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CRUZ, Jaqueline Silva. Avaliacéo dos titulos dos anticorpos anti-leptospira em uma comunidade
endémica da cidade de Salvador-BA: associa¢des com aspectos epidemiolégicos. 2021. 78 f. Tese
(Doutorado em Biotecnologia em Saude e Medicina Investigativa) — Instituto Gongalo Moniz,
Fundacéo Oswaldo Cruz, Salvador, 2021.

RESUMO

INTRODUGCAO: A leptospirose é uma zoonose de ocorréncia mundial causada por bactérias
do género Leptospira. A exposi¢cdo ao ambiente contaminado com leptospiras é frequente em
individuos de regiGes endémicas sendo agravado apos fortes periodos sazonais de chuvas. A
leptospirose apresenta manifestagfes clinicas que variam de uma infecg¢do assintomatica a
doenca grave. Atualmente, ha poucas informacdes sobre a resposta imune protetora adquirida
naturalmente contra infeccéo e reinfeccdo, o que dificulta o desenvolvimento de uma vacina
eficaz e duradora contra a leptospirose. OBJETIVO: Avaliar a resposta imune humoral apos
infeccdo e reinfeccdo natural por Leptospira em individuos de uma regido endémica para
leptospirose em Salvador, Bahia. MATERIAIS E METODOS: Foi realizado um estudo de
coorte com acompanhamento semestral na comunidade de Pau da Lima, Salvador-BA. Durante
as visitas de acompanhamento, foram coletados dados epidemiolégicos, sociodemograficos e
coleta de sangue para realizacdo do teste de microaglutinagdo (MAT) e avaliagOes
imunoldgicas. A equacdo de estimativa generalizada foi utilizada para avaliar a associacédo entre
precipitacdo e infeccdo por leptospiras. Um modelo matematico foi usado para avaliar a taxa
de decaimento de titulos de anticorpos em individuos com infec¢do subclinicas ou
assintomaticas. Além disso, realizamos o acompanhamento soroldgico trimestral em uma
subcoorte com 72 individuos para avaliara a cinética de anticorpos. RESULTADOS:
Observamos que diferente do que ocorre com 0s casos hospitalizados, o risco de infeccdo
por Leptospira teve uma associagdo inversa com a precipitacdo cumulativa. Na avaliacdo do
decaimento de titulos do MAT, observamos aumento da taxa média de infec¢do com intervalo
de seis meses. Sendo que houve um aumento ainda maior dessa taxa com intervalo de doze
meses quando comparados a taxa convencional que ndo leva em consideracao o decaimento de
titulo. Na subcoorte, identificamos que 65% dos individuos apresentavam anticorpos anti-
Leptospira. As reinfeccBes (n=25) foram mais frequentes quando se utilizou as avaliacdes
trimestrais como referéncia. Além disso, os fatores de risco idade e atividades de risco como
limpeza de esgoto estavam associadas a maior chance de adquirir infeccbes em ambas as
anélises com diferentes tempos de coletas. CONCLUSOES: O presente estudo demonstrou
que as infeccOes por Leptospira ocorrem durante todo ano devido a constante exposicéo desses
individuos ao ambiente contaminado, que a resposta humoral mediante anticorpos aglutinantes
é curta e protege parcialmente contra reinfeccéo.

Palavras-chave: Leptospirose. Imunidade humoral. Anticorpos.



CRUZ, Jaqueline Silva. Evaluation of anti-leptospira antibody titers in an endemic
community in the city of Salvador-BA: associations with epidemiological aspects. 2021. 78
f. Tese (Doutorado em Biotecnologia em Saude e Medicina Investigativa) — Instituto Gongalo
Moniz, Fundagdo Oswaldo Cruz, Salvador, 2021.

ABSTRACT

INTRODUCTION: Leptospirosis is a worldwide zoonosis caused by bacteria of the
Leptospira genus. Exposure to an environment contaminated with leptospires is frequent for
individuals from endemic regions, being aggravated after heavy seasonal periods of rain.
Leptospirosis has clinical manifestations that range from asymptomatic infection to severe
disease. Currently, there is little information on the naturally acquired protective immune
response against infection and reinfection, which makes the development of an effective and
long-lasting vaccine against leptospirosis difficult. OBJECTIVE: To evaluate the humoral
immune response after infection and natural reinfection by Leptospira in individuals from an
endemic region for leptospirosis in Salvador, Bahia. MATERIALS AND METHODS: A
cohort study was carried out with semiannual follow-up in the community of Pau da Lima,
Salvador-BA. During follow-up visits, epidemiological, sociodemographic and blood sampling
data were collected for the microagglutination test (MAT) and immunological assessments. The
generalized estimation equation was used to assess the association between precipitation and
leptospiral infection. A mathematical model was used to assess the rate of decay of antibody
titers in subjects with subclinical or asymptomatic infection. In addition, we performed
quarterly serological follow-up in a subcohort of 72 subjects to assess antibody Kinetics.
RESULTS: We observed that, unlike in hospitalized cases, the risk of Leptospira infection had
an inverse association with cumulative precipitation. In assessing the decay of MAT titers, we
observed an increase in the mean infection rate with an interval of six months. Since there was
an even greater increase in this rate with a twelve-month interval when compared to the
conventional rate that does not take into account the decay of security. In the subcohort, we
identified that 65% of the individuals had anti-Leptospira antibodies. Reinfections (n=25) were
more frequent when quarterly assessments were used as a reference. In addition, age risk factors
and risk activities such as sewage cleaning were associated with a greater chance of acquiring
infections in both analyzes with different collection times. CONCLUSIONS: The present
study demonstrated that Leptospira infections occur throughout the year due to the constant
exposure of these individuals to the contaminated environment, that the humoral response
through agglutinating antibodies is short and partially protects against reinfection.

Keywords: Leptospirosis. Humoral immunity. Antibodies.
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1 INTRODUCAO

A leptospirose € uma zoonose de ampla distribuicdo mundial causada por espiroquetas
patogénicas do género Leptospira, no qual encontram-se 17 espécies patogénicas e mais de 300
sorovares (FAINE et al., 1999; LEVETT et al., 2001; THIBEAUX et al., 2018; VINCENT et al.,
2019). Animais sinantrépicos, domésticos e selvagens servem como reservatorios para abrigar a
espiroqueta em seus tubulos renais e excretar em sua urina. A infec¢cdo em humanos ocorre apos
contato com agua ou solo contaminados e varia de casos assintométicos a uma doenca febril aguda
(BHARTI et al., 2003; LEVETT, 2001; MCBRIDE et al., 2005). A Organizacao Mundial de Saude
(OMS) estima que ha mais de um milhdo de casos humanos de leptospirose, com mais de 50.000
mortes a cada ano, a maioria dos quais ocorrem em paises em desenvolvimento (COSTA et al.,
2015) e paises de clima tropical e subtropical (HAGAN et al., 2016).

A ocorréncia de epidemias urbanas de leptospirose é impulsionada por fatores ambientais
como chuvas intensas, umidade, temperatura, crescimento populacional, urbanizacdo, falta de
saneamento basico e alta infestacdo de roedores (COSTA et al., 2015; KO; GOARANT;
PICARDEAU, 2009; LAU et al., 2010; SOO; KHAN; SIDDIQUI, 2020). Em regides tropicais e
areas de alta prevaléncia, as fortes chuvas sazonais constituem condicGes favoraveis para que a
Leptospira possa disseminar-se facilmente no ambiente através da agua (FAINE et al., 1999;
GANOZA et al.,, 2010; KO et al.,, 1999). O contato direto com &gua, solo ou vegetacao
contaminados com leptospiras tem sido amplamente documentados como fator de risco para a
doenca (SOO; KHAN; SIDDIQUI, 2020). Além disso, exposicdo a esgotos e lixo acumulado
também tem sido associado a transmissdo da doenca no ambiente peridomiciliar
(FELZEMBURGH et al., 2014; HAGAN et al., 2016; REIS et al., 2008).

A maioria das infeccbes causadas por Leptospira apresentam-se como formas
assintomaticas, discretas ou casos mal diagnosticados, devido a ampla gama de sintomas que
muitas vezes sao confundidos com outras doengas como gripe, dengue e hepatite, levando a erros
no diagnostico o que ndo representa com precisdo as taxas de incidéncia (CAUCHEMEZ et al.,
2012; HARTSKEERL; COLLARES-PEREIRA; ELLIS, 2011). A sorologia pareada deve ser
usada para identificar taxas de incidéncia precisas para essas infec¢fes subnotificadas, e orientar
as intervencdes de saude publica (ANDREWS; ITTYACHEN, 2018; WANGRANGSIMAKUL et

al., 2018). Os métodos convencionais de interpretagdo de resultados de amostras soroldgicas
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pareadas ndo levam em consideracdo o decaimento dos titulos de anticorpos e como resultado, as
taxas de infeccdo podem estar subestimadas, principalmente em estudos longitudinais onde ha o
potencial de reexposicdo destes individuos (CAUCHEMEZ et al., 2012; ZHAO et al., 2017).

A resposta imune humoral é o principal mecanismo de defesa contra a leptospirose e, é
mediada pela producdo de anticorpos circulantes direcionados contra o lipopolissacarideo e
limitada ao sorovar infectante (ADLER; DE LA PENA MOCTEZUMA, 2010). Individuos que
vivem em regifes onde a leptospirose é endémica estdo frequentemente sendo expostos a
Leptospira. Tem sido relatado a presenca de anticorpos anti-Leptospira em pacientes que se
recuperaram de doenca grave e em individuos sem historia prévia da doenca, provavelmente
resultante de infec¢do assintomatica (TUERO; VINETZ; KLIMPEL, 2010). No entanto, hd uma
escassez de informacdes sobre os individuos que desenvolvem uma imunidade protetora adquirida
naturalmente contra infec¢des ou doencas graves (TUERO; VINETZ; KLIMPEL, 2010).

E importante mencionar que até os dias atuais o papel da sazonalidade na transmissdo da
doenca assintomatica, o decaimento dos titulos de anticorpos e 0s mecanismos protetores
envolvidos na infeccdo humana por Leptospira permanecem pouco conhecidos até os dias atuais.
No presente estudo, avaliamos os titulos de anticorpos anti-Leptospira em moradores de uma
comunidade urbana e associamos a aspectos epidemioldgicos para obter informacdes relevantes
que possam contribuir para o0 melhor entendimento da imunidade adquirida naturalmente contra

leptospiras e para o desenvolvimento de vacinas mais eficazes.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Verificar se 0s niveis de anticorpos aglutinantes anti-Leptospira se correlacionam com 0s

aspectos socioepidemioldgicos.

2.2 OBJETIVO ESPECIFICOS

e Verificar se existe correlagdo entre a taxa de incidéncia de infeccdo por Leptospira e de
casos hospitalizados com sazonalidade;

e Auvaliar a taxa de decaimento de titulos de anticorpos anti-Leptospira em individuos de uma
comunidade endémica para leptospirose;

e Analisar se a cinética dos niveis de anticorpos aglutinantes apés infeccdo por Leptospira
spp. esta associada a fatores de risco e de exposicao.
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3 REVISAO DE LITERATURA

3.1 ETIOLOGIA E BIOLOGIA

As leptospiras séo espiroquetas pertencentes ao filo Spirochaetales, familia Leptospiraceae,
com cerca de 0,1 mm de didmetro por 6 a 20 mm de comprimento (JOHNSON & FAINE, 1984).
Possuem extremidades em forma de gancho e dois flagelos periplasmaticos, responsaveis pela
motilidade, compostos por proteinas FCpA, FcpB, FlaA e FlaB (PICARDEAU; BRENOT; SAINT
GIRONS, 2001; WUNDER et al., 2016b, 2018).

As leptospiras sdo bactérias aerdbias obrigatorias com temperatura de crescimento entre 28
e 30° C e pH entre 7,2 a 7,6. (FAINE et al., 1999). Para seu crescimento e isolamento, é utilizado
0 meio de cultura Ellinghausen-McCullough-Johnson-Harris (EMJH) que é composto por Tween
(&cido graxo, utilizados como fonte de carbono e metabolizados por -oxida¢do), vitamina B1 e
B12, sais de amdnio e, albumina sérica bovina (BSA), sendo o dltimo usado como agente
detoxificante (ADLER; DE LA PENA MOCTEZUMA, 2010; EVANGELISTA; COBURN, 2010;
FAINE et al., 1999). O género Leptospira é composto por espécies saprofiticas e patogénicas que
apresentam crescimento lento e fastidioso (PICARDEAU, 2017). O tempo de geracdo das
leptospiras varia de trés horas para espécies saproéfitas e de 8-18 horas para espécies patogénicas e
o0 crescimento em meio de cultura pode variar de dois a 30 dias (FAINE et al., 1999).

3.2 TAXONOMIA

Para classificacdo do género Leptospira, sdo utilizados métodos soroldgicos, com
identificacdo de determinantes antigénicos e moleculares, baseados em analises do genoma
(BRENNER et al., 1999).

A sorologia foi 0 método mais utilizado até o final da década de 80 (DIKKEN et al., 1979).
Mediante métodos sorologicos, as leptospiras foram classificadas em mais de 260 sorovares que
sdo agrupados em 24 sorogrupos. Esta classificacdo baseia-se na detecgdo de anticorpos
aglutinantes antigeno-especificos e pelo teste de aglutinacdo microscépica (MAT). S&o agrupados
no mesmo sorovar 0s isolados que apresentam reatividade cruzada com soro de animais

identificados com sorovares determinados. Esta variacdo antigénica € atribuida principalmente a
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estrutura do carboidrato do antigeno lipopolissacarideo (LPS) (ADLER; DE LA PENA
MOCTEZUMA, 2010; EVANGELISTA; COBURN, 2010).

Os métodos moleculares para identificacéo das leptospiras levam em consideracédo a analise

filogenética dos genes que codificam a subunidade 16S rRNA. Recentemente, utilizando a analise

filogenética, foi proposta uma nova classificagcdo de 64 espécies de leptospiras divididas em quatro

subclados: Espécies patogénicas (P1 e P2), e espécies saprofitas (S1 e S2), conforme descrito no
Quadro 1 (VINCENT et al., 2019).

Quadro 1 - Descricdo das espécies de Leptospira spp. de acordo com o subclado referente.

Subclados Espécies
L. interrogans, L. Kirschneri, L. borgpetersenii, L. santarosai, L. noguchi, L. weilii, L.
P1 alexanderi, L. alstonii, L. kmetyi, L. adleri, L. ellisii, L. mayotetensis, L. barantonii, L.
yasudae, L. stimsonii, L. gomenensis e L. tipperaryensis
L. inadai, L. broomii, L. fainei, L. wolffii, L. licerasiae, L. perolatii, L. neocaledonica,
- L. hartskeerlii, L. haakeii, L. saintgironsiae, L venezuelensis, L. dzoumogneensis, L.
fletcheri, L. fluminis, L. johnsonii, L. koniamboensis, L. langatensis, L. sarikeiensis,
L. selangorensis, L. semungkisensis e L. andrefontaineae
L. biflexa, L. wolbachii, L. meyeri, L. vanthielii, L. terpstrae, L. yanagawae, L.
s1 kemamanensis, L. brenneri, L. harrisiae, L. levettii, L. bandrabouensis, L. bourretii, L.
bouyouniensis, L. congkakensis, L. ellinghoausenii, L. jelokensis, L. kanakyensis, L.
montravelensis, L. mtsangambouensis, L. noumeaensis e L. perdikensis
S2 L. ilythenensis, L kobayashii, L. ognonensis, L. ryugenii e L. idonii

Fonte: Elaborado pela autora

3.3 TRANSMISSAO

A transmissao da Leptospira pode ocorrer de duas formas: direta ou indireta. A transmissao

direta, acontece quando fluidos corporais contendo Leptospira spp. passam diretamente de um
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hospedeiro infectado para um hospedeiro susceptivel (FAINE et al., 1999). J4 a transmissdo
indireta ocorre quando um hospedeiro susceptivel é infectado através de leptospiras disseminadas
no ambiente através da urina de um animal infectado. O homem é considerado um hospedeiro
acidental e terminal na cadeia de transmissdo, sendo infectado pelo contato direto com sangue,
0rgdos ou urina, ou contato indireto com &gua ou solo contaminados pela urina ou outros fluidos
dos animais portadores e reservatérios (KO, et al., 2009; MCBRIDE et al., 2005).

Um amplo espectro de animais sinantropicos, domésticos e selvagens servem como
reservatorio de focos de infeccdo. Ao se infectarem, esses animais reservatorios nao desenvolvem
a doenca e tornam-se portadores das leptospiras que colonizam os rins e sdo eliminadas vivas no
meio ambiente atraveés da urina, podendo sobreviver na &gua por varios meses (ANDRE-
FONTAINE; AVIAT; THORIN, 2015). No meio urbano, os principais reservatorios sdo 0s
roedores das espécies Rattus norvegicus (ratazana ou rato de esgoto), Rattus rattus (rato de telhado
ou rato preto) e Mus musculus (camundongo ou catita); outros reservatorios sao 0s suinos, bovinos,
equinos, ovinos e cdes (Figura 1). No Brasil, 0 R. norvegicus € o principal portador de cepas do
sorogrupo Icterohaemorrhagiae, considerado um dos sorogrupos mais patogénicos para 0 homem
(BRASIL, 2014).

