reunides, congressos e publicagBes cientificas preservando, neste caso, a minha
identidade. Autorizo, também o CPgAM/FIOCRUZ a estocar amostras biolégicas para posteriores estudos.

Estou ciente que este documento € feito em duas vias, ficando uma em posse do participante e a outra com a
equipe.

Assinatura do paciente ou menor data
Assinatura do responsavel data
Assinatura do médico responsavel — CPgAM/Fiocruz data

Endereco profissional: Ambulatério de Dermatologia do Hospital Universitario Oswaldo Cruz (HUOC), Rua:
Arnaldo Marques, s/n Santo Amaro,Recife-PE. Fone:(81) 3413-1300.

Departamento de Imunologia, Centro de Pesquisas Aggeu Magalhaes, FIOCRUZ, Av. Moraes Rego, s/n, Cidade
Universitéria, Cx. Postal 7472, CEP: 50670-420, Recife — PE, Brasil. Tel.: (081) 2101 2500; Fax: (081) 2101
2640; http://www.cpgam.fiocruz.br.
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APENDICE C - FICHA DE CADASTRO DE PACIENTE

Departamento de Imunologia do Centro de Pesquisas Aggeu Magalhdes/FIOCRUZ
Cadastro do paciente leishmaniotico: informacdes relevantes

Data: No.do registro:
Paciente: Data de nasc.:
Profissdo: Endereco:

Testes imunologicos:
Teste de Montenegro: | IFI: ELISA: Immunobloting:
mm

Caracteristicas das lesdes:
| Cutanea | Mucosa | Cuthneomucosa | Linfonodo regional |
Descricdo: Tempo de evolugdo, priméria ou recidivante, nimero, localizacdo e diamétro, tipo
ulcerada, vegetante, nodular,
outros:

Material biol6gico coletado

EXAME RESULTADO

1. Biopsia Amastigotas presentes?

Reacéo granulomatosa e linfoproliferativa?

2. Histopatologia

2. Pesquisa direta em esfregaco
a) Raspado:

b) Imprint de bidpsia:

3. Cultura (especificar meio de cultura) Cultivar até 30 dias e registrar dia positivacao
(5, 15, 30)
a) De biopsia:

b) De puncéo:

4. Tipagem (especificar tipo):
Isoenzimas:
Monoclonais:
Genotipagem:

5.0utros:
Reacdo em cadeia da polimerase (PCR)
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ANEXO A — Parecer do Comité de Etica em Pesquisas com Seres Humanos do Centro de
Pesquisas Aggeu Magalhdes

CEP

Cg::lisifﬂ%{fl'o do Projeto: ValidacZo do método Swab para o diagndstico da leishmaiose
tegumentar americana em pacientes de area endémica de Pernambuco. Brasil.
Pesquisader responsédvel: Eduardo Henrique Gomes Rodrigues
InstituigEo onde serd realizado o projeto: Centro de Pesquisas Aggeu Magalhies
Fundagio Oswaldo Cruz (CPqAM/FIOCRUZ)

Data de apresentacdo ao CEP: 20/05/2008
Registro no CEP/CPgAM/FIOCRUZ: 41/08
Registro no CAAE: : 0040.0.095.000-08

PARECER N 38/2008

Apds apreciagfo e aprovagdo do relatdrio parcial emitido pelo pesquisador
responsavel onde o mesmo solicita a extensfo do praze da pesquisa com
justificativa bem fundamentada, o Comité avaliou que o projeto em questdo estd
condizente com a conduta ética gque deve nortear pesquisas envolvendo seres
humanos, de acordo com o Codigo de Etica, Resolucdo CNS 196/96, ¢
complemertares.

O projeto esta aprovado para ser realizado de acordo com o protocolo de
pesquisa que foi apresentado ao CEP e este parecer tem a validade até 22 de
julho de 2014, Em caso de necessidade de renovagdo do Parecer, encaminhar
relatério e atualizagfio do projeto.

Recife, 22 de julho de 2011
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ANEXO B: COMPROVACAO DE SUBMISSAO DO ARTIGO 3

Dear Dr. Maria Edileuza Felinto de Brito,
You have been listed as a Co-Author of the following submission:

Journal: Experimental Parasitology

Title: Sample collection by cotton swab, a safe non-invasive procedure for
American cutaneous leishmaniasis diagnosis Corresponding Author: Eduardo
Rodrigues

Co-Authors: Ana Isabele Freitas de Araujo, MSc; Maria Edileuza Felinto de
Brito, MSc; Juliana Bezerra Medeiros Viana, BSc; Joanna Lucia de Almeida
Alexandre, BSc; Roberto Pereira Werkhiduser, MSc; Ericka Lima de Almeida, BSc;
Angela Cristina Rapela Medeiros, Ph.D.; Alzira Maria Paiva de Almeida, Ph.D.;
Sinval Pinto Brandao Filho, Ph.D.;

We would like to invite you to link your ORCID to this submission. If the
submission is accepted, then your ORCID will be transferred to ScienceDirect and
CrossRef and will be updated on your ORCID account.

