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RESUMO

INTRODUCAO: A leptospirose é um importante agravo de sadde publica e afeta ao menos
um milhdo de humanos por ano no mundo. Ratos de esgoto (Rattus norvegicus) sdo 0s
principais reservatérios de leptospiras patogénicas nas areas urbanas e excretam, através da
urina, elevadas quantidades de bactérias diariamente. As leptospiras sobrevivem no ambiente
e sdo transmitidas para novos hospedeiros atraves do contato com mucosas e pele. Leptospiras
patogénicas formam densos biofilmes in vitro. A patogénese da leptospirose em reservatorios
crénicos € pouco conhecida. OBJETIVO: Estudar a formagdo de biofilme por Leptospira
interrogans em R. norvegicus capturados em uma area hiperendémica de Salvador, Bahia,
Brasil. MATERIAIS E METODOS: Capturamos 86 ratos, dos quais 76 (88,4%) foram
considerados portadores de L. interrogans atravées da avaliacdo por imunohistoquimica (IHQ)
anti-L. interrogans e/ou Reacdo em Cadeia da Polimerase quantitativa em Tempo Real (RT-
gPCR) utilizando iniciadores especificos para o gene lipL32. RESULTADOS: Ao exame de
IHQ anti-L. interrogans, 69 ratos foram positivos. Destes, 24 (35%) apresentaram co-
localizagdo dos tubulos contorcidos proximais (TCP) positivos a IHQ anti-L. interrogans e ao
Alcian blue pH 2,5 (AB). A co-localizagdo positiva confirmou a presenca de biofilme no
interior dos TCP. A coloracdo especial pelo Mucicarmim de Mayer (MM) resultou negativa
no rim de todos os animais colonizados. A coloracdo positiva ao AB indicou que a matriz
extracelular do biofilme pode ser composta de mucopolissacarideos acidos ou alginato; ja a
coloracdo negativa ao MM excluiu a composi¢do por mucinas. A microscopia eletrénica de
varredura usando vermelho ruténio (VR) revelou densa deposicdo de matriz extracelular
amorfa entre as espiroquetas, indicando composi¢do mucopolissacaridica ou glicoproteica da
matriz do biofilme. A média de ratos apresentando tubulos colonizados (TC) com co-
localizacdo positiva foi estatisticamente maior do que a média de animais que apresentaram
TC mas ndo apresentaram co-localizacdo (p=0.0059), o que demonstra uma associacdo
positiva entre a intensidade de tdbulos colonizados e a formacdo de biofilme. Nenhuma
associacdo significativa para idade, sexo ou local de captura foi identificada para ratos com
presenca de biofilme renal. O exame histopatoldgico evidenciou discretas alteracdes renais

em ratos colonizados e com biofilme. CONCLUSOES: A formacio de biofilmes por L.



interrogans em reservatérios crénicos pode representar um novo mecanismo de viruléncia na
leptospirose. Além disso, esse fenotipo pode interferir no modo de transmissdo e
sobrevivéncia de leptospiras no ambiente. Esperamos desta forma contribuir para o
conhecimento da patogenia da leptospirose e para o desenvolvimento de novas estratégias

para o seu controle.

Palavras-chave: Rattus norvegicus, Colonizagao crénica, Leptospirose,

Mucopolissacarideos, Zoonose.
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ABSTRACT

INTRODUCTION: Leptospirosis is an important public health problem and affects at least
one million people each year worldwide. Norway rats (Rattus norvegicus) are the main
reservoir hosts of leptospires in urban environments. They excrete large amounts of bacteria
daily. Leptospires survive in the environment and are transmitted to new hosts by contact with
mucous membranes and skin. Pathogenic leptospires form dense biofilms in vitro. The
pathogenesis of chronic leptospirosis in reservoirs is largely unknown. The aim of this work
was to study biofilm formation by Leptospira interrogans in R. norvegicus caught in a
hyperendemic area in Salvador, Bahia, Brazil. MATERIAL AND METHODS: We caught
86 rats, out of which 76 (88.4%) were carriers of L. interrogans according to
immunohistochemistry (IHC) anti-L. interrogans and/or quantitative real time PCR (RT-
gPCR) using LipL32 primers. RESULTS: From the 69 rats positive for IHC anti-L.
interrogans, 24 (35%) presented co-localization of proximal tubules concomitantly positive in
IHC and Alcian blue (AB) pH 2.5. The positive co-localization confirmed the presence of
biofilm in the proximal convoluted tubules. Mayer's Mucicarmine (MM) special staining was
negative in all colonized kidneys. AB positive staining indicated that the biofilm extracellular
matrix was composed of acid mucopolysaccharides and / or alginate. Negativity to MM
excluded the presence of mucins. Scanning electron microscopy using ruthenium red (RR)
revealed dense deposition of amorphous extracellular matrix between spirochetes, indicating
mucopolysaccharidic and / or glycoprotein composition of the biofilm matrix. The mean of
rats presenting colonized tubules (CT) with positive co-localization was statistically greater
than the mean of animals presenting CT but without co-localization (p = 0.0059), which
demonstrated a positive association between the intensity of colonized tubules and biofilm
formation. No significant association for age, sex or capture site was found for rats with renal
biofilm. Histopathological examination revealed discrete renal alterations in colonized rats
with biofilm. CONCLUSIONS AND STUDY CONTRIBUITIONS: Biofilm formation by
L. interrogans in chronic reservoirs may represent a new virulence mechanism in
leptospirosis. In addition, this phenotype may interfere with the transmission mode and
survival of leptospires in the environment. We hope to contribute to the knowledge of

leptospiral pathogenesis and to the development of new control strategies.