Fatores como umidade, solo, dgua superficial e temperatura influenciam a sobrevivéncia
das leptospiras no meio ambiente e, consequentemente, influenciam a transmissao da leptospirose
(JOSHI; KIM; CHEONG, 2017; LAU et al., 2010; LEVETT, 2001). O solo, tem sido considerado
como reservatorio ambiental de transmissdo da leptospirose em regides endémicas
(CASANOVAS-MASSANA et al., 2018; SCHNEIDER et al., 2018; THIBEAUX et al., 2018).
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Figura 1 - Ciclo de transmissdo da leptospirose. Vérias espécies de animais domésticos e silvestres servem de
reservatdrios para a transmissdo da Leptospira e que sdo excretadas através de sua urina. A doenca é transmitida para
humanos através do contato direto com animais reservatorios ou pela exposi¢do a agua de superficie ambiental ou solo
contaminado com sua urina. Durante a fase leptospirémica, a infeccdo causa uma doenca febril aguda e que pode
progredir para manifestacGes graves da doenca como disfun¢do hepatica e ictericia, insuficiéncia renal aguda, sindrome
de hemorragia pulmonar, miocardite e meningoencefalite.

Fonte: (KO et al., 2009)

3.4 EPIDEMIOLOGIA

A leptospirose é a zoonose de maior distribuicdo geografica mundial. A maior incidéncia ocorre
em paises de clima tropical, especialmente em paises em desenvolvimento, na Asia, Oceania, India,
Caribe e América Latina. Nestas regides, mudancas climaticas, aglomeracdo populacional,
saneamento basico deficiente e grandes populacdes do hospedeiro sdo importantes fatores para o
desenvolvimento da infeccdo (EVANGELISTA; COBURN, 2010; HAGAN et al., 2016; PAPPAS
et al., 2008). Estima-se que anualmente ocorram mais de um milh&o de casos de leptospirose no
mundo com aproximadamente 59.000 mortes. A incidéncia nos tropicos é aproximadamente, 10
vezes maior do que em regides temperadas (COSTA et al., 2015).

No Brasil, a leptospirose é considerada um importante problema de satde publica, com uma
média de 3.926 casos confirmados por ano, uma incidéncia de 1,02/100 habitantes e uma taxa
média de letalidade de 8,9% (BRASIL, 2018). A doenca ocorre em todo o pais, principalmente nas
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areas urbanas vulnerdveis sem infraestrutura sanitaria adequada e com altas infestacGes de
roedores, onde sdo frequentes as inundac¢Oes durante as estagcbes chuvosas. As inundacGes
propiciam a disseminacdo e a sobrevivéncia de leptospiras no ambiente, favorecendo o contato do

homem com agua e solo contaminados e a ocorréncia de surtos (KO et al., 1999).

3.5 ASPECTOS CLINICOS

Na leptospirose, observa-se uma variedade de manifestacdes clinicas. A gravidade da
doenca depende de fatores como viruléncia da cepa ou sorovar de Leptospira envolvido na
infecgdo, bem como tamanho do indculo, idade, estado de salde e resposta imune do individuo
infectado (EVANGELISTA; COBURN, 2010).

A grande maioria das infeccbes por Leptospira apresenta um quadro autolimitado e
inespecifico. A fase aguda da doenca pode durar de quatro a sete dias, e quando ocorre a
leptospiremia, é caracterizada por febre, calafrios, cefaleia, mialgia e sufusdo hemorragica
conjuntival, podendo ser confundido com outras doencas febris tais como dengue, Zika,
Chikungunya, hepatite, influenza e hepatite (BHARTI et al., 2003; FAINE et al., 1999;
PATTERSON; SAMMON; GARG, 2016). A fase imune inicia-se com o aparecimento de
anticorpos aglutinantes da classe IgM e 1gG de 5 a 14 dias apds a exposicdo. As leptospiras sao
eliminadas da corrente sanguinea e dos 6rgaos a medida que aumentam os titulos dos anticorpos
aglutinantes séricos (Figura 2) (BHARTI et al., 2003; FAINE et al., 1999; KO; GOARANT;
PICARDEAU, 2009).

Entre 5-15% dos individuos infectados desenvolvem manifestacGes graves da doenca, como
a sindrome de Weil, caracterizada por ictericia, insuficiéncia hepatica e renal, hemorragia e colapso
cardiovascular, acarretando uma letalidade de 15% (BHARTI et al., 2003; EVANGELISTA,;
COBURN, 2010). Os casos mais graves da doenca desenvolvem a sindrome de hemorragia
pulmonar grave que se caracteriza pela lesdo pulmonar aguda e sangramento pulmonar macico. Em
tais circunstancias, a letalidade pode alcancar ate 70% (GOUVEIA et al., 2008; HELMERHORST
et al.,, 2012; KO; GOARANT; PICARDEAU, 2009). Nestes casos, pode ser necessario o
tratamento intensivo, incluindo hemodialise, transfusdes sanguineas e ventilagdo mecanica
(GOARANT, 2016; KO; GOARANT; PICARDEAU, 2009).
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Figura 2 - Cinética da infec¢do. A infeccéo vai produzir leptospiremia nos primeiros dias apds exposicao e
no terceiro dia de infecgdo, ocorre a migragdo das leptospiras para tecidos de maltiplos érgdos. Em humanos,
na fase inicial da doenca, desenvolve-se febre, mialgia e dor de cabeca. Os anticorpos aglutinantes aparecem
de 5 a 14 dias apds a exposicao e a medida que aumentam, as leptospiras sdo eliminadas da corrente sanguinea
e dos 6rgdos. Para a maioria dos individuos, a doenca se apresenta de forma leve, porém uma pequena fragdo
destes individuos, desenvolvem as manifestaces graves de fase tardia, com ictericia, insuficiéncia renal e
hemorragia pulmonar, de quatro a seis dias ap6s inicio da doenga.

Fonte: (KO, et al., 2009)

3.6 DIAGNOSTICO

A leptospirose tem uma apresentacdo clinica semelhante a outras doengas febris agudas, e
seu diagndstico é dependente de exames laboratoriais para confirmacdo da infeccdo. Atualmente,
os testes especificos mais utilizados para o diagnéstico da leptospirose incluem a cultura para o
isolamento de leptospiras, sorologia e ensaios moleculares (BHARTI et al., 2003).

A cultura para leptospirose consiste em isolar leptospiras diretamente do sangue, tecidos
e/ou fluidos de um individuo infectado. O momento ideal para atingir maior sensibilidade no
procedimento de isolamento é obter amostras até 7-10 dias de sintomas. Porém, como a Leptospira

spp. possui um crescimento fastidioso, € necessario que os tubos sejam examinados semanalmente
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por 13 semanas. Por esta razdo, sao grandes as chances de contaminag&o por outros microrganismos
e baixa sensibilidade (14,3-50%) (BROWN et al., 2003; TRUCCOLO et al., 2006). Além disso, a
coleta da amostra para inoculacdo em meio EMJH deve ser feita antes do inicio do tratamento com
antibiéticos (BHARTI et al., 2003; LEVETT et al., 2001; MUSSO; LA SCOLA, 2013).

O MAT, ¢ o método diagndstico “padrdo ouro” recomendado pela OMS, no qual se baseia
na reatividade dos anticorpos dos soros dos pacientes contra antigenos de superficie da Leptospira
(BHARTI et al., 2003), permitindo que seja identificado o sorogrupo infectante. Este teste ndo
discrimina se os anticorpos produzidos sdo decorrentes de uma infeccdo ou de uma vacinacao
(ADLER; DE LA PENA MOCTEZUMA, 2010; PICARDEAU, 2013), um problema maior no
caso de animais onde a vacinagdo € comum, ja que vacinas para humanos ndo estdo disponiveis
(KO; GOARANT; PICARDEAU, 2009). Este teste é considerado como de dificil padronizacéo e
interpretacdo, exigindo experiéncia do profissional. Possui baixa sensibilidade, variando de 30 a
48.7% no inicio da infeccdo e preferencialmente requer amostras pareadas (CUMBERLAND;
EVERARD; LEVETT, 1999; EUGENE et al., 2015; PICARDEAU et al., 2014). Por essa razéo o
Seu uso € muito mais pertinente em estudos epidemioldgicos do que o diagnéstico clinico.

O ELISA (do inglés Enzyme-Linked Immunosorbent Assay) que detecta IgM é um teste de
facil execucdo que detecta anticorpos mais precocemente que 0 MAT, a partir do sexto dia apds o
inicio dos sintomas (WHO, 2003). Este teste se baseia na deteccdo de anticorpos contra o extrato
total de leptospiras, normalmente da cepa saprofitica L. biflexa sorovar Patoc, que compartilha
varios antigenos de superficie com cepas patogénicas. Testes contendo o extrato celular de uma
cepa epidémica ou proteinas recombinantes também podem ser utilizados (LEVETT et al., 2001;
PICARDEAU, 2013). Diversos kits comerciais encontram-se disponiveis no mercado e a
sensibilidade e especificidade podem variar entre 31-76% e 66-98%, respectivamente (MUSSO;
LA SCOLA, 2013).

Atualmente, existe necessidade de testes rapidos para o diagndstico da leptospirose,
permitindo o inicio da intervencdo terapéutica imediatamente apds o atendimento ao individuo
infectado. O nosso grupo desenvolveu um teste rapido para leptospirose utilizando a metodologia
Dual Path Platform (DPP) com a sensibilidade e especificidade variando entre 77-93% e 80-98%
para pacientes com leptospirose grave, respectivamente (NABITY et al., 2012, 2018).

Mais recentemente, esfor¢os foram realizados para o desenvolvimento de técnicas

moleculares baseados no PCR convencional e em tempo real (QPCR) para amplificagcdo do DNA
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da bactéria (PEREZ; GOARANT, 2010; THAIPADUNPANIT et al., 2011). Muitos protocolos de
PCR empregam diferentes combinag6es de oligonucleotideos para deteccdo de DNA da Leptospira
spp. em materiais clinicos (WAGGONER; PINSKY, 2016). Um resultado positivo na qPCR revela
a presenca do DNA do agente infeccioso na amostra, porém esta metodologia sozinha ndo permite
que o sorovar infectante seja identificado. A sensibilidade do teste pode ser afetada devido a fraca
ou curta leptospiremia na fase aguda, coleta tardia do material biolégico ou administracdo de
antibiodticos (PICARDEAU, 2013).

3.7 TRATAMENTO

O tratamento da leptospirose envolve principalmente uma variedade de antibioticos
administrados por via oral ou intravenosa (YAAKOB; FRANCIS RODRIGUES; VANITHA
JOHN, [s.d.]). Antibioticos incluem tetraciclinas, penicilina e ceftriaxona, (BRETT-MAJOR;
COLDREN, 2012) sendo a penicilina a mais utilizada (CHARAN et al., 2013). A administragédo
precoce desses antibioticos reduz o risco da doenga e a mortalidade nas formas graves da doenca
(TUBIANA et al., 2013). Nos casos graves, quando hd complicacGes renais, respiratorias ou
hemorragicas, os pacientes devem ser encaminhados para hospitais que disponham de suportes
como hemodiélise e ventilagdo mecénica (HAAKE, 2015; LEVETT, 2001).

3.8 PATOGENIA

A Leptospira penetra no hospedeiro através da pele lesionada, mucosas dos olhos, nariz ou
garganta e estabelece uma infeccdo sistémica por disseminacdo hematogénica, que envolve a
passagem por muitas barreiras, incluindo a matriz extracelular, membranas basais e camadas
celulares (KO; GOARANT; PICARDEAU, 2009; MURRAY, 2015). Esta penetracdo é favorecida
pelo movimento translacional das bactérias (WUNDER et al., 2016a) e colonizacdo, a qual se da
via interagdo das leptospiras com componentes da matriz extracelular e células do hospedeiro
(EVANGELISTA et al., 2014). Mediante estudos experimentais com hamsters, tém-se
demonstrado que a Leptospira pode atingir todos os 6rgdos, incluindo o cérebro, dentro de uma
hora apos a infeccdo (WUNDER et al., 2016a). A motilidade € essencial para a patogénese da

doenca, especialmente para atravessar as barreiras epidérmicas e de mucosa. Porem, considerando
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que espécies saprofitas possuem flagelo e motilidade, outras propriedades do agente patogénico
tem um papel essencial (WUNDER et al., 2016b, 2018).

As leptospiras penetram na corrente sanguinea e persistem até que o hospedeiro apresente
uma resposta imune efetiva, que costuma ocorrer uma a duas semanas apds a exposicdo. Entretanto,
com o desenvolvimento da imunidade protetora, pode ocorrer a eliminacdo do agente ou o
desenvolvimento do estado de portador crénico. Estudos mostram que o Iimen dos tubulos renais,
onde a concentracao de anticorpos € baixa, é o local de colonizacéo ideal para as leptospiras, sendo
provavelmente uma forma de escape do sistema imune (ATHANAZIO et al., 2008; FAINE et al.,
1999).

Diversos fatores de viruléncia da Leptospira ja foram identificados, entre eles destaca-se o0s
LPS, que é considerado como fator geral de viruléncia de bactérias Gram-negativas, hemolisinas,
proteinas da membrana externa (OMPs) e outras proteinas de superficies, com potencial
contribuicdo para a patogénese da infeccdo e doenca (BHARTI et al., 2003; EVANGELISTA;
COBURN, 2010). O LPS da Leptospira spp. exibe similaridade tanto estrutural quanto
imunolégica com LPS de bactérias Gram-negativas. Os anticorpos produzidos durante a infec¢do
por leptospiras sdo aglutinantes e reativos, sobretudo, ao LPS bacteriano (EVANGELISTA,;
COBURN, 2010; FRAGA; BARBOSA; ISAAC, 2011; KO; GOARANT; PICARDEAU, 2009).
A imunidade resultante de anticorpos reativos é limitada aos sorovares homélogos ou que estdo
intimamente relacionados e ndo se sabe se a resposta por anticorpos contra outros antigenos
também confere protecdo (FRAGA; BARBOSA; ISAAC, 2011; KO; GOARANT; PICARDEAU,
2009; LEVETT et al., 2001).

Alem do LPS, proteinas estruturais e funcionais fazem parte da membrana externa das
leptospiras, dentre elas destacam-se as Ligs, LipL32 e Loa22 (Figura 3). As proteinas Ligs
encontram-se expostas na superficie externa, incluindo LigA, LigB e LigC, sendo expressas apenas
durante a infeccdo e estdo envolvidas em processos de evasdo imune e adesdo das leptospiras
(CHOY et al., 2007). Estas proteinas séo capazes de induzir a producédo de anticorpos especificos
tanto em humanos como em animais infectados (MATSUNAGA et al., 2003; PALANIAPPAN et
al., [s.d.]). Estudos apontam estas proteinas como potenciais candidatas a vacina para leptospirose,
conferindo protecdo em modelos animais entre 70-100% (FAISAL et al., 2009; YAN et al., 2009).
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Figura 3 - Representacdo esquematica da membrana da espiroqueta. A membrana interna (IM) da
Leptospira esta ligada a parede celular de peptidoglicano (PG), que é sobreposta pela membrana externa
(OM). Lipoproteinas expostas a superficie (LipL32, LigA, LigB e Loa22), a proteina de membrana
externa transmembrana porina L1 (OmpL1) e o lipopolissacarideo estdo entre os principais componentes
da membrana externa.

Fonte: (FRAGA, et. al.; 2011)

Outra proteina localizada na face externa da membrana (OM) da Leptospira spp. € a Loa22,
que foi o primeiro fator de viruléncia identificado geneticamente e que preenche todos o0s
postulados de Koch como fator de viruléncia. Os postulados de Koch séo efetuados em quatro
etapas: 0 microrganismo deve ser encontrado em todos os casos da doenga; ser cultivado em cultura
pura; provocar a doenc¢a quando inoculado num animal de experiéncia e poder ser isolado desses
animais e cultivado em cultura pura. Cepas mutantes que exibem delecdo do gene que codifica a
Loa22 apresentam viruléncia atenuada durante a infeccdo aguda em modelos experimentais
(FALKOW, 2004; RISTOW et al., 2007; VIEIRA et al., 2012).

A LipL32 ¢ a proteina encontrada em maior abundancia na superficie da Leptospira spp.,
sendo altamente imunogénica. Foi observado que mais de 95% dos infectados produzem anticorpos
anti-LipL32 (CULLEN; HAAKE; ADLER, 2004; GUERREIRO et al., 2001; HAAKE et al., 2000;
MALMSTROM et al., 2009). Esta é uma proteina altamente conservada em espécies patogénicas
e ausentes em cepas saprofitas, expressas durante a infecgdo aguda e que induz uma resposta imune

humoral. Esta proteina apresenta grande potencial para imunodiagndstico como antigeno vacinal
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(ADLER; DE LA PENA MOCTEZUMA, 2010; BHARTI et al., 2003; HOKE et al., 2008; NALLY
et al., 2007).