To go to a dedicated page in EES where you can link an existing ORCID, or sign-up
for an ORCID, please click the following link:
http://ees.elsevier.com/ep/l.asp?i=45711&1=KVCZ35D6

Please note: If you did not co-author this submission, please do not follow the
above link but instead contact the Corresponding Author of this submission at
eduardohrodrigues@gmail.com;eduardoh@cpgam.fiocruz.br.

What is ORCID?

"ORCID is an open, non-profit, community-based effort to create and maintain a
registry of unique researcher identifiers and a transparent method of linking
research activities and outputs to these identifiers."

http://www.ORCID.org

More information on ORCID can be found on the ORCID website,
http://www.ORCID.org, or on our ORCID help page:
http://help.elsevier.com/app/answers/detail/a id/2210/p/7923
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on Elsevier publications and much more. Please click here for more infermation on our author servicas .

Please see our Guide for Authors for information on article submission. If you reguire any further
information or help, please visit our support pages: http://support.elseviarcom

AUDIENCE

Parasitologists, microbiclogists, molecular biologists and biochemists working with parasites as a
model

ABSTRACTING AND INDEXING

Abstracts in Hygiene and Communicable Diseases
BIOSIS

Elsavier BIOBASE

Chemical Abstracts

Current Contents/Life Sciences
MEDLINE®

EMBASE

Helmintholagical Abstracts
Pascal et Francis (INST-CNRS)
Protozoological Abstracts
Reference Updats

Tropical Dissases Bulletin
Scopus
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GUIDE FOR AUTHORS

Your Papar Your Way
vpyw-gfa-bannergifyour paper your way

INTRODUCTION

Experimental Parasitology emphasizes modern approaches to parasitology, including molecular
biology and immunclegy. The journal faatures original research papers on the physiclogical, metabolic,
immunoloagic, biochemical, nutritional, and chemotherapeutic aspects of parasites and host-parasite
relationships.

Authors of studies on anti-microbial properties of natural substances are strongly encouraged to
submit their work to other, more appropriate journals unless the studies have a strong focus on anti—
parasitic activity and address the following points: the chemical characterization of the compounds
likely implicated to a reasonable degree controls for the effects of vehicles and salvents if an animal
madel is not investigated or not available, in vitro activity studies that include at least comparative
cytotoxicity data using host cells or tissues to show selective anti-parasitic activity at a level that
could indicate a realistic prospect for translation. some investigation into the potential mode of action
or effects on likely maolecular targets in parasites

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http: S fwww. elseviencomy/ publishingethics and http://www.elseviercom/journal-authors/ ethics.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or ather relationships with other people or arganizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work, See
also http://www.elseviencom/conflictsofinterast, Further information and an example of a Conflict of
Interest form can be found at: http://help.elsevierncom/app/answers/detail/a_id/285/p/7223.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see hitp:/fwww.elsaviencom/postingpolicy), that it is not under consideration for publication
elsewhers, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published slsawhare
including electronically in the same form, in English or in any other language, without the written
consent of the copyright-holder

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Reguests to add or remove an author
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearrangad and (b) written confirmation {(e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In tha case of addition or remowval of authaors,
this includes confirmation fream the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described abowe. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspanded until authorship has been agread.

After the acceptad manuscript is published in an online issus: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted abowve
and result in a corrigendum.

This journal offers authors a choice in publishing their research: Open Access and Subscription.
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For Subscription articles

Upon acceptance of an article, authors will be asked to complete a Journal Publishing Agreement” (for
more information on this and copyright, see http://www.elseviencom/copyright). An e-mail will be
sent to the corresponding author confirming receipt of the manuscript together with a "Journal
Publishing Agreement’ form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for intemnal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
{please consult http://vwww.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author{s)] must obtain written permission frem the copyright owners and credit the
sourca(s) in the article, Elsevier has preprintad forms for use by authors in these cases: please consult
http:/fvwww.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an "Exclusive License
Agreement’ (for more information see hitp://www.elseviencom/OAauthoragreement). Permitted
reuse of open access articles iz determined by the author's choice of user license (see
http:/fvwww.elsevier.com/openaccasslicenses).

Retained author rights

Az an author you (or your employar or institution) retain certain rights. For more information on
author rights for:

Subscription articles please see
http:/ fvwww.elseviern.com/fjournal-authors/author-rights-and-responsibil ities.