Keywords: Rattus norvegicus, Chronic colonization, Leptospirosis, Mucopolysaccharides,
Z0oonosis.






1. INTRODUCAO

A leptospirose é uma zoonose infectocontagiosa de grande importancia em saude publica. A
doenca afeta uma ampla variedade de mamiferos, incluindo o homem, animais domésticos, silvestres
e sinantrdpicos. Estima-se que ocorram um milhdo de casos/ ano de leptospirose humana no mundo
atualmente (COSTA et al., 2015c). O principal reservatorio urbano da leptospirose no Brasil € 0 rato
de esgoto (Rattus norvegicus). Os ratos sd@o cronicamente infectados por Leptospira interrogans
sorovar Copenhageni, tornando-se portadores assintomaticos apds a colonizacdo de tdbulos renais
(TUCUNDUVA DE FARIA et al., 2007). L. interrogans sorovar Copenhageni é a principal causa de
leptospirose grave em individuos hospitalizados em Salvador, ressaltando portando a importancia do
rato como hospedeiro de manutencgéo deste sorovar (KO et al., 1999).

Pouco se conhece sobre a dindmica da transmissdo de leptospiras em ratos, no que tange 0s
modos de transmissao, fatores individuais (como sexo e idade) ou fatores ambientais. Estudos acerca
da histopatologia renal de ratos infectados por leptospiras sdo escassos na literatura. A principal
alteracdo histopatologica encontrada em ratos é a nefrite intersticial, aléem de alteragdes minimas, as
quais em geral ndo so relacionadas a colonizagéo por Leptospira spp. (AGUDELO-FLOREZ et al.,
2013; FARIA et al., 2008; NALLY et al., 2005). Leptospiras colonizam intensamente os tubulos
contorcidos proximais (TCP) de R. norvegicus, indicando que se trata de um local que favorece a
sobrevivéncia bacteriana. Os mecanismos que medeiam a colonizacdo renal e a sobrevivéncia de
Leptospira nos rins ainda permanecem pouco compreendidos (MONAHAN; CALLANAN; NALLY,
2009; TUCUNDUVA DE FARIA et al., 2007).

Biofilmes bacterianos estdo envolvidos na patogénese de diversas doencas, como na placa
dentaria polimicrobiana, na colonizacdo pulmonar por Pseudomonas aeruginosa em pacientes com
fibrose cistica, na colonizacdo de feridas cirurgicas, proteses, sondas e cateteres (BJARNSHOLT et
al., 2009; HALL-STOODLEY; COSTERTON; STOODLEY, 2004). Além disso, os biofilmes
participam na infeccdo crénica e persistente de animais reservatdrios, como na colonizacao de pulgas
por Yersinia pestis, agente da peste, e de carrapatos por Borrelia burgdorferi, agente da doenca de
Lyme (JARRETT et al., 2004; STRICKER; JOHNSON, 2011).

Em estudo prévio identificamos que R. norvegicus linhagem Wistar experimentalmente
infectados (modelo crénico da leptospirose) apresentaram biofilme em tdbulos renais colonizados
(dados nao publicados). Hipotetizamos, desta forma, que ratos reservatérios naturais cronicamente
infectados também apresentem biofilme renal. Acreditamos que a formacdo de biofilmes por
Leptospira nos TCP pode ser um mecanismo de colonizacao e viruléncia e, qui¢d, um mecanismo de

evasao imune.



Ratos reservatérios naturais exibem leptospir(ria intensa, chegando a eliminacdo de 10
microrganismos / mL (COSTA et al., 2015b). Tal excrecdo de leptospiras é garantida pela sua
capacidade de leptospiras colonizarem com sucesso os TCP de reservatérios (ATHANAZIO et al.,
2008; BHARTI et al., 2003; NALLY et al., 2005). Em outras bactérias, o biofilme fornece protecao
contra a desidratacdo e radiacdo ultravioleta (FLEMMING; WINGENDER, 2010; HALL-
STOODLEY; COSTERTON; STOODLEY, 2004; YANG et al., 2011). A eventual eliminacdo de
fragmentos de biofilme de Leptospira pela urina poderia contribuir para a permanéncia de
espiroquetas no ambiente.

Pretendemos nesse estudo demonstrar a presenca de biofilme em rins de ratos reservatorios
naturais de leptospiras, capturados em &rea de alta incidéncia para a leptospirose na cidade de
Salvador, Bahia. Além disso, avaliamos a histopatologia renal dos animais e os fatores demograficos
relacionados a colonizacdo. Esperamos que o estudo seja relevante para um maior conhecimento
sobre a interacdo Leptospira-hospedeiro e sobre a biologia do patdgeno, elucidando novos aspectos

acerca da patogénese renal em reservatorios naturais da leptospirose.