3.9 RESPOSTA IMUNE

O sistema imune inato compde a primeira linha de defesa do hospedeiro, desempenhando
um papel fundamental no reconhecimento e na eliminacéo das leptospiras. Durante as primeiras
horas de infeccdo, a ativacdo da via alternativa do sistema complemento é um dos mecanismos
efetores mais importantes (BARBOSA et al., 2009; MERI et al., 2005). A evasdo ao sistema
complemento por leptospiras patogénicas ocorre quando estas sao capazes de se ligar ao Fator H,
o qual, ligando-se a superficie das leptospiras, permanece ativo funcionalmente, atuando como
cofator na clivagem do C3b pelo Fator | (FRAGA; BARBOSA,; ISAAC, 2011; MERI et al., 2005).
As leptospiras também sdo capazes de se ligar a C4bp, que é um inibidor da via classica e das
lectinas do complemento, no qual mantém sua atividade de cofator, atuando na clivagem de C4
mediada pelo Fator I. Isso indica que a aquisicdo deste fator regulador do complemento pode
contribuir para a resisténcia ao soro pelas leptospiras (BARBOSA et al., 2009; DE SOUZA et al.,
2016).

Receptores de reconhecimento de padrdes, ou PRRs (do inglés — pathogen recognition
receptors), sao um dos principais mecanismos ativados que reconhecem antigenos de Leptospira
spp., sendo os principais receptores pertencentes as familias do tipo Toll e do tipo Nod. Estes
parecem desempenhar papel relevante no reconhecimento das leptospiras pelo sistema imune inato
do hospedeiro (EVANGELISTA; COBURN, 2010; FRAGA; BARBOSA; ISAAC, 2011). Ja foi
demonstrado que a presenca dos receptores TRL2 e TRL4 é necessaria para uma resposta imune
inata efetiva contra a Leptospira spp. A auséncia de TRL4 leva ao desenvolvimento da forma grave
da doenca com ictericia e hemorragia pulmonar, acimulo de leptospiras nos rins e pulmdes de
camundongos infectados com L. interrogans sorovar Icterohaemorrhagiae (CHASSIN et al., 2009;
WERTS et al., 2001).

O LPS das bactérias Gram-negativas ativa 0 TLR4, resultando em uma resposta pro-
inflamatdria mediada por citocinas e quimiocinas, ja o LPS das leptospiras ativam os macréfagos
humanos atraves do TLR2. Esta ativacdo diferenciada pode ser atribuida as diferencas na

composicao do lipideo A como uma estratégia das espécies de leptospiras patogénicas para evitar



24

a ativacdo adequada de células do sistema imune, contribuindo assim para o estabelecimento da
infeccdo em humanos (FRAGA; BARBOSA,; ISAAC, 2011; GUERREIRO et al., 2001; NAHORI
etal., 2005; QUE-GEWIRTH et al., 2004). Na auséncia de estimulacdo dos TLR, receptores imune
inatos da familia Nod podem ser responsaveis por desencadear inflamacdo em resposta a
leptospiras (CHASSIN et al., 2009).

Durante uma infeccdo, a resposta inflamatéria é desencadeada ap6s o contato com
patdégeno, que ativa o sistema imunoldgico inato. Estudos in vitro e em modelos animais
demonstraram que leptospiras altamente virulentas podem induzir uma "tempestade” de citocinas
nos estagios iniciais da enfermidade, com uma resposta tipo TH1, seguida de um estado de
imunoparalisia que pode levar a sepse e faléncia de 6rgdos (CAGLIERO; VILLANUEVA;
MATSUI, 2018; VERNEL-PAUILLAC; MERIEN, 2006). Em modelo animal, evidencia-se um
padrdo diferencial na expressdo de citocinas, dependendo da resisténcia ou suscetibilidade. Em
um estudo comparando camundongos e hamsters, foi observada uma rapida superexpressao da IL-
10 anti-inflamato6ria em niveis mais altos em camundongos resistentes quando comparado ao
observado em hamsters, independentemente da cepa de Leptospira (MATSUI et al., 2017). Vale
ressaltar que em outro estudo para avaliar citocinas, foi observado a expressdo significativamente
maior de TNF-a, IL-1a e IL-10 nos hamsters infectados com doses letais de L. interrogans, quando
comparados aos hamsters controle (VERNEL-PAUILLAC; GOARANT, 2010).

Em humanos, foi demonstrado que as concentragdes das citocinas IL-1p, IL-2, IL-4, IL-6,
IL-8, IL-10, IL-17 e TNF-a sdo significativamente maiores em individuos com quadros leves da
doenca, enquanto o baixo nivel de TNF-a esta relacionado com o desfecho fatal (REIS et al., 2013).
Também ja foi observado que os niveis de IL-6, IL-8, GM-CSF, IP-10, MCP-1 e VEGF diferiram
significativamente entre os casos graves e 0 grupo controle, enquanto os niveis de GM-CSF
diferiram significativamente entre os casos leves e o grupo controle (PAPA; KOTROTSIOU,
2015). Em outro estudo, as concentracdes de IL-6, IL-8 e IL-10 estavam mais elevadas nos soros
de individuos com comprometimento de ¢rgdos em comparacdo com casos leves sem
comprometimento de 6rgéos. Entretanto, somente o IL-8 foi significativamente maior em amostra
de soro convalescente de individuos com comprometimento de 6rgdos (CHIRATHAWORN et al.,
2016). Vale destacar que nos quadros assintomaticos de leptospirose, apresentou-se uma resposta
anti-inflamatoria com células TCD4+ mais produtoras de IL-10 em compara¢do com individuos

com leptospirose grave ou leve (VOLZ et al., 2015).
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Na leptospirose, a imunidade adquirida € predominantemente humoral e dependente da
producdo de anticorpos e da ativacao da via classica do sistema complemento sendo que a maioria
dos anticorpos, sdo produzidos contra o LPS. Esta ativacdo promove a fagocitose da bactéria por
neutrofilos e macrofagos. A fagocitose sé ocorre quando a Leptospira spp. encontra-se opsonizada
por anticorpos 1gG especificos, sugerindo que o envelope das leptospiras possui um componente
antifagocitico (FRAGA; BARBOSA; ISAAC, 2011; KO; GOARANT; PICARDEAU, 2009).
Imunoglobulinas do tipo IgM sdo produzidas no inicio da infecgdo. Apds alguns dias, h4 producéo
de imunoglobulinas do tipo IgG, que provocam a lise das leptospiras circulantes. Sugere-se que
complexos imunes circulantes podem estar correlacionados com a intensidade dos sintomas,
principalmente com o aumento da gravidade da doenca de Weil, que pode ser resultante de uma
resposta imune humoral intensa, ja que faléncia renal, trombocitopenia e alteracdes pulmonares
aparecem na fase imune da doenca (GONCALVES et al., 2014).

Em um estudo experimental realizado com cobaias, foi observado que o LPS desempenha
um papel eficaz na prevencdo da doenga, com aumento significativo da taxa de sobrevivéncia de
hamsters pré-tratados. Além disso, a carga de Leptospirae o grau de lesdo patoldgica do rim,
figado e pulmédo diminuiram significativamente quando comparados ao grupo controle. O pré-
tratamento com LPS também aumentou a fagocitose e a capacidade bactericida dos macréfagos
para Leptospira (CHEN et al., 2020). Nos estudos iniciais, foi demonstrado que o soro de pacientes
exercia a¢do protetora em cobaias infectados, que o LPS é o principal alvo da producéo de anticorpo
na resposta protetora contra a Leptospira spp. (ADLER; FAINE, 1978) e que resposta humoral
exerce uma funcao importante para o controle da infec¢éo por leptospiras e medeia o mecanismo
de resisténcia natural (FAINE et al., 1999). Esta resposta humoral é demonstrada pela presenca de
anticorpos das classes IgM e 1gG no soro de individuos que convalesceram de formas graves da
doenca em até seis anos apos a infec¢do inicial (EVANGELISTA; COBURN, 2010). Outro estudo
sugere que a presenca de perfil de anticorpos anti-Leptospira pré-existentes protegem contra o
desenvolvimento da forma grave da leptospirose (LESSA-AQUINO et al., 2017).

O papel da imunidade celular na leptospirose ainda permanece pouco compreendido.
Embora as leptospiras ndo sejam consideradas patdgenos intracelulares, ha relatos que a L.
Interrogans € capaz de escapar do fagolisossoma para o citosol de macr6fagos humanos (TANG,
2015). Os linfocitos T desempenham um papel importante na producdo de IFN-y, citocina que

auxilia na ativacdo dos macrofagos e recrutamento de outros leucécitos para o local da infeccéo
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(CHASSIN, 2009). Um estudo realizado para avaliar a resposta celular em sangue total ou células
mononucleares do sangue periférico (PBMC) humano mostrou que a estimulagdo com L.
interrogans morta leva a producéo de IFN-y, IL-12p40 e TNF-a por linfocitos T e células NK (DE
FOST et al., 2003; TUERO; VINETZ; KLIMPEL, 2010), e que dentre os linfocitos T, ha uma
expansao predominante da populagdo de linfécitos TCRy9, ao invés da populagdo com TCRap. Os
linfocitos T CD8 também podem ser ativados, mostrando especificidade para antigenos de
superficie de Leptospira, como a proteina LigA (GUO; WANG; SUN, 2010).

No modelo murino, foi demonstrado que os leucdcitos e linfécitos B e T sdo responsaveis
pela inflamacéo independente do MyD88. Também foi sugerido que as células B séo as principais
responsaveis pela producdo de INF-o dependente de TRL2 e TRL4 no figado e que demonstra
papel protetor das células B, dependente parcialmente da producédo precoce de IgM dependente de
TRL4, direcionada especificamente contra Leptospira spp. (CHASSIN et al., 2009).

Atualmente, um dos maiores desafios é o desenvolvimento de uma vacina universal para a
leptospirose. As leptospiras desenvolveram mecanismos para escapar da fungdo protetora do
sistema do complemento, multiplicar-se no sangue, aderir as células do hospedeiro e penetrar nos
tecidos em um ritmo mais rapido. A capacidade de colonizar rapidamente varios 6rgaos representa
uma grande ameaca para o hospedeiro sendo a principal razdo para a necessidade de desenvolver
uma vacina efetiva contra a leptospirose (ADLER, 2015).

Até o presente momento, as vacinas comercialmente disponiveis contra leptospirose
humana foram utilizadas para imunizacao em individuos com alto risco ocupacional, viajantes para
regibes endémicas da doenca e/ou em resposta a enchentes e epidemias no Japdo, Cuba, Franca e
China. Apesar da utilidade, estas vacinas geralmente fornecem protecdo homéloga a curto prazo
contra os sorovares incluidos na preparacdo da vacina (ADLER, 2015; FRAGA; BARBOSA,;
ISAAC, 2011).

3.10 REINFECCAO

Até 0 momento, pouco se sabe sobre o papel da imunidade adquirida naturalmente a
reinfeccdo (FELZEMBURGH et al., 2014; GRILLOVA et al., 2020; VIJAYACHARI et al., 2004).
Estudos s@o necessarios para um melhor entendimento de como, em alguns individuos, essas

infeccdes repetidas ocorrem. Em um estudo realizado para identificar prospectivamente a infeccao
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por Leptospira entre criangas em idade escolar nas Ilhas Andaman em 2004, relatou-se uma taxa
de infecgéo de 33,5% entre 0s soronegativos e a taxa de reinfecdo encontrada foi de 16,7% entre
0s soropositivos durante o surto da doenca ocorrido um més apds inicio do estudo (VIJAYACHARI
etal., 2004).

Outro estudo relatou que anticorpos de uma primeira infeccdo pode ndo proteger contra uma
reinfeccdo e que em um caso, a reinfeccéo ocorreu em menos de um ano, mostrando que anticorpos
preexistentes de uma primeira infeccdo ndo conferiram protecdo cruzada entre
uma espécie de Leptospira ndo relacionada (L. interrogans vs. L. weili) (GRILLOVA et al., 2020).

No Brasil, um inquérito soroldégico com 2.003 moradores de uma area endémica para
leptospirose na cidade de Salvador, Brasil, encontrou uma taxa de infec¢do secundaria 2,3 vezes
maior do que a taxa de infecgdo primaria (71,7 e 31,1 infeccBes por 1.000 pessoas-ano) e que a
exposicdo repetida a bactéria patogénica € um evento frequente entre os moradores desta
comunidade (FELZEMBURGH et al., 2014).
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4 RESULTADOS

Os resultados serdo apresentados na forma de dois capitulos conforme apresentados a

sequir:
4.1 CAPITULO 1
O artigo 1 “Influence of Rainfall on Leptospira Infection and Disease in a Tropical Urban

Setting, Brazil” foi publicado na Emerging Infectious Diseases em fevereiro de 2020. Neste estudo

foi avaliada a influéncia dos fatores meteoroldgicos nas taxas de infecces por leptospirose.



Influence of Rainfall on
Leptospira Infection and Disease
in a Tropical Urban Setting, Brazil
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The incidence of hospitalized leptospirosis patients was
positively associated with increased precipitation in Sal-
vador, Brazd. However, Lepfospira infection risk among
8 cohort of city residents was Inversely associated with
rainfall. These findings indicate that, although heavy rain-
fall may Increase severe liness, Leplospira exposures
€an occur year-round.

eptospirosis, a leading zoonotic cause of illness
death (1), has emerged as a major health prob-
lem due to the global expansion of urban slum com-
munities (2-4). The disease s associated with severe
manifestations such as Weil's disease and pulmonary
hemorrhage syndrome (5), for which case-fatality
rates are 10%-50% or even higher (6). Transmission
to slum residents occurs in the peridomiciliary envi-
ronment, in which exposures to sewers, floodwater,
and contaminated soil are risk factors (3,7.8). Extreme
weather events may precipitate outbreaks (3-6), as re-
cently experienced during the aftermath of Hurricane
Maria in Puerto Rico (9). Similarly, seasonal periods
of heavy rainfall and flooding are a contributing fac-
tor to the risk for urban leptospirosis (4,10)
In urban slum settings, contact with rats and Lep-
fospira-contaminated water and soll occur year-round
(3). Prior studies have shown, consistently, positive
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leptospirosis case-patients (4,10). However, this rela-
tionship may be affected by differences in case defi-
nitions used by diverse surveillance systems. In the
few pmspa:nvemhon studies available, estimates of
severe disease accounted for only a small proportion
of the total disease burden (6). Thus, little is known
about the role of rainfall in overall infection rates.
To characterize the seasonal pattern of leptospirosis
and Leptospire infection in a tropical urban setting
and evaluate the influence of meteorological factors
on seasonal risk, we conducted a prospective inves-
tigation of Leptospirs infection rates among slum resi-
dents while actively surveying for hospitalized lepto-
spirosis case-patients within Salvador, Brazil, during
seasonal periods of high and low rainfall

The Study
During February 2013-April 2015, we identified pa-
tients >5 years old with leptospirosis at the
state infectious disease hospital in Salvador, Brazil
(4.5), and those reported in the public health surveil-
lance database by other hospitals in Salvador. We
estimated the date of infection as 15 days
before the hospital admission date. We evaluated sus-
pected leptospirosis cases according to the WHO case
definition standard (4,6,11) using the microscopic ag-
glutination test (MAT), lipl32 real-time PCR assay
(11), IgM-ELISA (6), or a combination. We defined
laboratory-confirmed cases of leptospirosis as those
with >4-fold rise in MAT titers in paired serum sam-
ples, MAT titers >1.800 in a single sample, or posi-
tive PCR (Appendix Tables 1, 2, hitps/ / wwwnc.cde.
gov/EID/article/26/2/19-0102-App1. pdt).

A lincar regression model identified that cu-
mulative monthly rainfall (Figure 1, panel A) was
significantly associated with the monthly number
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Figure 1. Temporal dstributions
of rainfall, cases of leplospirosis
requiring hospitakzation. and
Laptospira infecsions in Salvador,
Beazil, February 2013-March
2015. A) Cumutaive monthly
rainfall. B) Monthly citywide
casas of leplospirosis requising
hospitaization, mm were

according to confirmed (biack
bar), probatle (gray bars), and
unconfirmead (while bars) case
status. Vertical lines represant
the dales the 5 serosurveys were
performed during the 2.year
study. C) Cumulative inddence
of citywide cases of leplospirosis
requiring hospitakzation during
4 biannual follow-up periods

for a community-based cobort.
D) Cumutative incidence of
Laptospira infection among a
cohort of 861 residents of an
wrban slum community within

2014 2015

1

Follow-up periods

Salvador during 4 biannual follow-
up periods. Error bars in paneis C

Follow-up perlods
and D indicate 85% Cls.

of hospitalized cases (r* = (.22, p<0.007) (Figure 2).
The highest hospitalized disease incidence occurred
during the first period (February-September 2013;
3.29 cases/100,000 population; 95% CI 2.67-4.01 cas-
es/ 100,000 population) and decreased across the next
periods (Table 1; Figure 1, panels B, C).

Concurrently, we conducted a prospective cohort
study assessing serologic evidence of Leptospint infec-
tion among urban slum residents of Pau da Lima, north-
western Salvador. We enrolled 2421 of 3,716 eligible
residents, >5 years of age and with written informed

201

No. cases
2 @

¢

10 20 30
Cumulative rainfall, mm
Figure 2. Correlation bety | ative monthly rainfall and
monthly Gtywide cases of Iqxuspnosns requiring hospitalization.