Open access articles please see http://www.elseviern.com/OAauthoragreement.

Role of the funding source

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

submit the article for publication. If the funding source({s} had no such involvement then this should
ba stated.

Funding body agreements and policies
Elzseviar has established agreesments and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requiremeants as specified

as conditions of their grant awards. To learn more about existing agreements and policies please visit
http:/ fvwww.elseviencom/ffundingbodies.

.........

This journal offers authors a choice in publishing their research:

Open Access

» Articlas are freely available to both subscribers and the wider public with permitted rause

# An Open Access publication fee is payable by authors or their research funder

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http:/ vwww.elsevier.com/access)

# Mo Open Access publication fes

&ll articles published Opean Access will be immediately and permanently free for everyons to read
and download. Permitted reuss is defined by yvour choice of one of the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create
extracts, abstracts, and other revised versions, adaptations or derivative works of or from an article
{such as a translation], to include in a collective work {such as an anthology), to text or data mine
the article, even for commercial purposes, as long as they credit the author{s), do not represant the
author as endorsing their adaptation of the article, and do not modify the article in such a way as
to damage the author's honor or reputation.

AUTHOR INFORMATION PACK 23 Mar 2014 wiviw. elseviencom/locate/yexpr 4
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Creative Commons Attribution-NonCommercial-Sharelike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create axtracts, abstracts and
other revised versions, adaptations or derivative works of or from an artide {such as a translation),
to include in a collective work (such as an anthology). to text and data mina the article, as long as
they credit the autheor{s), do not represent the author as endorsing their adaptation of the article, do
not maodify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work
{such a=s an antholegy), as long as they credit the author(s) and provided they do not alter or modify
the articla,

To provide Open Access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published Open Access.

Your publication choice will have no effect on the peer review process or acceptance of submitted
articles.

The publication fee for this journal is $2200, excluding taxes. Learn more about Elsevier's pricing
policy: http://www.alseviercom/openaccesspricing.

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform o correct scientific
English may wish to use the English Language Editing service awvailable from Elsevier's
WebShop (http://webshop.elsavier.com/languageediting/) or wvisit our customer support site
{http://support.elseviercom) for more information.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is usad in the peer-review process. Pleass note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and reguests for revision, takes place by e-mail removing the need for a paper trail.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
iz usad in the paer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be usad in the referesing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough gquality
figures for referesing. If you prefer to do so, you may still provide zall or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

There are no strict reguiremants on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(z), journal title/book
title, chaptar title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlightad
at proof stage for the author to correct.

There are no strict formiatting requirements but all manuscripts must contain the essential elements
nesded to convey your manuscript, for axample Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplamentary material, this should be included in
yvour initial submission for peer review purposes.
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Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article, Keep the layout of the text as simple as possible. Mast formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared in
a way very similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http: /fveww.elsevier.com/guidepublication). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the "spell-check' and 'grammar-check'
functions of your word processor,

Subdivision - numbered sactions

Divide your article into clearly defined and numbered sections. Subsections should be numberad
1.1 (then 1.1.1, 1.1.2, ...}, 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-refarencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant medifications should be described.

Experimental
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant medifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theorstical basis.

Reasults
Results should be dear and concise,

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of publishad
literature.

Conclusions

The main cenclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section,

Appandices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and eguations in
appendices should be given separate numbering: Eq. (A.1), Eg. (A.2), etc.; in a subsequant appendix,
Eg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Vitae - no photos
Include in the manuscript a short (maximum 100 words) biography of each author, along with a
passport-type photograph accompanying the other figures.

# Title. Concise and informative. Titles are often used in information-retrieval systems. Awvoid
abbreviations and formulae wheare possible.
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+ Author names and affiliations. Where the family name may be ambiguous (2.g., 2 double names},
pleass indicate this clearly. Present the authors’ affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immeadiately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author

* Corresponding author. Clearly indicate who will handle correspondance at all stages of referesing
and publication, also post-publication. Ensure that phone numbers [(with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a "Present address' (or 'Permanent address') may be indicated as
a footnote to that author's mame. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be aveoided, but if
essential, then cite the author{s) and year(s). Also, nen-standard or uncommaon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

A Graphical abstract is mandatory for this journal. It should summariza the contents of the article in
a concise, pictorial form designed to capture the attention of 2 wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with a minimum of 331 = 1328 pixels (h * w} or proportionally more. The image should be readable
at a size of 5§ ® 13 cm using a regular screen resclution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration Service.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points {maximum 285
characters, including spaces, per bullet point). See http://www.elseviencom/highlights for examples.