2. REVISAO DE LITERATURA

2.1 BACTERIAS DO GENERO LEPTOSPIRA E BIOFILMES

Espiroquetas do género Leptospira compreendem 21 espécies genbmicas, as quais apresentam
graus variaveis de patogenicidade, incluindo espécies patogénicas, intermediarias e saprofitas.
Leptospiras possuem uma grande diversidade antigénica conferida pelo lipopolissacarideo de
membrana externa, originando os mais de 200 sorovares existentes. S&o microrganismos delgados e
de morfologia helicoidal, tém metabolismo aerdbico e apresentam crescimento lento, com tempo de
geracdo em cultura de até 24 horas (ADLER, 2015).

Leptospira interrogans forma biofilmes in vitro (RISTOW et al., 2008) e in vivo (dados ndo
publicados). Biofilmes s&o comunidades de microrganismos aderidos a uma superficie bidtica ou
abidtica, envoltos por matriz exopolimérica produzida pelos préprios microrganismos associados
(HALL-STOODLEY; COSTERTON; STOODLEY, 2004; FLEMMING; WINGENDER, 2010 ). A
matriz extracelular é formada por diferentes tipos de biopolimeros, como os exopolissacarideos, que
imobilizam as células do biofilme, deixando-as mais préximas e favorecendo a comunicacdo célula-
célula (FLEMMING; WINGENDER, 2010; HALL-STOODLEY; COSTERTON; STOODLEY,
2004). A matriz funciona também como uma forma de protecdo contra acdo de biocidas, agentes
antimicrobianos, toxinas, radiacdo ultravioleta, salinidade, desidratacdo, oxidacdo e mudancas
ambientais, e, ainda, como um mecanismo de escape do sistema imune (FLEMMING;
WINGENDER, 2010; HALL-STOODLEY; COSTERTON; STOODLEY, 2004; YANG et al., 2011).
Analises por microscopia ética e microscopia eletronica de biofilmes de Leptospira patogénicas e
saprofitas demonstraram emaranhados de bactérias envoltas em material amorfo caracteristico de
matriz extracelular (RISTOW et al., 2008). Posteriormente, Ristow e colaboradores (dados nao
publicados) demonstraram a possivel composi¢do da matriz do biofilme de Leptospira produzido in

vitro por sacarideos anionicos.

2.2. EPIDEMIOLOGIA DA LEPTOSPIROSE

A leptospirose tem distribuicdo mundial e tradicionalmente é considerada uma doenca de
carater ocupacional, relacionada a agricultores, tratadores de animais, militares, trabalhadores em
sistema de esgoto, e médicos veterinarios (BHARTI et al., 2003; LEVETT, 2001). Na China, Europa,

Japdo e Australia, devido a associacdo com o trabalho realizado, a doenga foi inicialmente



denominada “ictericia dos plantadores de arroz”, “doenca do cortador de cana”, “doenga do rebanho
suino” e “doenga dos trabalhadores de esgoto” (FAINE et al., 1999).

Em paises de clima tropical tmido, como o Brasil, Nicaragua, india e Tailandia, a leptospirose
tem carater endémico. Epidemias de leptospirose ocorrem nestes paises em periodos chuvosos, onde
as condigdes de transmissdo da bactéria aumentam devido ao alto indice pluviométrico.
Adicionalmente ao clima, a doenca afeta areas urbanas de paises em desenvolvimento, com condigdes
inadequadas de saneamento e alta infestacdo de roedores, afetando populagfes pobres (BHARTI et
al., 2003; KO et al., 1999; LEVETT, 2001). Esporadicamente, em paises de clima temperado,
ocorrem surtos de leptospirose apOs a prética de atividades aquaticas esportivas ou de lazer,
envolvendo exposi¢cdo em agua doce de lagos ou rios (MCBRIDE et al., 2005).

Estima-se que ocorram aproximadamente 1.000.000 de casos de leptospirose no mundo por
ano (COSTA et al.,, 2015). No Brasil, entre 1999 e 2003 foram confirmados 14.334 casos de
leptospirose, com uma meédia anual de 2.866 casos. Nesse mesmo periodo foram notificados 1.683
Obitos, numa media de 336 Obitos/ano, com taxa de letalidade de 12% e incidéncia de 1,7/100 mil
habitantes (BRASIL, 2006).

2.3 ANIMAIS RESERVATORIOS DE LEPTOSPIRA E TRANSMISSAO DA
LEPTOSPIROSE

Mamiferos domésticos e selvagens séo infectados por diferentes espécies de leptospiras,
podendo ser sensiveis a infeccdo e desenvolver formas clinicas agudas, ou desenvolver formas
crénicas e/ou assintomaticas, tornando-se reservatdrios e portadores do agente (LEVETT, 2001;
MONAHAN; CALLANAN; NALLY, 2009). Os reservatérios sdo frequentemente infectados por
sorovares especificos de Leptospira, demonstrando haver especificidade hospedeiro-sorovar. Alguns
exemplos sdo: ratos infectados por Leptospira interrogans sorovares Copenhageni e
Icterohaemorrhagiae, bovinos infectados pelo sorovar Hardjo, suinos infectados pelo sorovar Pomona,
e caninos infectados pelo sorovar Canicola.