312 Emerging Infectious Di

consent, of whom 821 participated in all serologic
surveys performed twice annually during August-
September (dry season) and February-March (rainy
season) during 2013-2015 (Figure 1, panel A). Using
panels with the 2 most common Leplospini species in
Salvador (d), L. interrogans serogroup Icterohaemor-
rhagiae serovar Copenhageni (strain Fiocruz 1130)
and L kirsheri serogroup Cynopteri serovar Cynopteri
(strain 3522C), we defined serologic evidence of Lepto-
spira infection by a MAT titer increase from negative
to 21:50 (seroconversion) or >4-fold increase between
sequential, paired samples. During the study period,
29'% of the infected participants reported fever.

To assess the association between rainfall and
laboratory-confirmed Leptospira infection, we cal-
culated the cumulative amount of rainfall that each
study participant experienced between sequential
samples. We used a generalized estimating equation
and incorporated explanatory variables for gender,
age, time period, and cumulative rainfall that each
participant experienced. In contrast to the hospital-
ized cases, we found Leptospira infection risk in the ur-
ban area had an inverse association with cumulative
rainfall (0.986 cm, 95% CI 0.977-0.995 per cm) (Table
2; Figure 1, panel D). We additionally assessed vari-
ous rainfall metrics, as well as the number of severe
rainfall events each participant experienced above the
mean rainfall, and the resulting patterns remained
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Table 1. Cumulative rainfall, cilywide incidence of leplospirosis requinng hospitalizalion, and incidence of Leplogpina infeclion among a

community-based cohort in Salvador, Brasl, 201 3-2015*

Cumulative rainfall, _Hospitalizasions'1 00,000 population

Lentnggira infeclion in

Follow-up period dates)” cm i+ SOt Mo, cases Incidence (55% CI Mo, infected Incidence (85% CI)
1 {2013 Feb 2-Sap 10) 126 (£ 13) ag 579 (287-4.01) 24 5.11 (3.74-6.80)
2 (2013 Sep 10-2014 Mar 14) a1 (= 21) 46 1.72 (1.26-2.29) 74 B.80 (8.81-10.67)
3 (2014 Mar 14-2014 Aug B) 93 [+ 186) &0 1.50 (1.07-2.04) 18 2,08 (1.24-3.28)
4 (2014 Awg 8-2015 Mar 3) A7 [+ 11) 23 0.8 {0.54-1.29) 42 4 B8 (3 546 54)
"W conducted 5 semisrrual Sollow-up sunsays o a community-based cohort of BE1 msid olac ity within ador, Erazi. A period was

dedined 2 ihe bty 2 oOnSoosive SUNWEys

1The source of rainial data i 4 weather sta8ons mainiairsd by e Brazilian insfee for e Environment and Wale Risounces (insiiuo do Mo

Ambioriae @ Recursos Hidriloos), located 1.6 om from the shedy she.

{Cases of hospiialized lepbospincs s per 100,000 population in the ity of Salvador, Brazil {pop. 2.575,656 in 2010], during the follow-up period.
Leptasping

Bt peronmied micrscopi
ncidenie was cakculaind as the number of infeciions

consistent. Increasing age and male sex were associ-
ated with higher infection risk.

Conclusions

Leptospirosis is traditionally associated with heavy
rainfall and flooding events in Brazil {5,9) and world-
wide (710). Our findings support the association
between extreme weather events and clinical lepto-
spircsis. During the study period, the risk of acquir-
ing leptospirosis that required hospitalization was
significantly higher in periods with elevated rainfall.
However, this finding is in contrast to Leplospira infec-
tion in nonhespitalized persons.

Our findings indicate that Lepfospira infections
occur year-round in this wurban tropical setting and
the cumulative incidence of Lepfesrin infection is
high (2%-9% per period). This finding differs from
patterns that we and others have identified for lepto-
spircsis requiring hospitalization (2,4,9,12). Although
this study does not specifically assess subclinical
symptomatic infection, it provides further evidence
that the impact of leptospirosis is underestimated,
ard Ph\ sicians should e aware that ]cplnrpnrcw.r in
fection may manifest clinically vear-round.

The patterns of Leprospirn exposurs incidence
and infection severe enough to require hospitaliza-
tion, when taken together, suggest that rainfall may
promote exposures of greater inocula, which in furm
may increase the risk of developing severe clinical
outcomes, such as severe pulmonary hemorrhage
syndrome and Weil’s disease. For example, heavy
rainfall may diffuse Leplospira from the soil, result-
ing in higher concentrations of bacteria in the media
to which humans are exposed (sewer water) and so
o a l'u'Ehnl inoc lum drw.-c-,. thus !'m:lna.r.a'ng hﬂ.'.JFIIt.II
ized disease incidence and perhaps decreasing the
environmental exposure risk in and around house-
holds (mud and exposed soil) and decreasing infec-
tion risk. However, additional studies are needed to
assess the specific contribution of inoculum dose to
disease severity.

o st w0 evaluale sercingic idenoe of

Irdeoticrs batwasin 2 oorssc it surveys. Cumudaths
100,

The 2-year study period was atypical because
rainfall was lower than expected during the rainy
seasons (Figure 1, panel A; Appendix Figure 1). Of
note, we observed a significant inverse association
between cumulative rainfall and the risk for infec-
tion during biannual sampling periods. Thus, these
trends may not apply to periods with higher amounts
of rainfall or extremne climatic events, such as El Mifuo.
This study was also limited because we used sero-
conversion to identify infection and therefore could
not determine the precise timing of exposure events;
furthermore, we conducted serologic surveys only in
a single urban slum community. However, most hos-
pitalized cases occur in similar communities (4), and
therefore Pau da Lima is likely to be representative.
Last, although the surveillance hospitals were able
to capture a variety of febrile illnesses, they did not
capture mild febrile illness, which may account for a
missing proportion of leptospirosis cases.

Owr findings demonstrate that, despite the asso-
ciation of leptospirosis hospitalization with rainfall,
Leptpspirn exposure continues year-round. Although
we did mot cvaluate mild subclinical or clinical imbec
tione, it is possible that participants experience symp-
tomarkc llness that may be unrecognized or misdi-
agnosed as dengue or other febrile disease (12,13).
Clinicians should be aware that leptospirosis may

Table 2 Association of cumulafve rainfall and ssmisnmual
follow-up period with risk for Laplsspica inlsction, Salvador,
Brazil, 2013-2015*

Wariabls DOdds ralio [95% CI)
Pes year of age 1.02 {1.02-1.03)
Male sex 1.08 {1.48-2 64)
Cumulative rainfall, et 0.988 (0.977-0.995)
Peariod
1 Fafeeni
2 1.156 {0LB3=2.10)
3 0.30 {0.15-0.58)
4 .44 {0.20-0.57)

“Wo wed Genemlized Esimaling Equation o evaluaie the sssodaton of
rainfall, folow-up pEncd, and patent age and S on Lepdesns Infeciion,
as asceriained by evidenos, AsSUMing a dependencs on he
indksidual level acrcas T 4 epeaied measures.
HCumulative amount of rainfall experenoed by parsoipan Beswean
SOOUSNE] SAMpkES
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manifest clinically outside of normal seasonal periods
of heavy rainfall. In addition, the differences observed
during the time periods independent from rainfall in-
dicate that other unexplained factors may influence
the temporal risk for Leptospira infection. Identifying
these factors will help enhance intervention strategies
in urban slum environments.
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4.2 CAPITULO 2

O capitulo 2 é composto por dois artigos:

Artigo 2. “Effects of accounting for interval-censored antibody titer decay on
seroincidence in a longitudinal cohort study of leptospirosis” foi publicado na American
Journal of Epidemiology em 04 de dezembro de 2020. Nesse artigo avaliamos a taxa de decaimento
de titulos de anticorpos analisados em intervalos de coletas de seis e doze meses.
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Aoourate maasurements of seroincadence ane critical for infections undencoured by reported cases, such as
influenza, arboviral diseases, ard leptospirsis. However, canvenlional methads of inlerpreting painsd serclogical
samples do not account for anlibody ber decay, resulling in undemestimated semincdence rabes. To impnove
nlerpredation of paired Sera, we modelsd exponential decay of interval-censored micnssapic agglutination best
titers using a historical data sel of leplospirosis cases raced o a point Souce axpoturs in Baly in 1984, We then
apphed thal decay rale o a longitudinal cobort study conducted in a high-transmission seting in Sabrador, Brazil
{2013-2015). We estimated a decay constant of 0.9246 (55% confidence imerval: 0918, 0.534) tter dilutions per
month. Accaunting for decay in $he coharl increased fhe mean infection rate o 127 times the corvenltionally
defined rale ower B-manth intervals (ange, 110-136) and 182 times that rabe aver 12-month imervals [ange,
1.65-2.07). Improved esfmates of infection in longitudinal dala have beoad apidemiologic implications, induding
camparnng sudes with diferent sampling imerals, mpeoving sample sire estimation, and delermining risk
factors far infecion and the rale of acquired immunity. Cur medhod of esSmating and accounting for tiler decay is
generalizable 1o ather infections defined using inlenal-censonred Seralogical assays.

d-4old r=e; antibody; interval-censored assay; lepboepinoss paired Saralagy; Serocomvenkion; serological ascy;
fiter descay

Abbreviation: MAT, micrascopic agghutination test.

Infections with a ligh proportion of asympiomatic, mild,
or misdiagnosed cases are not accurately represenied by
reparied cases and reguire serological imvestigation (1L
For example, patients with fevers of aoule omset andfor
umkmnivan arigin are ofien prelimimarily diagnosed with well-
recognized, highly endemic pathogens based on climical
presentation. However, when samples are subjecied o sero-
lagical analysis, kesser-known or emerging infections can
account for mamy of these illnesses (2-6). Incidence raies
are a crucial epidemiologic too] for investigation of am
imfection’s burden, ransmisxion dymamics, and trends. all
of which guide public health imerventions. It & therefone
critical that paired serology be used o produce accurate
mcidence rates for these underreporied infections, swch as

hamtavirus, ricketixial disease. leptospirosis, and infleenza,
demgue, and Fika vinases ([=T)

Paired serolopgy defimes infections based on 2 samples
from am individual 1. 11 is commonly wsed in longitudinal
cobon stsdies. To conduct paired serodogy, 2 serum samples
are obizined from an individual at different times. These
samples are then subjected o a serological test, and the
lest values are compared to determice whether there is
evidence that an infection has ocourred. By long-stamding:
comvention, recemt infections are defimed according 1o 2
definitions: a seroconversion ar a 4-fold rise in antibody titer
(1} A sercconversion is defined when an individual with
an imitial antibody respomse below the test threshold has a
positive result in the second. A 2-Fodd rise is defined when

Am J Epidemicd. 2021;1890{5)850 895
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an individiz] hax an imitial response abowve the detection
threshkold and a second result at least 4 tmes the first (for
example, a titer of 5 follewed by one of 200 This 4-fold
rise is equivalent iv a 2-dilution change in a serial dihstion
test. The 4=fold rise criterion stems from the variability in the
performamce and interpretation of serological assays, which
implies that a 2-fold rise {a single dilution change) could
represent measurement error, ot infection (). In lomgitudi-
nal siudies, these definitions are applied irrespective of the
inerval between samples.

Anmtibody decay & a known phenomemon (B=10) that
would be expecied o ocowr in the inlerval between samples
st i not accounted for by conventional imterpretations of
paired sera; 2x a result, they might underestimate infection
rales when applied o studies with long inlersample imlervals.
Failing #o account for the decay in an mdividial's antihody
levels afier the initial sample & @ken means that the second
sample is compared with an artificially high baseline valse
whenapplying the seroconversion ar 4-fold rise criteria. This
decreases the likelihood that an mfection will be declared. It
hax been demomsimted that the conventional mterpretations
underestimate mfections at the population bevel {1, 11}, and
some authors have suggested w=ing a 2-fold rise in titer o
define imfections when estimating population-level attack
rales (1. 11} However, this does not address imdrvidual-
level measurement error and could therefore overestimate
infection rales.

Interpretation of paired semology can be further compli-
caled by I features shared by 2 number of pathogens. The
first is the use of interval-cersored sernlogical assays, such
as the bemag plutimation-inhibition axsay used for influerca
diagmastics (1) or the dengue plague reduction nevtralization
test {1 2). The=e tests do not produce a comtinuous mumeric
result but imstead mdicale an interval imo which a sample’s
titer falls. The second is the polential for reexposure in
longitdiral coborts. Feexposure can boost tiers, masking
titer decay. One method of handling this is o model bon-
gitsdimal data allowing for both infection and titer decay
simultameously (B, % 11, |3, 14), but the 2 processes can be
statistically unidentifiable. preventing accurate estimation of
either {15).

Oz pathogen for which servincidence studies have been
crucial is leplospinasis, a bacterial moonosis. Pathogenic spiro-
chetes of the genus Lepiosping cause approximasely 1 mil-
liom severe cases and almost G000 deaths per year (16).
Humans become infected through direct contact with an
infected mammalizn host or contact with soil or water con-
taminated by infected animal urine (17} Severe mamifes-
tations, inchuding pulmonary bemorrhage amd Weil's dis-
ease, represent oaly a small fraction of infections (17} The
majorty are asymplomatic or produce mild disease with
nanspecific symptoms such ax fever and myalgia (171 and
are frequently misdiagnosed as betier-knoan mfections like
malaria or dengue fever (3-6). The bunden of lepiospiro.
sis is thus severely underestimated by reporied cases, and
seroincidence studies have been oritical for undersianding
leptospiral dynamics and risk factors for infection (15, 19).
As with other diseases, serological siudies of lepiospirosis
are complicaied by inberval-censored tiers and the potential
fior reexposune.

To characterize the effect of alowing for titer decay
between serological samples, we reanalyzed data from a
longitudinal cobort siudy of leptospirosis in an endemic
urban slum setting. ‘We first estimated the titer decay rale
using hisiorical data from a well-characierized point-source
autbreak of leptospirosis with mo reexposure (1), We then
applied this decay e o the cohont data. However, instead
of directly comparimg observed tilers, we defimed infections
by comparing the secomd titer with a decayed version of
the first. Although we focused on keptospinosis. the methods
developed are readily adaptable o other infectious diseases.

METHODS
Estimating the rate of Lepiospira antibady titer decay

There are numerous seroincidence studies of human
lepiospirosis (10, 20=27), but we identified only one that
oonducted longitudinal follow.up where reexposure was
unlikely. This study, by Lupidi et al. (10}, followed 18
patients who experienced climical disease after a point-
source puthreak of leptospimsis cansed by a dead hedgehog
that contaminated an Italian iown’s drinking water in 1984,
The=e patients were followed longitudinally, with samples
taken “by the third or fourth week afier the omset of dsease™
and at 9, 18, 3, and 54 months afier infection. The cuthreak
serovar was identified as a member of serogroup Australis
but was not conclusively identified, so the authors reported
data for 3 serovars within this serogroup. At the time of the
outbreak, seroprevalence mies for Aumsiralis serovars in this
area of Italy were low (15], amd seroprevalent casex were
epidemiologically distinct from outhreak cases (28, 29), so
reexposare amang cuthreak cases was unlikely.

Samples were tested using the microscopic agglutination
test (MAT). the gold stamdard semdizprostic est for lep-
tospirosis {41, The MAT is conducied by combining serially
dilied patient seram samples with a standard amownt of a
Leptaspira reference strin, and then examining the mixture
umder darkfield microscopy. The culoff for a positive result
is 3 agplutimation of the bacteria by the patient sample,
and the result is given as the reciprocal of the highest
dilution at which this endpoint is reached. This procedure
ix repeated for an epidemaclogically relevamt battery of ref-
erence strains. Dilutions used in this stody were 1250, 12100,
1330, 1010000, 1:3,200, 1: MUHKD, and 132000, Dat were
extracted from Figure | of the published report (100

To model tiler decay, we first defined amn unobservable
variable W' 1o be a patient’s true antibody level at the time
of measurement. The result of a dilubion assay like the
MAT ix am observed mumber of dilutions £ = 0, 1, 2,
eic.. al which the sample meets the agglutinaiion threshold.
The=e dilstions represent an interval-cemsored version of W.
Specifically, the ohserved dilution X = & & eguivalent to
dy <= W = dy . where the dy are known comstants based
on the dilution factor. We then specified a model im which
the expecied value of W at time § since infection is mif) =
aitexpl —fifk The constant @ is a scaling factor that vanes
between individuals and serovars o accoumt for betero-
gensty in anbbody decay (31-33). The parameter y allows
for an initi@al incresse in antibody resporse postinfection

Am J Epidermiol. 2021;100{5)803_809
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if 2= . The pamameter [} represents the mie of exponential
decay m antibody respomse follewing the indtal rise, of
any (34, 35k for example, when ¥ = 0, a valee f = 0.2
waould mdicate that the expected response 21 time £ + 1 is
expl—(.2) = (LE]1D times the expecied antibody response
al time & Additional technical details of the model and
madel-fitting are givem inm Web Appendix 1| {(available at
bttpsctfdoiorg /1 0. | W ajekwaa 53).