Immediately after the abstract, provide a maximum of & keywords, using American spelling and
avoiding general and plural terms and multiple concepts {aveoid, for example, 'and’, 'of'}. Ba sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbraviations that are unaveidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

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

Elsevier encourages authors to connect articles with external databases, giving their readers one-
click access to relevant databases that help to build a better understanding of the described research.
Please refer to relevant database identifiers using the following format in your article: Database: xxxx
{e.g. TAIR: AT1G01020; CCDHC: 734053; PDB: 1XFN). See http://www.elseviencom/databaselinking
for more information and a full list of supported databases.

AUTHOR INFORMATION PACK 23 Mar 2014 www.elsevierncom/locate/vexpr 7
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Present simple formulae in the line of normal text where possible and use the sclidus (/) instead of
a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in
italics. Powers of & are often more conveniently denotad by exp. Number consecutively any equations
that have to be displayed separately from the text (if referred to explicitly in the text).

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

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhancad, ocbscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not abscure or eliminate any information
present in the original. Monlinear adjustments (2.9. changes to gamma settings) must be disclosed
in the figure legend.

Elactronic artwork

General points

* Make surs you use uniferm lettering and sizing of your original artwork.

* Preferred fonts: Arial {or Helvetica), Times New Roman (or Times), Symbal, Courier

* Number the illustrations according to their sequence in the text.

# Use a logical naming convention for your artwork files.

# Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only. vou may still provide figures and their captions, and tables within a
single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available on our website:

http: /v, elseviencomyfartwarkinstructions.

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

Regardless of the application used, when your electronic artwaork is finalized, pleass 'save as’ or
convert the images to one of the following formats (note the resclution requirements for line drawings,
halftenes, and line/halftone combinations given balow):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF {or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF {or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF {or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 300 dpi
is reguired.

Please do not:

+ Supply files that are optimized for screen use (e.g.. GIF, BMP, PICT, WPG); the resolution is too low.
+ Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF {or JPEG). EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable calor figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not thesa illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Plzase
indicate your preference for color: in print or on the Web only. For further information on the
preparation of elactronic artwork, please see http://www.glsevier.com/artworkinstructions.
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Please note: Bacause of technical complications which can arise by converting color figures to "gray
scale' (for the printed version should you not opt for color in print) pleass submit in addition usable
black and white wersions of all the color illustrations.

Elsevier's WebShop (http://webshop.elsevierncom/illustrationservices) offers Illustration Services
to authors preparing to submit a manuscript but concerned about the quality of the images
accompanying their article. Elsevier's expert illustrators can produce scientific, technical and medical-
style images, as well as a full range of charts, tables and graphs. Image "polishing’ is also available,
where our illustrators take your image(s) and improve them to a professional standard. Plzase visit
the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprizse a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbraviations used.

Mumber tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate tham with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described slsewhare in the article.

Citation in text

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

Raferance links

Increased discoverability of research and high guality peer review are ensurad by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
001 is encouraged.

Weab referances

Az a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known {DOI, author names, dates, reference to a source publication, stc.).
should also be given. Web references can be listed separately (2.g.. after the refarence list) under a
different heading if desired, or can be included in the reference list.

References in a special issus
Pleasa enzure that the words "this issus’ are addad to any refarences in the list (and any citations in
the text) to other articles in the same Special Issue.

Referance formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s], journal title/book
title, chapter titlafarticle title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will ba highlightad
at proof stage for the author to correct. If you do wish to format the references yoursalf they should
be arranged according to the following examples:

Referance styls

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two aguthors: both authors" names and the year of publication;

AUTHOR INFORMATION PACK 232 Mar 2014 vivew, elseviencom/locate/yexpr 9
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3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1359; Allan and Jones, 1999}, Kramer et al.
(2010} have recantly shown ...."

List: References should be arranged first alphabeatically and then further scrted chronclogically if
necessary. More than one reference from the same author{s) in the same year must be identified by
the letters 'a’, 'b', 'c’, etc., placed after tha year of publication.

Examplas:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J)., Lupton, R.A., 2010. The art of writing a scientific article. 1. Sci.
Commun. 163, 531-59.