Os mamiferos reservatorios de leptospiras sdo colonizados pela bactéria nos rins e a eliminam
na urina, contaminando o ambiente. A transmissdo para novos hospedeiros ocorre por contato direto
de mucosas ou pele lesionada com urina, sangue ou tecido de um animal infectado; ou indireto atraves
do ambiente contaminado, devido a capacidade do microrganismo em sobreviver fora do hospedeiro
(LEVETT, 2001). Ja o homem €é um hospedeiro incidental da leptospirose, sendo susceptivel a
doenca (LEVETT, 2001). Roedores sdo os principais reservatorios da leptospirose. No mundo, o

Rattus norvegicus (rato de esgoto ou rato marrom) é o principal reservatorio urbano da doenga. No



Brasil, Rattus norvegicus estd adaptado a leptospiras do sorogrupo Icterohaemorrhagiae,
principalmente a Leptospira interrogans sorovar Copenhageni (FARIA et al., 2008). R. norvegicus
apresenta densa colonizacdo crénica renal, sem manifestacGes clinicas aparentes consequentes a

infeccao.

2.4 MANIFESTACOES CLINICAS DA LEPTOSPIROSE

Animais reservatdrios desenvolvem leptospirose crénica e geralmente assintomatica. Animais
de producdo (bovinos, ovinos, suinos) podem desenvolver disturbios reprodutivos crénicos. Por outro
lado, cdes geralmente desenvolvem doenca aguda caracterizada por faléncia renal, hepética e
distirbios hematologicos (BHARTI et al, 2003; FAINE et al, 1999; KO; GOARANT;
PICARDEAU, 2009).

As manifestagdes clinicas da leptospirose no homem séo variaveis, envolvendo as formas:
assintomatica, oligossintomatica (inicio subito de febre, cefaleia, mialgia, anorexia, nauseas, vomitos,
diarreia, artralgia, hiperemia ou hemorragia conjuntival, fotofobia, dor ocular e tosse), e graves
(Sindrome de Weil e Sindrome Pulmonar Hemorrégica da Leptospirose - SPHL). A Sindrome de
Weil € caracterizada por faléncia hepatica, faléncia renal aguda e hemorragias, com taxas de
letalidade de até 10% (MCBRIDE et al., 2005). Nos ultimos anos, diversas regides do mundo tém
presenciado a emergéncia da SPHL, uma forma fulminante da doenga, que requer hospitalizacdo com

tratamento intensivo que apresenta taxas de letalidade de até 50% (GOUVEIA et al., 2008).

2.5 IMUNOPATOGENIA DA LEPTOSPIROSE

ApoOs a penetracdo de leptospiras no organismo hospedeiro, segue-se um periodo de
bacteremia (trés a sete dias). Como consequéncia as leptospiras se disseminam para 0s mais variados
tecidos, como pulmdo, olhos, musculatura, entre outros. Esta fase inicial da doenca é denominada
ndo-imune, por haver pobre resposta imunoldgica ao patdgeno (ATHANAZIO et al., 2008; KO;
GOARANT; PICARDEAU, 2009). Leptospiras possuem mecanismos de evasdo do sistema imune, a
exemplo da evasdo do sistema complemento (BARBOSA et al., 2009) e da resisténcia a fagocitose
(WANG et al.,, 1984). Sdo bactérias extremamente mdveis e possuem a capacidade de realizar
translocacdo celular, o que pode auxiliar na infeccdo célula-célula (BAROCCHI et al., 2002).
Posteriormente, ocorre a fase imune, caracterizada pela producéo de anticorpos especificos contra as

leptospiras. Em seguida, observa-se o desaparecimento das bactérias na maioria dos tecidos e a sua



presenca em 6rgdos alvo (principalmente rins e figado), gerando a sintomatologia caracteristica das
doencas aguda ou cronica (KO; GOARANT; PICARDEAU, 2009; LEVETT, 2001).

2.6 COLONIZACAO RENAL CRONICA POR LEPTOSPIRAS

Uma das maiores investigagdes do estado de portador em ratos capturados foi realizada em
Detroit, Estados Unidos, e revelou que na populagdo estudada de 358 animais, 75% apresentaram
cultura renal positiva, 92% apresentaram positividade na coloracdo pela prata em tecido renal e 90%
tinham titulos elevados na microaglutinacéo soroldgica (Thiermann, 1977). Andrade e Oliveira (1954)
capturaram ratos em Salvador e realizaram investigacdo para a presenca de leptospiras no tecido renal
usando a técnica de impregnacdo pela prata de Levaditi, identificando colonizacdo renal em 29,25%
dos animais. De Faria (2008), em estudo realizado também em Salvador, demonstrou que 80,3% de R.
norvegicus capturados tiveram cultura positiva para Leptospira, sendo que cerca de 65% dos ratos
obtiveram titulos altos de anticorpos contra o sorogrupo Icterohaemorrhagiae no teste de
microaglutinacdo sorolégica (FARIA et al., 2008).

A patogénese renal da leptospirose ainda ndo é bem compreendida. Ao infectar os tubulos
renais de animais reservatorios, as leptospiras aderem-se ao epitélio renal e multiplicam-se,
colonizando o oOrgdo de forma persistente (MONAHAN; CALLANAN; NALLY, 2009). A
colonizacdo cronica renal causada por Leptospira é dividida em duas fases: intersticial e tubular. A
primeira é caracterizada pela migracdo das leptospiras por via hematogena, do endotélio para o
intersticio renal. A segunda caracteriza-se por intensa associacdo das bactérias com os TCP (figuras 1
e 2) (MONAHAN; CALLANAN; NALLY, 2009).