Effect of accounting for Lepiospira titer decay in
langitudinal cohort data

We then applied the estimated decay mte to data from
an ongoing longitudinal cohort study in an urban <lum in
Salvador, the third largest city in Bragil. A previous, annually
sampled cobort im this zite had a crude seroincidence rate of
178 infections per | N} persom-years ( 15) and a reinfection
rate of T1.7 per 1,00, mdicaling frequent reexposure. This
studly also identified the peridomestic emvironment as a high-
risk setting for lepiospirosis (18, 19, 36). To better under-
stand leptospiral dynamics and risk faciors, we conducied a
secand longitudinal cobort study in which participants were
sampled every & manths (37). To be eligible, residents had
o sleep 2t beamt 3 mights per week in the study sile, be at
least 5 years old, and consent to participate. This stedy was
approved by the Yale University Ethics Commitiee (pro-
toced 1006} and Brazilian National Committee for Ethics
in Research (protocod 263 3NE). All participants provided
writien informed consent. Consent was also obtained from
parents ar guardians of participamts who were minors. The
study enrolled 2421 of 3,716 eligihle residents (17). We
wsed the first 5 bianoual samples. taken m 232015, o
guantify the effect of accounting for mer decay. We analyzed
mdivichials with complete follow-up for each of the four

femonth amd two 1Z-month intervals during this period.
Tzhle | shows the pumber of ndividuals for each interval
and the comespomding semincidence rates. In this shsdy,
samples were analyzed using successive 2-fold MAT dilu-
s, L2500 Do DOHD, 1:-20a0, ... 1:D2.800. We resimicied our
analysis 1o the single serovar that couses W% of infections
im this setting (L. interrogares serovar Copenhageni) | 19).
We msed multiple imputation to apply titer decay o the
cobort data. 'We first imputed a value for the titer at the
beginning of a follow-up interval (W) using a umiform
distribution on the |-:|‘E_-!H:ﬂ]!. For example, an observed
number of dilutions Ky = 2, comesponding to a Gter of
1=100), was randomly axsigmed a value of W in the interval
between I ilnl:ll.mve_l and 3 {exclusivel Collezgues with
extensive MAT experience did nod feel there was evidence
o justify a momuniform imputaton distibution. We then
applied the estimaled decay rte over the imlerval between
the samples to generale an expected tiler at the end of the
imterval H'I-";L using the formula 'I-l"i" = W = R*, where
& = expl{—f) amd 4 5 the intersample interval in moaths.
We then recensored WY 1o obtain an imputed sumber of
dilutions K by rounding diwwn io the nearest whole number.
This reflects the MAT procedure in which samples that do
not meet the threshold at a given dilution are aszigned a
lower titer, effectively roundimg them down. Finally, we
defined infectbons by comparing &3 with K7 instead of the
comventional K7 1o K. As an illusimtive example, consider
an imdividual with Ky = 3 {a titer of 1:3060, and K = 4
(1:40 taken & momths apart. Comsventional inlerpretations
winlld not define an infection in the imersample interal. Our
methodd first imputes a value of Wy between 2 (nclusive ) and
4 {exclusivel, for example 3.15. We then calculate W] =
Wy = B = 335 x (926" = 205, This valee of K] is
roumnded down to I (a ter of 12106 and compared with
the K of 4, resubing in an infection defined using the

Table 1. Compasison of Infecions Defined Using Comseniional and Modied Inkerprefations of Famed Sem Among Participants in a
LongRudinal Cohort Study Conducted in Pau da Lima, Sakador, Brazi, 2093-2015

Comsentional Interpretation Apoounting for T Decay®
P Complein
Follcs-ups B P Infection SC Median FFT Median Indecticn Rateb
Rarte" (3R] (IR lzdian (FIR)

& months

Fariod 1 1,583 45 15 a0z g (57 &0} 14 (13, 15) 458 (452, 465)

Fariod 2 1,485 &7 kS 45 69 (548, 1) 768 714 (70T T2.7)

Fariod 3 1,601 5 H =4 43§42, 44) 21 {20, 22} 400 (334, 400E)

Fariod 4 1,399 =2 14 472 &8 466, TO) 19 (17, 20} 22 (508, 629
12 maonihs.

Yaar 1% 1,848 =] 3 FET] 09 {107, 180 1 {80, 1} H2.4 {817 28.1)

“Yaar 2 1,282 5 5 T B4 461, 67} 20420, 21} E5.B (535, ET.3)

Abbreviations: BOA, inferquartie range; FFT, 4-iod flor rise; 5C, somoorversion.
* Tha values for T inlerpretation allowing for Sior docay am based on 10U000 impulaSons wsing & decay rale sampled fom ks distibution.

® par 1,000
© Fariods 1 and 2.
® Porinds 3 and 4.
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4-fold rise criterion allowing for titer decay. See Web Figure
| fior a visual example. We repeated this procedure 10,000
times o estimale variation due to the impatation process. As
a semsitivity analysix, we also repeated the procedure 10,000
times samplimg the decay rate from the sampling distribution
of its extimate instead of using the point estimate &

Two concerns need i be mentioned. One is thal Geer
kinetics in climical cases in 2 maive population |Lopadi et
al. ( 101)) might differ from those in a leptospirosis-endemic
setting where individuals might hive some level of immunity
that would affect their titer decay mbe (14, 32 We ook
1 zieps o ensure that applying the estimaied decay ke
to the cohont data was valid. First, we sampled 16 cobort
participants within a S=month interval. creating mbervals of
approximately 4, then 2. months. We visually compared the
titer kinetics of these individuals with those of the individw-
als in Lupidi et al. (10). Second, o examine the sensitivity
of owr resulix o the decay rate, we repeated the above
procedure using decay rates both Faster and slower than the
one estimated from the Lupidi et al. data. The decay comstant
ws caloulated by 1 — (1 — ). To calculale alternative decay
rales, we added a muliplier W to the equation: 1 — (1 —

m

2,000 —

Frequency

1,000 -
a T T - 1
100 155 20 285 320 ars
Casa Count

<l
3,500

3,000 —

w 2,500 -
g 2,000
E 1,500 |
L 1,000 S
ﬁm_

0 T T e 1

100 155 290 285 320 ATS

Casa Count

R, We used M = 2 (e calculale a decay mte twice as
famt as estimated). 142, and 174 (1o estimate decay rates one-
half and one-jpuarier ax fast as estimated, respectively). The
second comcern is whether titer kinetics are similar when
different Lepdasping serovars cause infections. This cannot
currently be addressed because mo comparable lomgitudinal
data without reexposure exist for L ieferrogans sepovar
Copenhageni.

RESULTS

MAT titers from Lupids et al. {10} vared by serovar and
imdividual and were well modeled by expomential decay
{Web Table | and Web Figure 2). The 3 serovars had sig-
nificantly different mtercepix, with the highest for seroavar
Lora, then Bratslava, then Austmlis (see Web Table I for
parameler estimates). Our final model of exponential decay
aver ime in months, with an mtercept affected by serovar
and imdividual, had an estimated decay mte & of 0926
dilutions per month (95% confidence mberval: 0918, 0.934).

The parameter representimg the initial titer rise was not
statistically sigmificamt, so we excluded it (Wb Table 1).

B

6,000 —

5,000

d 000 -

3,000 -

2,000 -

1,000

0 +E— I T T

100 155 M0 265 320
Case Count

Fraquanay

|
irs
B
4 000 —

3,000 —

2,000 =

Frequency

1,000 <

0 +E ) )
T T T T
100 155 210 265 320
Case Count

1
3r5

Figure 1. Comgarison of inlocions defined wsing conventional and modified inkprotations of paind samiogy among parkcipants in a
longiudiral cohart siudy conducied i Pau da Lima, Beazil, 2013-2015. In aach pard, the case oount using comvenbonal intompeoiasons of

|paisd seaclogy, which do nol aocouni Tor iRer docay, |5 marked by an asionsk. Hisiograms show e number of inlections defined in ech of
10,000 imputatons allowing for e decay ower all -month panods (A, C) or all 12-monih periods (2, 0). A and B use T poini eslimate of the
decay rxin, and C and D wse a doecay ralks sampled from th distribulion of the esimalo.
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Tabde 2 Sensitivity Anaksks Domorsiraling the ESacl of Dooay Rale on the Mumber of infecions Dedined Using Faked Samlogy Among
Participants in a Lorgitudivel Cohart Study Conduciod in Pau da Lima, Beagl, 2003-2M5

Total Infections® Per 6-Momth Period, Median {IGR])

Tiler Decay Rate
Period 1 Period 2 Period 3 Feriod 4
Converonal jno decay) B4 56 ar EE
LSBT (R4 66 [E5-5T) 88 [57-55) 51 (50-53) 65 (55-71)
0862 (R'Z) 68 [BB-T0) 100 [58-101} 56 (55-58) 73 (72-75)
0,826 (H) 73 (72-74) 106 (10510 E4 (53-65) B7 (25-88)
D.B5T (2F) B2 [B1-53) 120 {120-121) 77 (7E-TH) O (100-109)

Abbroviations: ¥JA, inenguariie range; A, esimaled decay ratm.
* Tetal inlections consists of sernconversions phus 4-fold rises.

Dur mability to chamcterize initial Gier rise in the Lopidi
et al. (10) data is likely dise (o the lack of samples during
the first month afier mfection, when the rse would ooour
We attermpted to resolve the initial titer rise by imputing the
missing time of the furst sample for each individual based on
their titer trajectory, but this did pol increase the precision
of our estimales. The fixed f-month periods between sero-
surveys in the Pan da Lima cobort also prevested us from
chamcterizing imitial titer rise from that data.

There was mo vismal evidence that titer decay i partici-
pants in the Brazilian cobort differed significantly from that
of cases in Lupidi et al. { 1) (Web Figure 3), so we applied
the estimated decay mie to the longitudinal cobort data
Summares of infections defined uxing both conventional
mlerpretations and allowing for titer decay are presemled
in Table |. Infections are reported for each of the four A-
moath intervals as well as the two 12-month imtervals. The
imputation variance—captared by the imerquartile ange of
infection coumts across the 10,000 iterations—was small,
imdicating that each impulation produces comparable resulis.
Kesults are reported for the amalysis wsing a titer decay
male sampled from its distribution. Results using the decay
rale point estimate are gqualitatively similar, with narroaer
confidence imtervals (Figure 1.

Accounting for titer decay imcreased the number of
imfections. While the mean G-month infection e ander
the conventional defimition was 45.3 infections per 1.000
follow-ups. when allowing for decay the mean rate became
54,8710 The difference wasx even mare pronounced when
considermg  12-month sampling intervals, for which the
mean infection rate went from J0.E/LDO0 o T4 D00
when accounting for titer decay (calculated from Table |
vabues). Sensitivity amalysis showed that even a decay rate
only one-fourth as fast as that estimated from the Lupédi et
al. data {10} would still result in mare nfections than the
coamventiomal defimibion ( Table 21

We med likelibood-based estimation to mode] the decay
of interval-censored leplospirosis amtibody titers. and then

Am J Epidemisl, 2021;100(5):883-830

applied that deray rate 1o loagitadinal cohort da to mone
accurately measure seroincidence. Our model of lepio-
spiral MAT titer decay demonstrated that accountimg for
decay subsiantially increased mfection rates. We ook
sbeps i0 ensure that our decay estimate was reasonable but
showed that even accounting for a considerably slower-
tham-estimated decay mte identified more mfections than
the comventinnal interpretation.

Cwr findings have important implications for epidemi-
odogic shsdy design amd interpretation. The hiannual inci-
dence rate of keptospirosis in our study site was 121 tmes
the raie estimated by comventional interpretations, repre-
senting a substantial increase in barden. We also identified
that the mtersample interval has important implications for
imterpretation. Lepiospirosis incidence was underestimated
by convemtional defimitioms with both 6. amd | 2-month inter.
vals, but the effect was much stromger with the bomger inber-
val. Im our case, the estimaled annsa] incidence rabe was 1,82
times the value calculated with conventional interpretations.
This calls mbto guestion the validity of direct comparizons
among longitsdinal studies with different sampling inter-
vals. For other pathogens. the validity of such comparisons
depends on the relative timescales of antibody decay and
imersample intervals. Longitedinal cohort shedies aim not
oaly o calculate burden but also to delermine risk factors
for infection, and these previously unidentified infections
oould modify the risk factors identified from ourdata {1 5, 19,
36h. Accurate burden and risk factor information is critical
for public health practiboners working o prevent imfec-
trom as well as pesearchers working 1o enderstand infection
dymamics and trends. In addition, improved understanding
of individual sequences of infection evenls could belp eval-
uate whether preexisting antibody tiers lower the risk of
a subsequent infection. This has imporant implications for
vaccine development { 39). Finally. cohort study design could
be mfluenced by these results, becanse a higher incidence
rate will lower sample-sice requirements.

Chur method for quantifying decay and semoincidence has
several bemefits. The modeling framework is relatively sim-
pde and cam be applied 1o other daty selx and pathogens
with mimimal madifications. Beyond the paired samples i
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be amalyred, the method requires a single data set without
reexposure b estimate the titer decay mte. While mone
data sets would increase the accuracy amd generalizabality
of the estimabed decay rate. we demonsirated that even a
single data set can provide useful mformation. In addition,
oar method preserves the 4-fold fse criterion te avoid the
misclasification possible when wsing a 2-fold rise as the
infecton standard at the mdividuz] level (1) Fmally, owr
method takes mbo accousd the actual Bme elapsed between
samples, making it flexible 1o variation in the intersample
interval both within and between studies.

While we applied this method o leptospirosis, it is
suitable for application to other mfecions. For example,
bnscellosis (4] and scrub typhus {3 rcketisial infection)
(41} are underreparted infections commaonly diagmosed us-
ing paired serology. If antibody decay rates can be calcw-
lated in the absence of reexposure, those rales can then
ke applied to longitedinal cohort shadies to generale mome
accurate burden measures. However, data sets without reex-
pasure can be lacking for endemic infections with a high
force of infection. Another consideration when applying this
method is the number of strains ciroulating. I our system. a
single leptospirosis serovar causes most infections (19, 37).
In areas where a single dengue vims serovar circulates, our
methed would apply. However, in the presence of multistrain
dynamics, mchuding oross-reactivity amd  -Imamuanity
oommon for demgue virus and influenza-—modifications
woruld be required. In these more complex siluations, models
account for these dymamics by simullaneows estimation of
liter increase, tler decay, amd imfection (B, 9, 11, 13, 14).
To eliminate polential statistical identifability issues {15)
and smmplify these models, vur ider decay model could be
incorporated as a deterministic process.

This study hax the follewing limitstions, The MAT is
subjective and results vary by performer and laboratory.
However, this is a common feature of dilution assays. Oar
method mimics the MAT procedure and acoounts for some
varizhility through the imputation process. We used a single
historical data set to fit our model. To our knowledge.
thiz is the only published data et of longitudinal buman
MAT follow-up in which reexpaosure is unkikely. Reex posune
canmit be conclusively nuled out, but the low seropreva-
lence rate to outbreak straims (28], epidemiologic differences
between outbreak and seroprevalent cases (25, 29, and lack
of increased titers during longihadinal follows=up of outbreak
cases | 10) all make reexposure improbable. Individual start-
ing titers vanied. potentially due o differences in immu e
factors or the imfecting dose. Separating these 2 factors is
a major challenge m serclogical studies and ope we conpot
overcome with this dats. The small data sed in = 1E) lome-
ited us bo comsidering a relatively simple exposential decay
mudel. Im particular, the iming of the samples limited owr
ability to account for amy neainsEnianeoss initial rse io ber
following infection.

Interval-cemsored serodogical assays are used 10 define
infecton with a rmnge of pathogens ( 1, 9, 30, but we demon-
strated that comventional mterpretations of paired sera with
long miersample inlervals can substantially underestimabe
infecton rales. Tiler decay is therefore an important phe-
nomenon o account for when interpreting paired serology

comducted with long imersample mbervals. Modeling the
decay of interval -cemsored tilers in the absence of reexposure
allowed us o0 estimate a bier decay rabe that we used to
understand iramsmission in a2 more complex settimg. Our
method is flexible and generalizable 1o other miections
diseasex defined using interval -censored assays.
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O artigo 3, “Biannual and quarterly comparison analysis of antibody kinetics on a
subcohort of individuals exposed to Leptospira interrogans in Salvador, Brazil”, foi publicado
na revista Frontiers in Medicine, section Infectious Diseases — Surveillance, Prevention and
Treatment (DOI: 10.3389/fmed. 2022.862378). Neste artigo, avaliamos a cinética de anticorpos em
individuos de uma area endémica para leptospirose em Salvador, Brasil, comparando dois tempos
diferentes de coleta entre as amostras.
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Kinetics on a Subcohort of
Individuals Exposed to Leptospira
interrogans in Salvador, Brazil
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Introduction: Leptospirosis is a zoonosis with a workiwide spread that leads to clirical
manifestations ranging from asymptomatic infection to a ife-threatening dissass. The
immune response s predominantly humoral mediated imited to the infecting serovar.
Individuals Bving in an araa endermac for leptospirosis are often exposed to an ervironment
contaminated with leptospires and thers is a paucity of information on naturally acquired
immunity. In the present study, we evaluated the kinetics of agglutinating antibodies in
individuats from an endemic area for leptospirosis in Salvador, Brazdl comparing two
different intersampie collaction times.

Methods: Betwean 2017-2018, we camiad out a biannual prospective cohort with
2,088 individuals fving in an endamic area for leptospiresis in Salvador, Brazi. To compare
aggiutinating antibody kingtics using microscopic agglutination test (MAT) with different
cobection times, a subcohort of 72 individuals with quarterly follow-up was camied out
in parallel.

Results: The results revealed that using a shorter time for intersampla collection led to
tha datection of a higher number of infections and reinfection events. Furthermore, wa
observed a highear rate of titer decay indicating partial and short protection. However,
thara was no indication of major changes in risk factors for the disease.