Refarence to a book:

Strunk I, W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009, How to prepare an electronic version of your article, in: Jones, B.5.,
Smith , R.Z. (Eds.}. Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal abbraviations source
Journal mames should be abbreviated according to the List of Title Word Abbreviations:
http: /M vww.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strengly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In arder to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a prefarred maximum
size of 30 MB. Video and animation files supplied will be publishaed online in the electronic wersion
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Pleasa supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will perscnalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http: fvoww. elsevierncom/fartworkinstructions. Mote: since video and animation cannot be embeddad
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

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

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resclution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alengside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that yvour submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please wisit our artwork instruction pages at
http: /M viww. elsevien.comfartworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:
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One author has been designated as the corresponding author with contact details:

# E-mail address

# Full postal address

+ Telephons

&ll nacessary files have been uploaded, and contain:

* Keywords

* All figure captions

# All tables (including title, description, footnotes)

Further considerations

+ Manuscript has been "spell-checked' and "grammar-checked'

# All referances mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Web)
# Color figures ara clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
+ If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http: //support.elseviar.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Thersfore, it is an ideal
medium for citing a document, particulardy "Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physleth.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Corresponding authors will receive an a-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition te
editing text, you can alse comment on figuresftables and answer guestions from the Copy Editor
Web-basad proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential intraduction of errars.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
far proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF

We will do everything possible to get your article published guickly and accurately - please upload
all of your corrections within 48 hours. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier may
proceed with the publication of your article if no response is received.

The corresponding authorn at no cost, will be provided with a PDF file of the articde wvia e-
mail {the PDF fila is a watermarked wersion of the published article and includes a cover shest
with the journal cover image and a disclaimer outlining the terms and conditions of use). For
an extra charge, paper offprints can be ordered via the offprint order form which is sent once
the article is accepted for publication. Both corresponding and co-authors may order offprints
at any time wia Elsevier's WebShop (http:/fwebshop.elseviencom/myarticlessrvices/offprints).
Authors reguiring printed copies of multiple articles may use Elsevier WeabShop's
'Create  Your Own Book' service to collate multiple articleas  within a  single cowver
(http://webshop.elseviercom/myarticleservices/ offprints/myarticlesservices/booklets).

AUTHOR INQUIRIES

For inguiries relating to the submission of articles (including electronic submission) please wisit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please wisit http://vwww. elseviencom/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by the publisher
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You can track accepted articles at hittp://www.elseviencom/trackartide. You can also check

our Author FAQs at http://www.elseviencom/authorFAQ and/or contack Customer Support via
http://support.elseviern.com.

& Copyright 2012 Elsevier | hitp:/fwww.elseviencom
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ANEXO D: NORMAS PARA SUBMISSAO NA REVISTA PloS ONE

Plos Neglected Tropical - Author Infomation

Preparation of Research Articles

PLOS Neglected Tropical Diseases publishes original research articles of importance to the NTDs community and
the wider health community. We will consider manuscripts of any length; we encourage the submission of both
substantial full-length bodies of work and shorter manuscripts that report novel findings that might be based on a
more limited range of experiments.

The writing style should be concise and accessible, avoiding jargon so that the paper is understandable for readers
outside a specialty or those whose first language is not English. Editors will make suggestions for how to achieve
this, as well as suggestions for cuts or additions that could be made to the article to strengthen the argument. Our
aim is to make the editorial process rigorous and consistent, but not intrusive or overbearing. Authors are
encouraged to use their own voice and to decide how best to present their ideas, results, and conclusions. Although
we encourage submissions from around the globe, we require that manuscripts be submitted in English. Authors
who do not use English as a first language may contact us for additional information. As a step towards overcoming
language barriers on acceptance of the paper, we encourage authors fluent in other languages to provide copies of
their full articles or abstracts in other languages. We will publish these translations as supporting information and
list them, together with other supporting information files, at the end of the article text.

Cover Letter

Please include a cover letter explaining why this manuscript is suitable for publication in PLOS Neglected Tropical
Diseases. Why will your research paper inspire the NTDs community, and how will it drive the understanding of
NTD pathobiology, epidemiology, prevention, treatment, control, or policy?

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

Electronic Formats

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

Manuscript and Table Files

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

Math Equations and DOCX

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

If you have not yet composed your article, you can ensure that the equations in your DOCX file remain editable in
DOC by enabling “Compatibility Mode” before you begin. To do this, open a new document and save as Word 97-
2003 (*.doc). Several features of Word 2007/10 will now be inactive, including the built-in equation editing tool.
You can insert equations in one of the two ways listed below.


http://www.plosntds.org/static/scope
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#presubmission
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#presubmission
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If you have already composed your article as DOCX and used its built-in equation editing tool, your equations will
become images when the file is saved down to DOC. To resolve this problem, re-key your equations in one of the
two following ways.

1. Use MathType to create the equation. MathType is the recommended method for creating equations.

2. Go to Insert > Object > Microsoft Equation 3.0 and create the equation.
If, when saving your final document, you see a message saying “Equations will be converted to images,” your
equations are no longer editable and PLOS will not be able to accept your file.

LaTeX

Acrticles prepared in LaTeX may be submitted in PDF format for use during the review process. After acceptance,
however, .tex files and formatting information will be required as a zipped file. Please consult our LaTeX
Guidelines for a list of what will be required.