Na colonizacdo renal crénica em ratos observa-se densos agregados de leptospiras nos TCP
(ATHANAZIO et al., 2008; TUCUNDUVA DE FARIA et al., 2007). A cronicidade da infeccdo por
leptospiras nos rins de reservatorios indica tratar-se de um local imunoprivilegiado. As hipdteses
formuladas por Monahan e colaboradores (2009) sobre as estratégias de evasdo imune das leptospiras
nos rins incluem: (1) diferencas nos perfis de antigenos expressos na membrana externa de
Leptospira, evidenciado por distribuicdo heterogénea de infiltrados inflamatérios nos rins; (2) o atraso
no aparecimento de infiltracdo de linfocitos dos rins; (3) anticorpos anti-Leptospira nos tubulos renais
podem ndo desencadear a morte bacteriana, por causa de possivel auséncia do sistema complemento.
Uma outra forte hipOtese para a permanéncia das leptospiras nos TCP e evasdo do sistema imune € a
formacdo de biofilme neste local (RISTOW et al., 2008).

Quanto a presenca ou ndo de imunoglobulinas no TCP, moléculas de peso molecular inferior

ao da albumina (isto é, 68 kDa) passam pelo filtro glomerular e chegam ao TCP. A barreira de



filtracdo glomerular é constituida por células endoteliais, membrana basal glomerular e células
epiteliais viscerais (também conhecidos como poddcitos) (KURTS et al., 2013). Imunoglobulinas G
tem tamanho aproximado de 150 KDa, sendo pouco provavel que passem para os TCP na auséncia de
leséo.

Acredita-se, ainda que haja algum tipo de receptor especifico para as leptospiras nos TCP.
Proteinas de Leptospira, como OMPs (Outer membrane protein) e a hemolisina LipL32, interagem
com os receptores do tipo Toll 2 (TLR-2) da célula epitelial renal, levando a uma resposta imune
inicial (YANG, 2007). Ainda, uma glicoproteina interage com a bomba sédio/potéassio ATPase do
epitélio renal, inativando a sua funcio (LACROIX-LAMANDE et al., 2012). Tais fatores podem
explicar o tropismo das leptospiras para os tabulos renais, assim como favorecer a sua sobrevivéncia

neste local.

Figura 1: Fotomicrografia de seccdo de rim de Rattus norvegicus corada por Warthin-Starry.
Leptospiras sdo visualizadas como estruturas filamentosas impregnadas pela prata no limen dos tabulos renais
(magnificagdo, 400x). Fonte: KO; GOARANT; PICARDEAU, 2009.



Figura 2: Microscopia eletrénica de varredura de rim de rato (Rattus norvegicus modelo Wistar)
cronicamente infectado com Leptospira interrogans. O tdbulo renal contém elevada densidade de leptospiras
formando aglomerados (seta pequena). A seta grande indica leptospiras aderidas a superficie tubular interna,
expostas pela fratura do tecido (magnificacdo, 5000x). Fonte: ATHANAZIO et al., 2008.

Quanto a presenca de biofilme in vivo, padronizamos recentemente uma metodologia para
identificar biofilmes em rins de R. norvegicus Wistar experimentalmente infectados, a qual baseou-se
na identificacdo concomitante de TCPs positivos a IHQ anti-Leptospira interrogans e a coloracGes
para identificacdo de sacarideos (AB para evidenciar mucopolissacarideos e PAS, substancias
mucoides neutras) (dados ndo publicados). Usando esta mesma metodologia, realizamos um estudo
piloto com 17 R. norvegicus selvagens capturados nos bairros de Pau da Lima e Sete de Abril, areas
hiperendémicas para a leptospirose em Salvador. Em quatro casos foi possivel observar a co-
localizagdo de leptospiras e a marcagdo positiva para PAS em tubulos renais, sugerindo a presenca de

biofilme nos TCPs de um terco dos animais estudados (dados ndo publicados).

2.7 ACHADOS HISTOPATOLOGICOS E ESTRUTURAIS NO RIM DE RATOS COM
LEPTOSPIROSE

O conhecimento sobre as lesbes microscopicas em rins de ratos naturalmente ou
experimentalmente infectados € limitado (ATHANAZIO et al., 2008; TUCUNDUVA DE FARIA et
al., 2007). Os poucos estudos que realizaram exames histopatolégicos renais em ratos urbanos
capturados colonizados por leptospiras relataram que a nefrite intersticial foi a principal alteracéo
atribuida a infeccio (AGUDELO-FLOREZ et al., 2013; THIERMANN, 1981; TUCUNDUVA DE
FARIA et al., 2007). Nos tecidos sdo encontrados discretos infiltrados de leucécitos e plasmdcitos e



auséncia de infiltrado neutrofilico, sugerindo que leptospiras ndo estimulam fortemente o sistema
imune tecidual, diferentemente de outras bactérias Gram negativas (FAINE et al., 1999).