Conclusions: Wes svaluated antbody kinetics among residents of an endamic area
for leptospirosss comparing two sample collection times. The constant exposure
to the contaminated environment incraases the risk for leptospirosis infection with
reinfection avents being more common than expected. This indicatas that tha burden
of leptospirosis meght be underestimated by serclogical surveys, and further studies are
nacessary to better characterize the humoral response after infaction.

Koywords: L " »

vy, MAT, antibody kinetics
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INTRODUCTION

Leptospirosis s a zoonosis of workdwide distibution and an
important reemenging disease caused by Pathuﬂ!‘lﬁ: q:i:rnch!lz:
of the genus Lepdospira (1], The disease is endemic in a diverse
rangs of :Fi.dnnin]uﬂil:al setlings given the ]I:iE]\ number of
amimal reservoirs that can harbar the bacteria in their kidneys
and excrete in their urine (2, 3). The trasmission in humans
occurs mainky through contact with environmental sources
contaminated with the wrine of infected animals. Rodents are
the main source of human infection and responsible for the
maintenance of the bacteria in the wrban environment (4, 5. The
clinical manifestations of the diseaze vary from asymplematic or
mild 1o severe disease such as Weil syndrome and
Il.rmnn'l:aﬁr syndrome, asociated with a lethality rate of 10 :|.m]
50%, respectively (3, 6-E).

The Waorld Health L'I:'Emﬂmﬁuu (WHO) estimates the
occurrence of more than cne million hun‘unmnnf]zptmpi:'n:is
worldwide, with more than 50,000 deaths each year, most
of which occurs in ﬂzv:ltrpu.ns countries and I:rnpiﬂl and
subtropical climate regions (9, 10). In Brazil, 13.000 severe cases
are reported per year with a lethality rate of 10.8% (11} The
occurrence of urban epidemics, in Brazil and similar regions,
is associated with envinenmental, occupational, and recreational
risk factors and the large population of reservoirs {4, 12). More
than 300 serovars can cause disease in humans and animals
{13}, but serovars from L imderrogans ies are the most
Fﬂ]'lnEﬂ'li.f and common t]\muE]uan the world {14). In Brazil,
SETOVAT l:.upenhapi. iz the learii.nﬁ cause af rpiri:m:ic: in urban
environments representing maore than 0% of infections in
Salvador with Raftus nmegftus (rat or sewer rat) as the main
carrier (11, 15}

During the course of leptospirosis infection, the immune
respanse i predominantly humoral mediated by the production
of circulating antihodies directed against the lipopolysaccharide
(LP5) and limited 1o the infecting serovar {16}, Individuals living
in reguns where lrplnq:im:i: it endemic, are fra:[l;:nﬂf beinﬂ
exposed 1o Leplospirn and there are reports of the presence
af anti-Lefrdosfira antibodies in patients recovering from severe
dizease and in individuals with no previous history of the disease,
muost likely resulting from asymptomatic infection (17). However,
there is little information on whether these indivaduals riz'\r:hrp
a naturally acquired protective immunity against infection or
severe disease (17). In the presemt study we evaluated the
kinetics of the humoral resp after leptospi infection
on individuals kiving in an wrban slum area to obtain relevant
information that may contribute to the better understanding of

the maturally acquired immunity against keptospirosis reinfection.

MATERIALS AND METHODS

Ethics Statement

This project was approved by the Research Ethics Committes
of the Ingitvie Goncalo Moniz, Fundacio Oswalbde Cruz
(EIOMCRLE), the Mational Bessmrch Ethics Councl (OONEF)
through the Certibicate of Presentation for Ethical Appreciation
(CAAE) #45217415.4.0000.0040 and the Yale University
Institutional Heview Board S1006006936. All participants

received guidance on the objectives, procedures, and risks
associated with participation ﬂurinﬁ informed congent. Minors
gave verbal consent and we oblined written consent by
their parents ar lEE:l 5|.1.a|'di:|.n_ Cnl]:ﬂial:it]r of participatan
was asgured. Laboratory results were made available 1o the
cohort participants.

Study Site and Population
A prospective cohort study was carried out in the community
of Pau da Lima (13° 32'53.47 "% 38° 4350107 ‘W), an urban
slum community of Salvador, Bahia, Brazil (Figure 1). This
commumily was described as an area of 0.24 km® made up of
three valleys, with open sewage close to the residences, places of
garbage accumulation, and risk of ooding mainly in the bottom
areas of the valleys (Figare 1]. Due to the irregular accupation of
the land and the precarious urban infrastructure, the community
of Fau da Lima presents similar conditions 1o other vulnerable
communities in Brazil and tropical regions of the world {9, 18]
Previous studies have shown that residents of this community are
in comtact with the contaminated environment throughout the
year |.E:u.|:in.E oa |:|i.3]:| risk of Izptuupirmi: infection faciliated
by rat infestation, contact with mud promoted by topographi
factors such as home elevation and i:|1:|r3|:q|.1.at: dr.:.iu.aﬁt {9, 19).
The crude rate of Leptospina infection in this community was 37.8
per 1,000 person-years with a 2. 3-fold higher rate of secondary
infection when compared to the rate of primary infection (19).
Between September 2017 to December 2018, residents of Pau
da Lima with =5 years and whao slept at least three nights a week
at home were enrolled in the biannual analysis study. During
all visits {every 6 months), bleod samples were collected for
evaluation of anti-leptospire antibodies using the microscopic
ﬂ.ﬁﬂluﬁmﬁﬂn test (MAT). P:rn:inlu]y valadated zpi.danin]nﬁil:al,
exposure and soci ic gquestimnaires were applied
annually for field data collection. At the moment of enrallment
for the bannual study, individuals with a previous histary of
leptospirosis infection determined by MAT were enrolled for
our subcohort, tegether with controbs that had no history of
infection. For this subcohort, 2 quarterly analysis follow-up was
performed (every 3 momths) for bood colbection, with a total of
five home visits 1o asess antibody kinetics. For the entire study,
we considered as exchusion criterda the following: participant not
found at the time of the team visit, refusal to participate in the
study and inability 1 |n|.—.|lz1]1.g'|:m'li|:i|un1s after three atternpls.

Serologic Evaluation for Leptospira
Infection

The blood samples collected were sent to the Laboratory of
Pathodogy and Molecular Biology at Institulo Gongalo Moniz,
Fiocruz, BA. Sera was obtained through centrifugation, and
it was 'Fm:u:zned for the presence uf:_m]uti:nl:inﬁ antibodies
against Leptospira using the microscopic agglutination test
(MAT). The MAT was Pﬂ'fl:u'rul:d with L. intmﬂgmu SETOVAr
Copenhageni strain Fiocruz L1-134, the most prevalent serovar
in the region (9, 15, 18, 19). The screening was performed
using 1:50 and 1:100 dilutions of serum. A positive sample was
determined when agglutination was ohserved on more than 50%
of leptospines compared to the contrel with no sera. If the sera
were positive at the dilution of 1:100, the sample was titrated to
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FIGURE 1 | Sum community sie n tha oty of Sabacoc Brazl. (A) Acrll photograph showing the shudy sto boundary in the communty of Pau da Uima, Brasi. (B)
Topograghc map fighightng the households parcipasng In the suboohon saudy. In Blua, househokis with uninleciad indhdcuala; It yeliow, housahaics with inleciad
Inchviduals and in rag, households with ssinfiectad indvicuals, Photographs showing sockal charactoessos (C) and envrcnmental risk facsoes (D) af the community

determine the highest agglutination titer. The presence of anti-
Leptospira agglutinating antibodies was used as a marker for
previous infection. A case of Leptospira infection was defined as
individuals with antibody titers > 1:50 at any time-point, and/or
with a seroconversion between consecutive time-points, defined
as the absence of agglutination reaction in the first sample and
the presence of agglutination with > 1:30 in the following sample,
and/or four-fold rise in titer between consecutive time-points
Reinfection was defined as participants who had two or more
infections documented based on the MAT results during the
follow-up period.

Statistical Analyses

Statistical analyses were performed using the RStudio package,
version 1.2.5033. Descriptive amalysis was performed to obtain
absolute frequencies or means and medians for categorical
variables and univariate analysis through Welchs two-sample
t-test and Pearson'’s chi-square test, with 95% CI. Statistical
significance was considered when the probability value p < 0.05.
GraphPad Prism version 7 for Windows was used to evaluate
the kappa coeflicient of agreement between collection times and
the kinetic data calculated in log10 and plotted against collection
periods. A logistic regression model was used to determine the
adjusted odds ratio (OR} (95% confidence intervals) to assess
whether MAT titers protect against reinfection.

RESULTS

Enrollment and Follow-Up of Study
Participants

During a cohort study for leptospirasis conducted from 2017-
2018, a total of 2,086 individuals were enrolled for a biannual
collection of blood for MAT assay and analysis of epidemiological

Cohort study
N« 2086
With sample collection
and MAT result
With positive result With negaive
for MAT rasult for MAT
N=339 (18%) N=1.747 (84%)
Selected 10 Selocted o
Quartarly follow Quartarly foliow
N=86 (25%) N24 (1%)
With x 4 foloas With = 4 oo
N=52 (80%) N=20 {B3%)
) S— S

FIGURE 2 | Flowchart of e study panticpants anrolment

data Among them, 339 (16%) were serologically confirmed
for leptospirosis infection. We enrolled 110 participants for a
subcohort performing a quarterly analysis follow-up. Amaong
those, 52 confirmed cases and 20 negative cases that had >4 blood
samples at the end of the study were analyzed (Figure 2).

Characteristic of the Participants
The demographic, socioeconomic and exposure information
of all the cohort participants and the subcohort are shown
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in Table 1. Most of the participants were voung adults with a
median age between 27-28 years old, with 57.8% of women for
the cohort and 50% for the subcohort, rﬂpecl.i.\':l}'. Rra:rd.inﬂ
Elhni:i.i]', there was a Fred.nrni:nl:u:z of brown race (46.5%
for the cobort and 458% for the subeohort) and <9 years
of education was reported in all groups (782 and 778%,
respectively). [nformal emplovment was described by 36.6% of
the cohort and 50% of the subcohort participants. Construction
work (B6% for the cohort and 6.9% Ffor the subcohort) and
waork related to E:ll.'h:.ge removal (3.5 and ®.7%, rﬂ'plﬂ:hmdﬂ
were most described activities in the groups. The median per
capita household income was smilar among growps, with USE 4.7
daily for the cohort and USS 4.3 daily for the subcobor. Among
the exposure variables, in all groups open swage was reparted

by Biaswiiial 1ollow -ug
falborw -
Indecticn  Reinfection Mo infection  Total
Infiacton 2 2 B 2
Radniacion i3 10 2 =
Tl i o a ] =
Total 25 12 a5 T2

< l0m from the house (70.2 and 69.4%), contact with sewage
(37.2 and 45.8%), contact with Boodwater near home (39,4 and
55.6%), contact with mud near home (45.5 and 62 5%) and 14.9%
of the total cohort r\e‘Pm-tEd rJ.E:u‘l:inE Haﬁel’nlﬁrﬂrﬂ |:|:|r 13.9% of
the subcohort group.

The kappa statistics for leptospirosis case clssification at
the different collection times was 048 (95% Cl: 0.32-0.63),
achieving moderate agreement (Table 2). In this evaluation we
identified differences in leptospirosis case classifications when
comparing biannual analyss and |:||.1.:|.|.'|.ﬂ'|.]' arLaJ:r:i: collections,
mainly between the infected vi reinfected and no-infected
vi infected groups. When performing a biannual analyss, we
identified 25 (34.7%) infections, 12 (16.6%) reinfections and 35
(48.6%) negative individuals, while in the quarterly analysis, we
identified 22 (30.5%) infections, and 25 {34.7%) reinfections
amd non-infections, each. There are 13 {18%) individuals that
would be dassified as reinfection rather than infection when
performing a quarterly analysis {Table 2, Figure 3). Furthermore,
the quarterly analysis identified an extra 8 (11%) individuals
as infection and 2 (28%) mdividuals as reinfection rather
than no-infection determined by the biannual analysis (Table 2,
Supplementary Figure 51). In contrast, there were only 2
individuals classified as reinfection h:f the biannual analysis that
would be considered as infection by the quarterdy evaluation
(Table 2, Supplementary Figure 1) The multivariate analysis
did pot find an association between MAT titers and reinfection
{Table 3). Taken together, those results indicate that the decay of
agglutinating antibodies is shorter than expected in individuals
E:Pmed. tLex leptn:l:rirﬂ without severe symplioms, and the time
between assessment of those antibodies can influwence the number
of infections and reinfections. Further, our data suggests that
agglutinating antibodies might not be the ideal correlates for
naturally acquired immunity against reinfection.

Agreement Analysis

The distribution of MAT titers of samples positive for the
Fiocruz L1-130 strain amd their frequencies are listed in
Supplementary Table 51. Of the tol, 47 (65%) had anii-
leptospire agglutining in the quartedy analyss collection while
37 (51%]) in the biannual analysis collection. Most participants
in the proup with qu:.rt:rh' an:.]:f:i: collection had low titers,
with 62% ranging from 1:50 (28%) to 1:200 {21%). The highest
agglutination titers in the biannuwal analysis collection period
were observed at the 1:400 dilution (41%). Those resubts indicate
that most of the exposures lead 1o low agglutinating titers.

Feonfiers in Madkoirs | wewna inom srsin ong

Al 00T | Vokuma B | Aridcka BEZITE

45



Amiibody Finalics Aller Logriasp

T T
0 IR0 ITD JED &
Tima (days|

Mg —r—TTTT
0O 1B ITO )BT

Cesin Exp
lredividual 3 Individual 4 Indrsiduad &
y I ang 4 l 1
Eod f o e | 2 N
b \ L 1 "":' II "
£l A |I I B L] |I L]
A | Il !
L ) i - 1 -1
b I|' | - b -
'-\.‘-II .'I -II 3‘ '.:I 3
My - i " i i "
- i b b
LA L L 4 W 1M I 1M L LI U ELE R LI LR B e e i B dE
Tima (dirys| Tirres |carys) Tima idarya Tima |chiny Tirtw (s}

Tima idarya| T idinya]

Thne (days]
Individual 11 Tedividual 12 Individual 13

fw § o i g--—ﬂ’#

o I o
; o ; we | r ! L]

. | )

= I I Y =
T RN

e T T T T YT R EL T I M

FIGURE 3 | Timtion cunes in kgl 0ol indvicuals dassiled as reinfeciion intha guarniesy analysis ja) and inlkaciion in e bHannual snabyss G ot diflerem times jdays)
off poliaoton

Tima idaya |

Biannual vs. Quarterly Follow-Up Analysis
We then evaluated the characteristics of the subcohort
participants stratified by infection and non-infection based
on different collection times (biannual vs. quartedy analysis)
(Table 4. The variables age (p < 0001 and p = 0.O005) and
cleaning sewage (p = 0003 and p = 0.033) were associated
with a higher chance of infection for both groups with different
collection times. Furthermose, mformal emplovment (p =
0.013) for the quarterly analysis collection group and being
married or having a stable union (p = 0.032) for the biannual
were also associated with a higher chance of infection when
compared to the non-infection group (Table 4). A mare detailed
analysis of the participants per collection time stratifying
the infection group by single infection and reinfection event
showed that cleaning sewage was the only significant risk
for infection (p = QM) on the quarterly analysis group
(Supplementary Table $2). For reinfection, age (p = 0.03) and
infermal employment (p = 0.01) were bath associated with
a higher rsgk (Supplementary Table 52). A similar analysis
using the biannual analysis data showed that variables age and
cleaning sewage were both significant risks for infection and

reinfection  (Sapplementary Table 53).  Interestingly, having
a married or stable unien (p = 0T} showed as a risk jor
infection on the biannual amalyss (Supplementary Table 53).
There was no statistically significamt difference when comparing
the infection and reinfection groups in both analyses with
different collection times. Those resubts showed that despite the
differences of infections and reinfections rates among the two
different analyses, the risk for overall infection is similar in both
groups, indicating that the time between serological evaluation
might not have a major impact on the sutcome of risk analysis.

DISCUSSION

The immunity against leplospiresis is based on a short-term
humaoral response for humans and animals (14). However, the
few existing studies that report the kinetics of antibodies were
performed in clinical patients associated with disease severity
(20, 21} or in experimental animal models (14, 22). Evaluating
antibody kinetics in individuals with natural Leptosping infection
will |1:|P to better understand the duration of the immune
response after infection, the course of infection, and the dynamics
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400 0. 016 =354 OLTBE 1ED 0,45 = B.72 0438

=ED0 101 019 =544 oL 034 DuOR = 3.2 0.3

OR = Ookoks Rate.
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of protective immunity. In this study, we had the opportunity
to evaluate the kinetics of the antibody response and the Betors
assnciated with exposure o ]:Ptn:lpi.rnn': in naturally infected
individuals with asymptomatic infection comparing a biannual
and a gquarterly serological analysis. Among the 72 individuals
who participated in the subcohort with =4 quartedy collections,
we found that 65% had circulating anti-Leprospim antibodses.
The variables age (p < 0,001 and p = 0.005) and cleaning

I:P = (.003 and = 0.033) were associated with a |:|i.5]:|-:r chance
of infection in both analyses.