Tables

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

Figure Files

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

If you are uploading your files in EPS format, please use the "create outlines" option under the type menu in
Illustrator so that all text and fonts appear as intended in print. If you need additional help with figure preparation,
please contact figures [at] plos.org.

Authors are encouraged to provide a striking image to accompany their article, if one is available. This image may
be chosen to highlight the article on our journal Web site.

PLOS does not accept vector EPS figures generated using LaTeX. We only accept LaTeX generated figures in TIFF
format. Export your LaTeX files as PDFs, and then open them in GIMP or Photoshop and save as TIFF. In general,
Figures must be generated in a standalone graphics application such as Adobe Illustrator, InkScape, PyMol, MatLab,
SAS, etc. Please see our Figure Guidelines for more information.

PLOS applies the Creative Commons Attribution (CC BY) license to all figures we publish, which allows them to
be freely used, distributed, and built upon as long as proper attribution is given. Please do not submit any figures
that have been previously copyrighted unless you have express written permission from the copyright holder to
publish under the CC BY license.

Financial Disclosure

This section should describe sources of funding that have supported the work. Please include relevant grant numbers
and the URL of any funder's Web site. Please also include this sentence: "The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript." If this statement is not correct,
you must describe the role of any sponsors or funders, and amend the aforementioned sentence as needed.


http://www.plosntds.org/static/latexGuidelines
http://www.plosntds.org/static/latexGuidelines
http://www.plosntds.org/static/figureGuidelines
http://www.plosntds.org/static/figureGuidelines
http://www.plosntds.org/static/figureGuidelines
http://www.plosntds.org/static/license
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Competing Interests

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

Reviewers are also asked to declare any interests that might interfere with their objective assessment of a
manuscript. Any relevant competing interests of authors must be available to editors and reviewers during the
review process and will be stated in published articles. Read more about PLOS's Competing Interests Policy.

Abbreviations

Please keep abbreviations to a minimum and define them upon first use in the text. Non-standard abbreviations
should not be used unless they appear at least three times in the text.

Nomenclature

The use of standardized nomenclature in all fields of science and medicine is an essential step toward the integration
and linking of scientific information reported in published literature. We will enforce the use of correct and
established nomenclature wherever possible:

e We strongly encourage the use of SI units. If you do not use these exclusively, please provide the Sl value in
parentheses after each value.

e Species names should be italicized (e.g., Homo sapiens) and the full genus and species must be written out in
full, both in the title of the manuscript and at the first mention of an organism in a paper; after that, the first letter of
the genus name, followed by the full species name may be used.

e Genes, mutations, genotypes, and alleles should be indicated in italics. Use the recommended name by
consulting the appropriate genetic nomenclature database, e.g., HUGO for human genes. It is sometimes advisable
to indicate the synonyms for the gene the first time it appears in the text. Gene prefixes such as those used for
oncogenes or cellular localization should be shown in roman: v-fes, c-MYC, etc.

e The Recommended International Non-Proprietary Name (rINN) of drugs should be provided.

Accession Numbers

All appropriate datasets, images, and information should be deposited in public resources. Please provide the
relevant accession numbers (and version numbers, if appropriate). Accession numbers should be provided in
parentheses after the entity on first use. Suggested databases include, but are not limited to:

e ArrayExpress

e BioModels Database

e Database of Interacting Proteins

e DNA Data Bank of Japan [DDBJ]

e DRYAD

e EMBL Nucleotide Sequence Database
e GenBank


http://www.plosntds.org/static/competing
http://www.bipm.org/en/si/
http://www.genenames.org/index.html
http://www.ebi.ac.uk/arrayexpress/
http://www.ebi.ac.uk/biomodels/
http://dip.doe-mbi.ucla.edu/
http://www.ddbj.nig.ac.jp/
http://datadryad.org/
http://www.ebi.ac.uk/embl/
http://www.ncbi.nlm.nih.gov/Genbank/
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e  Gene Expression Omnibus [GEQ]
e Protein Data Bank
e  UniProtKB/Swiss-Prot

e ClinicalTrials.gov
In addition, as much as possible, please provide accession numbers or identifiers for all entities such as genes,
proteins, mutants, diseases, etc., for which there is an entry in a public database, for example:

e Ensembl

e Entrez Gene

e FlyBase

e InterPro

e Mouse Genome Database (MGD)

e  Online Mendelian Inheritance in Man (OMIM)

e PubChem
Providing accession numbers allows linking to and from established databases and integrates your article with a
broader collection of scientific information.