Sterling e Thiermann (1981) demonstraram, através de microscopia eletrénica de transmiss&o,
leptospiras completamente aderidas a superficie luminal dos TCP. Néo foram observadas leptospiras
nos tabulos distais e algumas raras espiroquetas foram identificadas no citoplasma da célula do TCP,
imediatamente abaixo da borda em escova. Em ratos com respostas soroldgicas mais intensas, foi
observado edema intersticial, espessamento da membrana basal dos TCP, que assumia aspecto
reticulado e por vezes com focos de particulas granulares (possivelmente, depdsitos de
imunocomplexos) e focos de infiltrado inflamatério de plasmocitos, linfocitos e histiocitos
(THIERMANN, 1981).

Laurain (1955) demonstrou em onze ratos capturados a presenca de nefrite intersticial leve.
Porém, apenas em um deles a infec¢do por Leptospira foi comprovada através da impregnacdo pela
prata. De Faria e colaboradores (2007) observaram em 45 ratos capturados a presenca de lesdes como
glomerulonefrite proliferativa focal segmentar mesangial, necrose tubular e degeneracdo tubular
hialina-goticular; entretanto, somente a nefrite intersticial foi atribuida a infeccdo por Leptospira.
Florez e colaboradores (2013) capturam 254 Rattus norvegicus e observaram alteracdes
histopatoldgicas em 51 animais, sendo a nefrite intersticial a alteragdo mais comum.

Outros fatores podem induzir a les6es tissulares em ratos selvagens urbanos, como a exposi¢édo
a outros agentes etiologicos (AGUDELO-FLOREZ et al., 2013; TUCUNDUVA DE FARIA et al.,
2007) nédo sendo possivel, nesses estudos, determinar a relacdo dessas alteragdes com a colonizacgéo
por leptospiras. O fato de que os animais estdo constantemente expostos a diversas agressdes em seu
ambiente leva a uma maior dificuldade em atribuir as alteracbes encontradas exclusivamente a

infeccdo por leptospiras.

3. OBJETIVOS



Objetivo geral: identificar a formacdo de biofilme e avaliar as alteracGes histopatologicas na
colonizagdo renal por Leptospira em Rattus norvegicus capturados em &rea urbana de Salvador,
Bahia.

Objetivos especificos:
e Identificar a formacédo de biofilme por Leptospira nos rins de R. norvegicus através de
técnicas histoquimicas
e Descrever os achados histopatolégicos renais e avaliar associacdes com a presenca de
biofilme e com diferentes padrdes de colonizagéo;
e Avaliar se a presenca de biofilme, os padrdes histopatoldgicos, ou a carga infectante

estdo associados as diferencas demogréaficas e/ou geograficas dos roedores estudados.

4. ARTIGO



O artigo a seguir aborda exclusivamente os resultados e conclusdes gerados na Dissertacéo de
Mestrado. O artigo encontra-se escrito em inglés e sera submetido para publicacdo em periddico

cientifico.
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Abstract

Leptospirosis is an important public health problem and affects at least one million people
each year worldwide. Norway rats (Rattus norvegicus) are the main reservoir hosts of leptospires in
urban environments, excreting huge amounts of pathogenic leptospires in the environment daily.
These spirochetes are able to survive in the environment and are transmitted through contact, making
at least 1 million victims per year. Pathogenic Leptospira form densely packed biofilms in vitro. The
pathogenesis of leptospirosis in chronic reservoirs is poorly understood. We aimed to study biofilm
formation by Leptospira interrogans in R. norvegicus captured from a hyperendemic slum site in
Salvador, Bahia, Brazil. We caught 86 rats, out of which 76 (88.4%) were carriers of L. interrogans
according to immunohistochemistry (IHC) anti-L. interrogans and/or quantitative real time PCR (RT-
gPCR) using LipL32 primers. From the 69 rats positive for IHC anti-L. interrogans, 24 (35%)
presented co-localization of proximal convoluted tubules (TCP) concomitantly positive in IHC and
Alcian blue (AB) pH 2.5. The positive co-localization confirmed the presence of biofilm within the
TCP. Mayer's Mucicarmine (MM) special staining was negative in all colonized kidneys. AB positive
staining indicated that the biofilm extracellular matrix was composed of acid mucopolysaccharides
and / or alginate. Negativity to MM excluded the presence of mucins. Scanning electron microscopy
using ruthenium red (RR) revealed dense deposition of amorphous extracellular matrix between
spirochetes, indicating mucopolysaccharidic and / or glycoprotein composition of the biofilm matrix.
The mean of rats presenting colonized tubules (CTs) with positive co-localization was statistically
greater than the average of animals with CTs but without co-localization (p=0.0059), demonstrating a
positive association between the intensity of colonized tubules and biofilm formation. No significant
association for age, sex, or capture site was found for rats presenting renal biofilm. We noticed
minimal histological alterations for rats colonized with leptospiral biofilms. Unraveling the formation
of biofilms by Leptospira in chronic reservoirs may impact in the mode we comprehend pathogenic

mechanisms in leptospirosis, transmission, and survival of leptospires in the environment.

Key words: Rattus norvegicus, chronic colonization, leptospirosis, mucopolysaccharides, zoonosis.