The time of blood collection between samples can affect the
number of infection and reinfection of leptospirosis. A recent
study applied a titer decay rate on the serological data of the same
Fupulntinn in Salvador, Brazil and identified a |:|i.;5_|u:|' number of
miean infection rate on the biannual analysis and even hiEI:ler
when applying the decay to annual analysis (23). In agreement
with this report, our quarterly serological analysis identified a
higher number of leptospirosis infections and reinfections events
in gur population when compared with a bfannual analysis,
suggesting that exposures to the leptospiresis pathogen in this
urban slum setting are frequent if oot ubiguiteus. Given the
constant high risk for exposure to the pathogen observed in this
community either by the environment (%, 18] or by the high
mohbility of @ts inhabatants (24} and the bias that a reexposure
and potential boost of titers can do to titers decay (23], it
might be impossible to caleulste an accurate twer decay. This
limitation can affect the correct incidence rate, data comparison
among different longitudinal cohort studies and potentially risk
assessment for exposure. Further considerations should be made
on rlrd.l.l.cinﬂﬂ'r: lhmufnu]nﬂi:al evaluation DTI'P'P]j'iDﬂ decay
rates estimations bo take into account the differences observed
here on titer decay.

Our results indicate that the humoral response detected by
MAT ix relatively short and provides partial protection against
reinfection. Previcus studies have reported that individuals
with ]:Ph.upi.rni: were le:cll:d against reinfection by the
same Leptospira serovar or by related serovars for a short
period (25, 25). However, a recent study from French Polymesia
showed that individuals with a first infection might not be
protected against subsequent reinfection (Z7). In our study, when

perfurming a quarterly analysis, we observed that agglutinating
antibodies have a short life span with titers wp 1o 1:200
dinp'plcm'iuﬂ after 90 days. Also, our analysis showed that
agplutinating antibudies don't seem o afect the rsk for
subsequent infection. These results are in agreement with
previous data that showed that constant exposure and pre-
existing anti-leptospire antibodies did not provide complete
immumity (19). Of note, most of the titers observed in our
|:||.L:.|.r|::|:|5.I analyss were low, with 62% Tanging between 1:50
and 1:300. A recent study of an attenuated vaccine has
shown that antibodies against proteins rather than agglutinating
antibodies are correlated o protection (28). It is possible that
individuals in this community, which are ofien being exposed
o an environment contaminated with ]:Ptl:upi:ﬂ, have built
an immune response amilar o a live vaccine that reduces
symptoms in case of reinfection and potentially providing cross-
protection between unrelated Leptospira serovars (5, 25, 30}
Further studies to better characterize the immune response after
infection, focusing on Band T cell responses and memory, would
provide valuable information about potential markers (o protect
againg reinfection.

The time of sample collection and the higher infection rates
don't seem to affect the major risk factors for leptospirosis
infection. Despite the assumption that a more suitable analysis
leading to higher infection rates could potentially affect the
observed risk factors for the disease (23) our results indicate
that regardless of the period of analysis the potential risks for
infection are similar. Transmission dynmamics and sk Factors
for Leptospira infection and reinfection are associated with
environmental, dEEHIEm‘P]'IiC, and  individual EXPOSUTES. Chur
results chow that risk factors for infection in this commaunity
corroborate previous studies (9, 18, 19). The chance of acquiring
anti-leptospire antibodies was more frequent in young adulis
with <9 years of schoaling, regardless of the time of collection.
Although gender was not identified as a risk factor bor acquiring
infection in our study, several others consistently repart that
men in working age groups are at higher rigk (9, 10, 15, 31, 32}
In our study, being married or having a stable relationship was
associated with a risk of infection. We also found that in this
group 69% (11/16) of individuals with infection were women
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against 25% (4/16) of men. A study in Cali, Colombia, showed
that the female gender was directly associated with the risk
of Leptospina infection and that domestic factors may play an
important role in transmission, particularly in wrban slums (33,
34). Anather possibilaty to explain this finding is related to Gctors
such as age and exposure time. We observed that the general
migan age in the group of married individuals with infection was
33 years, while for single mndividuals with infection it was 27
years. Cur Andings may be explained by the fact that being older
resulted in longer exposure time and a greater risk of infection.
Recently, astudy on the same area showed that increasing age was
associated with an increased risk of Leptospira infection, and that
infections in this area can occur year-round (33). Infection is also
often asseciated with occupational activity such as working in
civil construction, working with garbage removal, and informal

employment (9}, the latter was also identified in our study.
We also identified individual exposures related to the home
environment such as contact with mud, standing water in the
vicinity «f the home, and especially sewage cleaning, which was
associated with an increased risk of infection in both anabysis and
has been reported as a risk factor for Leprospina infection (9, 19).

This study has some limitations that should be considered.
The sample size of the quarterdy analysis was mt ideal for some
of our analysis. Longitudinal cohort analysis are bogistically and
fimancially troublesome, which is reflected on the few studies
conducting such experiments on leptospirosis and the choice
1o make biannual or annual measurements (%, 18, 19). For
that reason, we decided 1o select a sample of participants whe
had confirmed nfection at the time the bianmal survey was
carried oul. In addition, 35% of subjects in the subcohart did
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the study area, which is a common issue in longitudinal studies.
Deespite thoke limilations, we were able to identify ﬁpﬁﬁm:11
differences in our analysis that agreed with previous studies,
indicating the validity of our results. The MAT is the gold
standard test recognized by the WHO, but it is a laborious
test, subjective and requires experience from the reader. Further,
the MAT does not differentiate past from current infection.
Those Lmitations from the MAT are a common feature for
several serological assays and always present on leptospirosis
studies (30, 36, 37} To minimize impacts on MAT results in
our study, anly a well-trained and experienced technician was
responsible for all readings. Our group has been working in
Salvador, Brazil and in the community of Pau da Lima, where
this study was comducted, for over 20 years. Since then, we
have reduced our panel of MAT strains given the extensive
knowledge of circulating strains and reservodrs (9, 18, 19% Our
previvus studies have shown that over 90% of severe cases of
beptospirosis (15) and 90-98% of infections in the community
are related wo L inferrogans serovar Copenhageni. Furthermore,
B0% of rats captured in the community {9, 1%, 19, 38) were
cubture positive for leptespirosis, and the serovar Copenhageni
was the only one solated (39). The focus of our fudy was o
understand the role of aﬁlu.linalug antibadies on the maturally
acquired immunity againg reinfection, and to have statistical
power our analysis were based on the most Fl'c'lﬂjﬂﬂ: SErovar
in gur study site, L. inferropans serovar Copenhageni. For those
reasons we didn't evaluate aﬁshﬂ.in.alinﬂ antibodies for other
serovars, including L biflexa serovar Patoc, commonly used as
a control. Titers of 1:25 ar 1:50, as well as |:|L5J:|:r tilers, were
directed against this serovar in our precious studies (9, 18, 19),
indi.vﬂti.uE that this cutedf was a :Pc:i.ﬁ.c and more sensitive
criteria for dentifying prior infections in a region where a single
serovar agent is -:i.n:u]ati.n.ﬁ, Owr study site has Hﬂlﬁ]‘.l.p"ljcﬂl and
m-:i.al-ﬂ:uwf,r.lp}hic features that are t‘ﬂ-}':i:nﬂu.rwnlhzrr:puus
ol the world where leptnrpumu i%a pl'nl:rl:m. Furthermare, the
L. interrogans is the most common species related to human cases
al ]:Ptl:upi.rnn': around the H]nl:-: {14} .:'I.'L.IHH.LSJJ our results can
be generalived 1o the context of urban leptospirosis worldwide,
considerations should be made given recemt reports in a mice
muodel that different strains can lead 1o different levels of immune
respanses (14).

In summary, we reported antibody kinetics in individuals
from an endemic area for leptospiresis showing that frequent
exposure to the comtaminated environment is an important
factor on the infection amnd reinfection rates of the disease,
which are direcily afected by the time of intersample
collection. Our study also suggested a rapid decay of the
humoral response related o agglutinating antibodies and a
short-lived naturally acquired immunity against reinfections.
Furthermore, our results indicated that serological surveys may
be underestimating the burden of Leptospira infection and
potentially the risk jor disease. Further studies are needed
to evaluate memory B cells and to assess the humoral
response of individuals with previous leptospirosis infections,
that coukd help better to understand the naturally acquired
immunity of this important neglected disease and close the

I:nnw]l:dﬂr gap an correlates of immunity that can be wsed 1o
improve prevention.
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5 DISCUSSAO

A leptospirose é uma doenca endémica em varias regides do mundo e apresenta uma grande
variedade de manifestagdes clinicas (WHO, 2003). Embora 0 mecanismo de protecdo na
leptospirose ainda ndo seja totalmente conhecido, estudos demonstraram a contribui¢do das
respostas imune humoral e celular contra a doenca (ADLER; FAINE, 1978; FAINE et al., 1999).
Entretanto, pouco se sabe se individuos de &reas endémicas desenvolvem imunidade protetora
adquirida naturalmente contra infeccfes ou doencas graves, ja que a exposi¢cdo ao ambiente
contaminado com Leptospira é frequente (TUERO; VINETZ; KLIMPEL, 2010). Compreender a
resposta imune humoral envolvida na doencga é um passo importante para obter informacgdes que
possam auxiliar no desenvolvimento de vacinas mais eficazes e duradouras contra a leptospirose.

No primeiro manuscrito desta tese sdo apresentados resultados de uma investigacdo que
avaliou o padrdo sazonal na ocorréncia de infeccBes por Leptospira em Salvador-BA.
Tradicionalmente, a leptospirose estd associada a chuvas e inunda¢ées no mundo e no Brasil
(COSTA et al., 2015; KO et al., 1999; LAU et al., 2010). Nossos resultados mostraram que a
leptospirose estd associada a precipitacdes que ocorrem em ambientes urbanos e que a exposicao
ao ambiente contaminado com Leptospira pode ocorrer durante todo o ano. Estudos anteriores
relatam que chuvas e inundacgdes podem ser importantes fatores de risco para a leptospirose humana
pois a chuva frequente pode liberar solo contaminado por Leptospira na agua, propiciando um
ambiente ideal para a sobrevivéncia da bactéria (DHEWANTARA et al., 2019; LAI et al., 2017,
LAU et al., 2012; MWACHUI et al., 2015). Epidemias de leptospirose urbana estdo associadas a
chuvas intensas, afetando principalmente comunidades vulnerdveis. Devido a precarias condi¢oes
sanitarias e de infraestrutura e grande infestacdo de roedores, essas comunidades fornecem um
cenario ideal para a transmissdo da leptospirose (FELZEMBURGH et al., 2014; HAGAN et al.,
2016; KO etal., 1999; REIS et al., 2008). Nossos resultados mostraram que a incidéncia cumulativa
na infeccdo subclinica foi mais elevada, contrastando com o padrdo classico de leptospirose grave
relatado pela literatura (BHARTI et al., 2003; KO et al., 1999; LAU et al., 2012), sugerindo que o
impacto da leptospirose é subestimado. Este estudo apresentou algumas limitagdes, como o uso de
apenas um critério para definicdo de infeccdo o que impossibilitou determinarmos o momento

preciso da infeccéo, além de realizar o inquérito em uma unica comunidade da cidade de Salvador.



53

No segundo manuscrito da tese, é apresentada a taxa de decaimento de titulos de anticorpos
anti-Leptospira medidos por intervalos de coletas entre seis e doze meses. Nossos resultados
mostraram um nimero maior da taxa media de infeccdo semestral de leptospirose quando
comparada a andlises convencionais. Entretanto, esta diferenca foi ainda maior quando comparado
com a analise anual. Estudos anteriores identificaram que moradores dessa comunidade
apresentavam fatores de risco para infecgdo como a constante exposi¢do ao ambiente contaminado
com leptospiras e alta mobilidade de seus habitantes (FELZEMBURGH et al., 2014; HAGAN et
al., 2016; OWERS et al., 2018; REIS et al., 2008) e isso pode afetar o calculo preciso das taxas de
decaimento levando a possibilidade de determinar corretamente a taxa de incidéncia. Esse artigo
apresentou limitagdes como uso de um unico conjunto de dados publicados sobre estudos
longitudinais em humanos utilizando 0 MAT para ajuste do modelo.

No terceiro manuscrito desta tese, sdo apresentadas a cinética de anticorpos e fatores
associados a exposicdo a leptospirose em individuos da comunidade de Pau da Lima em Salvador,
mediante comparacdo entre analise soroldgica semestral e trimestral. Em nosso estudo, utilizamos
como marcador de infecgdo a presenca de anticorpos aglutinantes anti-Leptospira detectados no
MAT, teste considerado padrdo-ouro pela OMS para o diagnostico da leptospirose. Entre os 72
individuos recrutados para a subcoorte, 65% (47) apresentavam anticorpos anti-Leptospira, 0s
quais formaram o grupo de positivos. Os demais 35% (25) foram negativos em todos os periodos
examinados, constituindo o grupo controle. Vale destacar que nossos achados demonstraram um
maior numero de infeccdes e reinfeccBes quando utilizada a analise trimestral. Estes achados
demonstram a relevancia da realizacdo de analises trimestrais para identificacdo de casos de
reinfeccdo na leptospirose. Uma possivel explicacdo para esta diferenca seria que individuos
avaliados podem estar expostos as mesmas fontes de contaminagao ou a comportamentos de riscos
que levam a se infectarem. Encontramos também um namero varidvel de infeccdes e reinfecgdes
nestes individuos, sugerindo que a resposta humoral em nossa populacdo é curta e ndo protege
contra a reinfeccdo. Apesar de estudos relatarem que a imunizagcdo com leptospiras vivas atenuadas
e mortas protegem contra a infec¢do no modelo animal (ADLER; DE LA PENA MOCTEZUMA,
2010; MCBRIDE et al., 2005) e que anticorpos contra proteinas estdo correlacionados a protecéo
(WUNDER et al., 2021), poucos estudos relatam sobre a reinfec¢do naturalmente adquirida. Em
um estudo realizado na mesma comunidade foi relatado que exposicdo prévia e infeccdo néo

conferiram uma protecdo completa contra uma infeccdo subsequente (FELZEMBURGH et al.,
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2014). Também foi relatado que a protecdo contra reinfecgdo pelo mesmo sorovar Leptospira ou
por sorovares relacionados é curta em individuos com leptospirose (GRILLOVA et al., 2020;
GUERREIRO et al., 2001; LUPIDI et al., 1991). No presente estudo, identificamos também que
independente do tempo de coleta e andlise realizada, os fatores de riscos para aquisicdo de
anticorpos anti-leptospiras na nossa populagéo ndo se modificam e estdo associados a exposi¢des
demograficas, individuais ou ocupacionais. As principais limitacdes deste estudo foram o tamanho
amostral para a subcoorte e a perda de acompanhamento, o que nos impossibilitou de realizar
algumas analises e, a utilizacdo apenas do MAT que é um teste subjetivo. Porém, as diferencas
encontradas estdo de acordo com estudos anteriores (FELZEMBURGH et al., 2014; HAGAN et
al., 2016).



55

6 CONCLUSOES

¢ Nossos resultados mostraram a associacao entre chuvas e casos de leptospirose;

e A exposicao frequente dos individuos ao ambiente contaminado com Leptospira é um fator
importante para as taxas de infeccéo e reinfecgéo;

e O tempo de coleta é importante para identificacdo de casos de infecgdes e reinfecgdes;

e A taxa de decaimento de titulos de anticorpos é um critério importante a ser considerado
nas taxas de infeccao;

e Os dados também sugerem que a resposta humoral com anticorpos aglutinantes contra
Leptospira é relativamente curta e protege parcialmente contra reinfeccao.
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Apéndice A - Artigos

Durante o periodo de meu doutorado participei ativamente na colaboracéo de dois trabalhos
com estudos em dengue, quatro com estudos em Zika e trés com estudos em leptospirose, nos quais

sou co-autora. Seguem abaixo:



LETTERS

One day after admisson, the patient was discharged
with empinically prescribed cgprofloxacn and metronida-
zode for 7 days. After 4 days, acrobic biood culture was
pasitive for motile, fusiform, gram-negative bacilhi, sug-
gestive of strictly serobic bacteria that could not be identi-
fied derectly (Figure, panels B, C). Afier 7 days of inca-
hation under a microaserophilic atmosphere only, a blood
subculture solate was obtained; 23S and 168 rDNA se-
quencing (oaline Technical Appendix, http://wwwnc.ode
sov/ElDVartche/2272/15028 7. Techappl pdf)  sdentifiad
this ssolate as /. rragonnmem. Of note, use of matrix-assisted
lzser desorptronsonization time-of-flight mass spectrom-
etry (Bruker Daltomik GmbH, Bremen, Germany) did not
enable Wentification of the bacterum.

No common pathogens were detected in fecal samples.
Upper and lower gastrointestinal endoscopic examenations
condocted | momth after discharge revealed no notable
aboormalities. No immunocompromesed condition was
found. At most recent follow-up examination, the patient
was free of symptoms.