Organization of the Manuscript

Most articles published in PLOS Neglected Tropical Diseasesare organized into the following
sections: Title, Authors and Affiliations, Abstract, Author
Summary, Introduction, Methods, Results, Discussion, Acknowledgments, References, Figure Legends, and Tables.
Uniformity in format facilitates the experience of readers and users of the journal. To provide flexibility, however,
the Results and Discussion can be combined into one Results/Discussion section. All manuscripts must contain line
numbers. Although we have no firm length restrictions for the entire manuscript, we urge authors to present and
discuss their findings concisely.

Title (150 characters)

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

Examples:

e Climate Change and Spread of Lymphatic Filariasis in Sub-Saharan Africa

e A Cluster-Randomized Controlled Trial of a Nurse-Led Deworming Program for Soil-Transmitted Helminths
Please also provide a brief Short Title of no more than 50 characters (including spaces).

Authors and Affiliations

Provide the first names or initials (if used), middle names or initials (if used), surnames, and affiliations—
department, university or organization, city, state/province (if applicable), and country—for all authors. One of the
authors should be designated as the corresponding author. It is the corresponding author's responsibility to ensure
that the author list, and the summary of the author contributions to the study are accurate and complete. If the article


http://www.ncbi.nlm.nih.gov/geo/
http://www.rcsb.org/pdb/
http://www.ebi.ac.uk/swissprot/
http://clinicaltrials.gov/
http://www.ensembl.org/index.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene
http://flybase.bio.indiana.edu/
http://www.ebi.ac.uk/interpro/
http://www.informatics.jax.org/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM
http://pubchem.ncbi.nlm.nih.gov/deposit/deposit_help.html
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#Title
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#AuthorsandAffiliations
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#Abstract
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#AuthorSummary
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#AuthorSummary
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#Introduction
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#Methods
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#Results
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#Discussion
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#Acknowledgments
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#References
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#FigureLegends
http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#Tables
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has been submitted on behalf of a consortium, all consortium members and affiliations should be listed after the
Acknowledgments.

(For authorship criteria, see Supporting Information and Materials Required at Submission)

Abstract

The abstract succinctly introduces the paper. We advise that it should not exceed 250 — 300 words. It should
mention the techniques used without going into methodological detail and summarize the most important results
with important numerical results given. The abstract is conceptually divided into the following three sections with
these headings: Background, Methodology/Principal Findings, and Conclusions/Significance. Please do not include
any citations in the abstract. Avoid specialist abbreviations.

Author Summary

We ask that all authors of research articles include a 150- to 200-word non-technical summary of the work,
immediately following the Abstract. Subject to editorial review and author revision, this short text is published with
all research articles as a highlighted text box.

Distinct from the scientific abstract, the author summary should highlight where the work fits in a broader context of
life science knowledge and why these findings are important to an audience that includes both scientists and non-
scientists. Ideally aimed to a level of understanding of an undergraduate student, the significance of the work should
be presented simply, objectively, and without exaggeration.

Authors should avoid the use of acronyms and complex scientific terms and write the author summary using the
first-person voice. Authors may benefit from consulting with a science writer or press officer to ensure that they
effectively communicate their findings to a general audience.

Examples are available at:

Pseudogenization of a Sweet-Receptor Gene Accounts for Cats' Indifference toward Sugar

A Hybrid Photoreceptor Expressing Both Rod and Cone Genes in a Mouse Model of Enhanced S-Cone Syndrome
Life in Hot Carbon Monoxide: The Complete Genome Sequence of Carboxydothermus hydrogenoformans Z-2901

Introduction

The introduction should discuss the purpose of the study in the broader context. As you compose the introduction,
think of readers who are not experts in this field. Include a brief review of the key literature. If there are relevant
controversies or disagreements in the field, they should be mentioned so that a non-expert reader can delve into
these issues further. The introduction should conclude with a brief statement of the overall aim of the experiments
and a comment about whether that aim was achieved.

Methods

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

This section should also include a section with descriptions of any statistical methods employed. These should
conform to the criteria outlined by the Uniform Requirements, as follows: "Describe statistical methods with enough
detail to enable a knowledgeable reader with access to the original data to verify the reported results. When possible,


http://www.plosntds.org/static/guidelines;jsessionid=E42673DBAD227CF463E064758D6776E3#supporting
http://www.plosgenetics.org/perlserv/?request=get-document&doi=10.1371/journal.pgen.0010003#toclink1
http://www.plosgenetics.org/perlserv/?request=get-document&doi=10.1371/journal.pgen.0010011#toclink1
http://www.plosgenetics.org/perlserv/?request=get-document&doi=10.1371/journal.pgen.0010065#toclink1
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quantify findings and present them with appropriate indicators of measurement error or uncertainty (such as
confidence intervals). Avoid relying solely on statistical hypothesis testing, such as the use of P values, which fails
to convey important quantitative information. Discuss the eligibility of research participants. Give details about
randomization. Describe the methods for and success of any blinding of observations. Report complications of
treatment. Give numbers of observations. Report losses to observation (such as dropouts from a clinical trial).
References for the design of the study and statistical methods should be to standard works when possible (with
pages stated) rather than to papers in which the designs or methods were originally reported. Specify any general-
use computer programs used."