Introduction

Leptospirosis is a global public health problem (KO; GOARANT; PICARDEAU, 2009) with

estimated annual incidence exceeding 1 million cases (COSTA et al., 2015b). The highest incidence



of leptospirosis occurs in developing countries of tropical regions during rainy seasons. There has
been an emergence of leptospirosis in urban settings worldwide in the last decades, related to poor
urban development and poor sanitation (COSTA et al.,, 2015b; KO; GOARANT; PICARDEAU,
2009). Rattus norvegicus is the major carrier in urban settings and excrete spirochetes in urine,
contaminating the environment (AGUDELO-FLOREZ et al., 2013; KO; GOARANT; PICARDEAU,
2009). Leptospirosis can severely affect humans, which develop Weil’s Syndrome characterized by
hepatic failure, renal failure and hemorrhages, with a mortality rate of 10% (MACIEL et al., 2008).
Furthermore, humans can also present a more severe disease form, the Leptospirosis-associated
Severe Pulmonary Hemorrhagic Syndrome (SPHS), which has a mortality rate of up to 70%
(MACIEL et al., 2008).

Leptospira comprehend pathogenic, intermediate and saprophytic species, with more than 200
serovars. They are aerobic nutrient-exigent bacteria found in mammal hosts and in water collections
in the environment, where they can survive. Only pathogenic species can colonize the kidneys of
mammals. Leptospires form dense aggregates in the renal tubules of rat reservoirs, in water and in in
vitro liquid cultures (FARIA et al., 2008; TRUEBA et al., 2004; ZUERNER; ALT; PALMER, 2012).
We have previously demonstrated that pathogenic and saprophytic leptospires form densely packed
biofilms in vitro (RISTOW et al., 2008). Recently, Brihuega and collaborators (2012) demonstrated
that low passage pathogenic L. interrogans serovar Pomona isolated from swine abortion was able to
form biofilms in vitro in abiotic supports. So far, there is no evidence of leptospiral biofilm formation
in natural reservoirs.

Biofilms are the most common mode of growth of prokaryotes. They are formed by a
community of microorganisms attached to a surface and involved by an exopolimeric matrix
produced by themselves (FLEMMING; WINGENDER, 2010). Bacterial biofilms are associated with
many medical chronic conditions such as cystic fibrosis pneumonia, dental plaque and catheter
contamination (BJARNSHOLT et al., 2009). They also play an important role in colonization of
chronic reservoirs, contributing to disease transmission, like biofilms formed by Yersinia pestis in the
midgut of fleas (HINNEBUSCH; ERICKSON, 2008).

Rats captured in hyperendemic areas are highly colonized by leptospires in their kidneys. It is
estimated that they may excrete more than 10'° bacteria in the environment per day (COSTA et al.,
2015a). It remains unknown, however, why leptospires find the kidneys a safe place for colonization.
It may be an immune privileged site (MONAHAN et al. 2009). Nevertheless, it is important to
consider the hypothesis of biofilm formation inside the rat renal tubules. We aimed to identify

Leptospira interrogans biofilms in the kidneys of Rattus norvegicus natural reservoirs captured from



a hyperendemic slum site in Salvador, Bahia, Brazil. We also aimed to characterize the renal

histopathology and the demography of studied animals.

Methods
Study sites and animals

The methodology used has been previously described (COSTA et al., 2015b). Briefly, from
May 2013 to August 2014, we captured 86 Norway rats (Rattus norvegicus) in Pau da Lima,
Salvador, Bahia, Brazil, an urban setting with high incidence of severe leptospirosis. The study site
comprised an area of 0,17 Km? with four valleys (FELZEMBURGH et al., 2014). It was
systematically sampled by setting two Tomahawk live traps at each of 108 sampling points (COSTA
et al., 2014).

Rats were euthanized, sex and weight were recorded, and we used mass/weight as a proxy for
estimating rat’s age (COSTA et al., 2014). We recorded the capture site and entered/validated
demographic data in Redcap database. Rats were divided into six groups (table 1) according to mass
and sex: juvenile males (<200 g), juvenile females (<200 g), sub-adult males (201-399 g), sub-adult
females (201-399 g), adult males (>400 g), and adult females (>400 g). During necropsies we
collected rat Kidneys, the right kidney was preserved in 10% buffered formalin and further processed
for histotechnology; the left kidney was divided, half was preserved in -80°C (COSTA et al., 2015a)
and the other half was processed for electronic microscopy as described below.

This work was approved by the Institutional Animal Care and Use Committee at the Oswaldo

Cruz Foundation (Salvador, Brazil; protocol number 003/2012).
Histopathological processing

Kidneys were embedded in paraffin wax, blocks were cut in 2-um serial sections, and
processed, in the following order: (1) hematoxylin-eosin (HE); (2) immunohistochemistry (IHC) anti-
Leptospira interrogans; (3) periodic acid-Schiff stain (PAS); (4) PAS Silver Methenamine (PAS-M);
(5) Alcian Blue pH 2.5 (AB); (6) Mayer's Mucicarmine (MM); (7) AZAN; and (8) Picrosirius Red
(PIFIG). HE, PAS, PAS-M, AZAN and PIFIG were used to analyze pathologic alterations and

performed according to routine protocols. A histopathology questionnaire was applied including the



following parameters: injury degree, tissue degeneration, and characteristic of inflammatory cells. AB
and MM were used to identify polysaccharidic extracellular matrix and are described below.

All light microscopic observations in this work were performed using an Olympus BX51
optical microscope with objectives of 20x and 40x. Image acquisition was performed using Image-Pro
Plus software (Media Cybernetics, USA).