The genus Helicobacter curently compnises 48 for-
mally named species belonging to the gastric or enterohe-
patic group according 1o their ecologic niche. Ji. trogantum
({enterohepatic group) has been isolated from apparently
health ansmals (rat and peglet intestinal mucosa and swine
feces), but s characteristics are typecal of pathogenic bac-
tema ([2,3], online Techmical Appendix). The apparent m
vitro susceptibility of the msolate 30 metronsdazole and the
favorable patient owcome reported here are in agrecment
with the finding that metronidazole is an effective reatment
foe M. trogownum infection m mts ([4]; onlime Technscal Ap-
pendix), but there are no antimicrobal drug susceptibility
data for /. wogontum isolated from animals We assume
that the immunocompetent patient reported here had chrom-
ic colitis caused by M. trogomium, followed by an episode
of acute colitis with bacteremia afler several years of inter-
mitient symptoms

The ranty of reported /. rrogonmen mfectsons might
be limked to the difficulty associasted with cultunng and
wdentifying the hacterium or to a low level of expasure to
this pathogen The mode of transmussion, probably from
ansmals to humans, remains unclear. Methods for isolation
and rapid wdentification of M. vrogontum, inchoding the ap-
dating of matrix-assisted laser desorption/iomization time-
of-Hight mass spectrometry databases, are needed for fur-
ther elucidation of is pathogense properties and the mode
of contamination.
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To the Editor: Dengue is an underreported discase
globally. In 2010, the World Health Organization recorded
2.2 milhon dengue cases (/). but models projected that the
number of sympiomatic dengue cases might have been as
high as 96 million (2). Brazil reposts more cases of dengue
than any other country (/); however, the degree of dengue
underreporting in Brazil is unknown. We conducted a study
10 evabmte dengue underreporting by Brazil's Notifiable
Diseases Information System (Sistema de Informacho de
Agravos de Notificagdo [SINAN])

From Jansary |, 2009, through December 31,2011, we
performed enhanced survesllance for acute febrile iliness
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Abstract

Background

Rapid disgnosss tests ({RDTS) are easy tocarry out, provide fast results, and could poten-
tially guide medical ireabment decisions. We inrvestigated the perfomance of a commercially
avlabbe AOT, which simultaneously detects the nonesiructursl 1 (M51) dengue vins

(DENV) anfigen, and Ighl and IgG DENY antibodies, using representative serum samples
from individual in a dengue endiemic anea in Salkadar, Brazil

Methodology/Principal findings

‘e evalusted the accumacy of the SD BIOLUINE Dengue Dua ADT (Abbott, Santa Clara,
LISA; fomer Abere Inc, Waltham, LESA) in a random collection of sera. Samples incuded
aafne-phase sera from 246 laboraiory-confirmed dengue ceses and 108 non-dengue febrile
patients enralied in a surveillancs study for dengue detaction, 73 healthy conbrols ving in
the same surveilance community, and T3 blood donors. ADT acouracy was blindiy
asxeoond basad on the combined results for the N51 and the ight best components. The
RDT sersitivity was 48, B (38.6% for the NS1 companent and 13.8% for the Ighl compo-
rent). Senstivity was greater for samples obtained from patients with secondary DENY
infiections (49, 8%%) compared ba primary infections (31.1%) (P: 0u02) and was alsa influenced
by the ressull in the: confimatony dengue diagnastic test, ranging from 357 for samples of
cases confimmed by Ighd-ELISA serocomeersion between paired samples to 80.4% for sam-
ple=s of cases confirmed by a positive MS1-ELISA. The RDT specificty was 94.4% for non-
dengue febrile patients, B7. 7% fior the community healthy conirals, and 95.5°% far the blood
dhanors,

PLOS OME | hiipscidoiong 0, 1371 foum el pone 0213301
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Correspondence I

Does immunity after
Zika virus infection

cross-protect against
dengue?

Zika and dengue winses ane closdy
redatod flavivinuses, withimmunokogical
ineractions and identical urban,
mosquite-borne  tranemission.
Therefore, the reoent introdoction
of Filka wines o the Amsrcas and
lasge-scake exposure of a unifomely
previcasly unesporsed population could
affect subseguent transmisshon of
dengue winus. This hypothesis Fad bean
untested, largely because sufficknt
epideri plogical data wene not aailable
feom: affected locations. We

this hypothesis in Salvador, the fourth
largest city n Brazil (population
2.9 million), whee estendsiv
tranemission of dengue vinses 1-4%
oorursed befoew the: introduction and
speead of ik vinus in 2015,

We have dons continuous en-
hamnted surveillance of dengue
among patients with aoste febrile
illness in & slum comenunety of
Sabador (population 76 353] since
Jareary 2009, axoept for the periods
Saptember, 3013, to September, 2004,

and August to Septembern, 2016 The
surseillance wan first interrupted in

2013 with the termination of the
suppoating resaanch grant, suneidlance
wat restarted in 2004 with funding
froen & new award. The second
inbemuption wes due 1o the dosing of
th hiealth ce mine for @ intenanoe.
Bafare 2015, the freguency
of ET-PCE-positivity for dengue
virus. followed a pattern of anneal
second-quarter o thind-guarter peaks
(figura &). By contrast, & much smaller
peak oocunsed in 2015 during the Zika
vines apidemic, and no paak oorumed in
2006 and 3017, whesn RT-PCR posithity
for denguee virus was arcund Dero.
These findings repeesented a significant
decreass in the feequency of confimesad
deTee Wine amaong outpartients with
acute febrile iliness. From 484 (25%)
e of 1537 before the Tl vins out-

et DA oo Peach weld Febnusry 3Ea0

break from anuary, 2009, 1o March,
2045, to 43 (3%} of 1334 after the
outhreak from April, 2005, to May,
2017 (pe0-000L: appondi].

In Septembar 2004, we suyranted
oo dengue surveillance by adding
routing testing for Dka vius and
chilungunya winee OF 1407 patients
with acute febrile ilress tested for Zika
ving, 14 (1%} cases were confinmad by

RT-FCR. The first was oonfimmed in May,
205, with 2 peak in the romberof @ses
duriry April to [une, 2005 (11 [4%] of

285 tested patients) By comirast with e el o sppesdc

thie minimal detection of dengue in
2015, a lege outhreal of duileumgurn
wirus ocosmed at the sursllance site
in the same year. The frequency of
ET-PLE-posithen of hghl-ELISA-positive
cases of chibsngunya visus among
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Risk of Zika microcephaly correlates with features of

maternal antibodies

Davide F. Robbiaas* @, Precila C. Olsen'**, Federico Costa'™*, Qlao Wang* @, Thiago Y. Olwoira®, Nivisan Nary |r%, Adecly Acomalaran’,

Matous S. do Resdric®, Gielson A Sacramanto®, [aqueling S. Cruz®, Ricasdo ¥houri®, Elsio A. Wunder )r.'@, Adriana Matwos®, Bruno de Pauda Froitas™,
Mancel Sarna?, Gradnda Acchan®, Dina Daltro®, Gustawo 85 Carvabo®, Xicher Pimemtel”, ladora C. da Siqueea* @, Jolo RM. de Almaidi@,
Dandela F. Harnquas's, jukana A Lma®, Pedro F.C Vasconceles™, Dennis Schasfor-Babajew’, Stephanie A Azzopard?, Leonia Baezaccod,

Amna Gaxumyan’, Rubers Salfont 5@, Ana P. Alclotara', Gustavo Caevabhio®, Lica Morsira' 4@, Katiad Acauo™, Mizermayer G. Raish A,

Robehah & Koaslor!, Lark L Coffey, jennifor Tisoncik-Go' 7%, Michasl Galo Jr 26 020 1N@), | kechrmi Rajagogal®®222, Kristina M. Adams Waldor 2.1,
Dawn M. Dudley '@, Haathar A Smmons™, Andres Mefia**@, Dawid H. O'Connor®™, Rosemary | Steinbach™, Nicole Haeso™ 5@, jessica Smith™,
Anre Lawk”'@, Lok Colgin™, Victora Roberts™, Amonio Friaa™ ¥, NMesedith Kelicher™ @, Alec Hirsch™%, Daniel N. Steblow™#*, Chardes M. Rice?,
Margamt & MacDonald'®, Amonio RP. de Almeoida®, Keon KA Van Rompay™t 5* @, Abert | Xov7* @, and Michel C. Nussenzweig " @

Zika virus {ZIKV) infection during pregnancy causes congenital abnormalities, including microcephaly. However, rates vary
widely, and the contributing risk factors remain unclear. We examined the serum antibody response to ZIKV and other
flaviviruses in Brazilon women giving birth during the 2015-2016 outbreak. Infected pregnancies with intermediate or
higher 2IKV antibody enhancement titers were at increased risk to give birth to microcephalic infants compared with those
with lower titers (P < 0.0001). Similarly, analysis of ZIKV-infected pregnant macagues revealed that fetal brain damage was
more frequent in mothers with higher enhancement titers. Thus, features of the maternal antibodies are assocated with and
may contribute to the genesis of ZIKV-associated microcephaly.

Introduction

For decades, infection by Zika virus (ZIXV) went either unrec-
ognized or occcurred ouly sporadically and was assoclated with
mild sympeoms. ZIKV was detected In Brazil in 2015 and speead
rapidly, reaching infection rates exceoding 60% (Zanheca et al,
2015; Netto et al, 2017; Rodriguez -Barraquer et al,, 2019). During
the Brazillan ZIXV outheeak, it was recognized that coagenical
infection can cause fetal abnormalities, including visual and
bearing mpatrment, skeletal deformities, and microcephaly,

NY, Homad Haghes Vedhcal Inatitute, The Sochafelier
Yoy Laborstory of Medesd Moleculs

with an overall prevalence of microcephaly esttmated a1 27 o
5.8% of live bisths from ZIKV-infected pregmancies and with 2
global rate of adverse cutcomes exceeding 40% In some reglons
(Brasid et al., 2006; Kleber de Oliwelra et al, 2016, Rasmussen
et al, 2016 Coelho and Crovella, 2017; Hoen et al., 2018). Why
some ZIKV-imfected pregnant women deliver apparently
bealthy newboens while others have bables with microcephaly
Is unknown.
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Impact of preexisting dengue immunity on Zika virus emergence
in a dengue endemic region
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Social determinants associated with Zika virus
infection in pregnant women
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Abstract

This study aims ba describe the saciodemographic deteminants associabed with
expasure 1o Zika Yins (ZIKV) in pregrant women during the 20153016 epidemic in Sabva-
dar, Braxil.

Methods

Wi rescnuitesd wamen wiho garee birth betwesan Oclober 2005 and January 2018 0 a
crass-sectional study at a referral matemsty haspital in Sahvadar, Brazl. We collected infar-
malion on their demographic, socioeconomic, and clinical characienistios, and evaluated
their ZIKV exposune using a plague reducion nesutralization test. Logestic regression was
then used 1o asses= the relationship bebween thess social determinants and ZIKV axposue
Slatus.

Resulis

e included 4658 pregnant women, of whom 61% had a pasitve ZIKY resull. Mularniate
analysis found that lower education (adusied Prevalence Rale [aPR] 1.21; 88%C1 1.04—
1.35) and food irssscurity (aPA 1.17; 85%C1 1.01-1.30) were positively assocated with

ZIKY exposure. Additiorally, age was negatively associates] with the infection sk (aPA

098 a5%CI1 0970 95).
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Distinct antibody responses of patients with
mild and severe leptospirosis determined by
whole proteome microarray analysis
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Abstract

Background

Leptospiross is an important zconotic disease worldwide. Humans usually present a mid
non-specific jebrile iliness, but a proportion of them develop more severe oulcomes, such
as multi-organ falure, lung hemorrhage and death. Such complications are thought %o
depend on several factors, induding the host immunity. Protective immunity i asscciated
with humoral immune response, but little is known about the immune response mounded
during naturslly-acqured Leplospiva irdection.

Methods and principal findings

Here, we used protein microarray chip 1o profile the antbody responses of patients with
severe and mild leplospirosis against the complete Lepfospiva infermogans serovar Copen-
hageni predicted ORFeome. We discovered a imited number of immunodominant antigens,
with 36 antigens specific to patients, of which 11 were potential serodiagnostic anligens,
identified at acute phase, and 33 were potential subunit vacone targets, detecied after
comes: in the severe group, overall igM responses do not change and IgG responses
increase over time, while both igM and IgG responses remain stable in the mild patient
group. Analyses of individual patients’ responses showed that >74% of patients in the
severe group had significant IgG increases over time compared to 29% of patients in the
mild group. Additionally, 0% of Igh responses did not change over Sme in the mid group,
compared 1o ~51% in the severe group.

PLOS Noglecied Tropeal Dssases | DOL10. 1371 ounal prad 0005349 January 31, 2017 LRA TS
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Prospective evaluation of accuracy and clinical
utility of the Dual Path Platform (DPP) assay
for the point-of-care diagnosis of leptospirosis
in hospitalized patients
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Abstract

Eaty detection of leplospirosis with feld-ready diagrostios may improse dinical manage-
ment and mitigaie outbresics. We presiously validated the point-of-care Dual Path Plallarm
{DFP) for leptaspirasis with Sera in the labaratory. This prospectine sbudy compares the
dizgnestic accurscy and chrical ulility af the DPP wsing finger stidk blood (FSB) against e
serum PP, venous whale blood (VWE) DPP, Ight-BLISA, and dinical impression. We
sequentially enmlled 98 patients hospitalized for acute febrile illnecoes, of which we con-
firmesd 32 by lepbospirass reference tests. Among syndromes consisbent with classc lepta-
spirasis, e FEB DPP showed similar sersitivity and specificty (Se 53% and Sp 80%), and
pasitve and negatve predictive values (PPY 74% and NPY 95%), to VIWE DPP (S B6%,
Sp TE%, PPV 68%, and NFY 87, serum DPP (Se 88%, Sp 87%, PPV T9%, and NPY
51%) and Igh-ELISA {Sa 81%, Sp 100¢%, PPV 100%, and NPV 90%). The FSB DPP pro-
wided a favorable likelihood ratio prafile {pasitre LR 4.73, negative LR 0.09) in comparisan
to other assays and chrical impression alone. Addiionally, we identified four of five leplospi-
rasis-assncinied meningitis patients by whale blood DPP, none af which dinicians sus-
pecied. This demonsirales paltential for e DPP in outine detection of this less commaon
syndrome. Thea FSB DFP demonstrated similar discrimi ration for sesere buman leptaspina-
sis companed with Sanum ascyys, and il is a simpler option for diagnosing leptospinosss. |bs
parfarmance in alther epidemialogical sattings and geographic regions, and for detecting
atypical presentations, demands further evaluafan
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Severe leptospirosis after rat bite: A case
report
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Presentation of case

A A3-year-okd woman peeented wan emergency department in Salvador, Beazil, with & two-
day history of fever (19.5” to 40.0°C), chills, headache, arthralga, myalgia, and Joss of appetite
in the setting of & recent rat bise, She bad so previous relevant medical histoey but reported &
street-rat bite on her right ankle 13 days prioe to presentation {Fig 1). The rat bite occurred
while she was walking to a drugstore in the carly evening in December 2014 in a medium-
income peighborbood of Salvador, & coaszal city in the northeast of Beagil. Shoetly after the
incident, she went 10 an urgen! care unit where she nxcnved lehms and rabies vaccnes and
wonind care, She denied exp 1o other potentially key taminated environments,
such as water or maxd. Whnwcmm:bm.shemsmnudnbmpuwhmdw
recerved medical examination and hiboratory evaluation. Her complete blood count (Day 1)
showed discrete anemia, leukocytosis with nestrophilia, and thrombocytopenia (Tabie 1), Her
urinalysis showed hematuria. The erythrocyte sedimentation rate was 24 mm J/hr, creatine
phosphokinase wis 1,182 U/L. and mo other pertinent findings were reportedd, Blood culture
showed no growth, and a rapid dengue test was nonreactive. She received intravenous fluids,
muscle relaxants, and analgesics and was dischargad without a clear diagnosis. Persistent
symptonss brought the patient hack 1o the hospétal the next day (Day 2) complaining of short-
ness of breath, diffused myalgia, arthralgia, odynophags, dry moath, and hemoptysis as well
o cutaneous rashes. Clinical exsmisation recorded a temperatare of 38.0°C, blood pressure of
117072 mmMg, heart rate of 100 beats per minute, respiratory rate of 16 beeaths per minute,
and oxygen saturation of 99% breathing room air, in addition o debydration. She was admit-
ted to the haspital that same day—antiblotics (ceftriaxone) and supportive measures were ini-
tiated. On Day-3, she developed shortness of breath and crepitus on thorax auscultation at the
becse of her right lung and had 32% of cxygen sateratsan &1 room aie, The patient was admined
to the mtensive care unit {1CU} for nonanvasive respiratory suppoet. Tharax competed tomog-
raphy and X-ray revealed bilireral diffused consolidation with air broachogram and a poste-
rior basal laminar strake of her left lung (Fig 2). The antibuotics were changed 10 maxafloxacin
and cefepime. Osdtamivir and corticosteroads were introduced. Additionally, during Day Y in
the FCU, the patient p ted with hemopaysis and pulmsanary congestion, likely associated 1o
hypervolemia, which were resolved by the Day 4. The patient was discharged oa Day 6 with
complete resolution of fever and respirstory symptams. A definitive diagnosis of leptosparasis

was made based on the epidemiclogical history of rat bite, compatible clinscal symptoms, and
Iabaratory tests. A pasitive immusoghobulin M {1gM) ELISA {Bio-Mangsinhos, Rio &
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