Results

The results section should include all relevant positive and negative findings. The section may be divided into
subsections, each with a concise subheading. Large datasets, including raw data, should be submitted as supporting
files; these are published online alongside the accepted article. The results section should be written in past tense.

As outlined in the Uniform requirements, authors that present statistical data in the Results section, should
"...specify the statistical methods used to analyze them. Restrict tables and figures to those needed to explain the
argument of the paper and to assess its support. Use graphs as an alternative to tables with many entries; do not
duplicate data in graphs and tables. Avoid nontechnical uses of technical terms in statistics, such as "random"
(which implies a randomizing device), "normal," "significant,” "correlations,” and "sample." Define statistical terms,
abbreviations, and most symbols."

Discussion

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

Acknowledgments

People who contributed to the work, but do not fit the criteria for authors should be listed in the Acknowledgments,
along with their contributions. You must also ensure that anyone named in the acknowledgments agrees to being so
named.

Details of the funding sources that have supported the work should be confined to the funding statement provided in
the online submission system. Do not include them in the acknowledgments.

References

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

Style information:

e PLOS uses the numbered citation (citation-sequence) method and first five authors, et al.

e References are listed and numbered in the order that they appear in the text.

e Inthe text, citations should be indicated by the reference number in brackets.

e The parts of the manuscript should be in the correct order before ordering the citations: body, boxes, figure

captions, tables, and supporting information captions.
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e Abstracts and author summaries may not contain citations.
e Journal name abbreviations should be those found in the NCBI

databases: http://www.ncbi.nlm.nih.gov/nImcatalog/journals.

Because all references will be linked electronically as much as possible to the papers they cite, proper formatting of
the references is crucial. For convenience, a number of reference software companies supply PLOS style files
(e.g., Reference Manager, EndNote).

Published Papers

1. Hou WR, Hou YL, Wu GF, Song Y, Su XL, et al. (2011) cDNA, genomic sequence cloning and
overexpression of ribosomal protein gene L9 (rpL9) of the giant panda (Ailuropoda melanoleuca). Genet
Mol Res 10: 1576-1588.

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

Accepted, unpublished papers

Same as above, but “In press” appears instead of the page numbers.

Electronic Journal Articles

1. Huynen MMTE, Martens P, Hilderlink HBM (2005) The health impacts of globalisation: a conceptual
framework. Global Health 1: 14. Available: http://www.globalizationandhealth.com/content/1/1/14. Accessed 25
January 2012.

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

Book Chapters

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

Figure Legends

The aim of the figure legend should be to describe the key messages of the figure, but the figure should also be
discussed in the text. An enlarged version of the figure and its full legend will often be viewed in a separate window
online, and it should be possible for a reader to understand the figure without switching back and forth between this
window and the relevant parts of the text. Each legend should have a concise title of no more than 15 words that can
stand alone, without the use of figure part labels. The overall legend itself should be succinct, while still explaining
all figure parts, symbols, and abbreviations. Avoid lengthy descriptions of methods.

Tables

All tables should have a concise title. Footnotes can be used to explain abbreviations. Citations should be indicated
using the same style as outlined above. Tables should not occupy more than one printed page; larger tables can be
published as online supporting information. Tables must be cell-based; do not use picture elements, text boxes, tabs,
or returns in tables. Please ensure that the files conform to our Guidelines for Figure and Table Preparation when
preparing your tables for production.


http://www.ncbi.nlm.nih.gov/nlmcatalog/journals
http://www.refman.com/rmhome.asp
http://www.endnote.com/
http://www.plosntds.org/static/figureGuidelines
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Tables should be placed at the end of the manuscript file, rather than uploaded separately into the submission
system.

Multimedia Files and Supporting Information

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

Supporting files should fall into one of the following categories: Dataset, Figure, Table, Text, Protocol, Audio, or
Video. All supporting information should be referred to in the manuscript with a leading capital S (e.g., Figure S4
for the fourth supporting information figure). The numbered title and caption for each supporting information file
should be included in the main article file, after the titles and captions for the main figures.

Supporting files may be submitted in a variety of formats, but should be publication-ready, as these files are not
copyedited. Carefully consider whether your supporting information needs to be searchable and/or editable, and
choose the most suitable format accordingly. See the Supporting Information Guidelines for more details about our
requirements for supporting information and multimedia files.


http://www.plosntds.org/static/supportingInformation