Immunohistochemistry (IHC) anti-Leptospira interrogans

Leptospira colonization was screened by both specific IHC anti-L. interrogans and
quantitative real-time PCR (RT-gPCR, described below). IHC was performed according to CRODA
et al. (2008), with the following modifications: slides were blocked with 10% skimmed milk in 1x
Phosphate Buffered Saline and incubated with rabbit primary antibodies anti-Leptospira interrogans
serovar Icterohaemorrhagiae strain RGA diluted 1:1,000 at room temperature for 1 h. Rats negative

for IHC anti-L. interrogans were used as negative controls.

Quantitative real-time PCR of kidneys (RT-gPCR)

Quantitative real-time PCR was performed strictly as described by COSTA et al. (2015a).
DNA was extracted from 25 mg of frozen kidney. DNA extraction was performed using automated
Maxwell 16 System DNA Purification Kits (Promega Corp., USA). RT-gPCR specific for pathogenic
leptospires was performed using 5° nuclease (Tagq-Man) and primers that amplified a sequence of
lipL32 (STODDARD et al., 2009). RT-gPCR was performed using an ABI 7500 Real-Time PCR
System (Applied Biosystems, USA).

Histological special stains for carbohydrates used for biofilm detection

Biofilm presence was assessed through special staining for carbohydrates, according to the
previous literature (HOFFMANN et al., 2005; BJARNSHOLT et al., 2009). AB pH 2.5 stains acidic
mucopolysaccharides, sulfated and carboxylated sialomucins, and alginate. MM stains neutral and
acidic mucins. Both stainings were performed according to routine protocols. Once we identified
positive renal tubules in IHC anti-L. interrogans, we then performed the co-localization of the same
tubules concomitantly positive for carbohydrate specific stainings, in serial renal sections. Besides the

co-localization, renal tubules with positivity in AB but without co-localization were also considered to



have biofilms, since negative controls did not stain positive with AB. A total of ten negative controls

were analyzed.

Leptospiral colonization and IHC marking patterns in rat kidneys

We analyzed different patterns of Kkidney leptospiral colonization and IHC marking by
determining: (1) the intensity of colonization, (2) the distribution of colonized tubules (CTs), and (3)
intraluminal marking (SANTOS et al., 2015). Each renal section was divided longitudinally in two
halves. The intensity of colonization was evaluated by counting the number of CTs marked in IHC
anti-L. interrogans of the convex half of the kidney (opposed to the renal pelvis). This information
generated the variable “number of colonized tubules” (denominated CT count), considered to be a
quantitative measurement of infection.

To evaluate the distribution of CTs in the kidney, we performed a qualitative evaluation
registering if CTs were observed in the cortex isolated (one CT), agglomerated (two or more CTs),
with focal or multifocal distribution.

Tubular intraluminal IHC marking was evaluated by qualitative analysis considering two
patterns: Kidney tubules that presented IHC marking restricted to the renal epithelial membrane
(partial occlusion of the CT) or tubules that presented IHC marking both restricted to the renal
epithelial membrane and completely occluding the lumen of CT (partial/complete occlusion of the
CT).

Electronic microscopy using ruthenium red probe

Fresh half kidneys were cut in 1-2 mm cubes using a sterile scalpel, added to 1.5 mL fixation
buffer (2% glutaraldehyde/0.1 M sodium cacodylate) and kept at 4°C until processing. Then, samples
were transferred to new tubes containing 1.5 mL fixation buffer and added with 0.2% ruthenium red
(RR), a probe used to augment the retention of anionic exopolysaccharides in samples. The kidney
from one negative control rat was added to fixation buffer without RR. Samples were washed in 0.1
M cacodylate and re-fixed in 1% osmium tetroxide/0.2 M sodium cacodylate for one hour. Then,
samples were washed and gradually dehydrated in acetone, followed by critical point dry, gold

metallization, and subsequent observation in a JEOL 6390LV microscope (Japan).

Statistical analysis



Statistical analyses were performed using Epi Info™ 7. Analyses comprised 2-tailed Student’s
t-tests for comparing group means of patterns of kidney leptospiral colonization, intensity of
colonization, the distribution of colonized tubules, and the patterns of intraluminal marking. Chi-
square tests were used for evaluating associations between categorical variables within positive
animals (by IHC and/or qRT-PCR) and demography characteristics (sex, age or capture site); the
proportions of animals presenting renal biofilm within sex, age or capture site; the proportions of rats
presenting renal biofilm with pathological alterations; the associations between the presence of
biofilm and the different renal colonization patterns. When group sizes were 5 or less, Fischer’s exact

tests were used.

Results

Natural reservoir rats present anionic polysaccharidic biofilm in the kidneys

From the 86 R. norvegicus studied, 76 (88.4%) were colonized with pathogenic Leptospira
according to positivity to IHC anti-L. interrogans and/ or gRT-PCR. Ten rats (11.6%) were negative
for both techniques, and were used as controls (table 1). There were no statistically significant
differences for leptospiral infection related to capture site, sex or age of the animals.

Rats with kidneys positive for IHC anti-L. interrogans (n=69) were evaluated for the presence
of biofilm, using the staining methods AB and MM. From those, 28 (41%) were positive for AB and
none was positive for MM staining. Using the co-localization technique, 24 (35%) animals presented
proximal tubules concomitantly positive for IHC anti-Leptospira and AB, confirming the presence of
polysaccharidic matrix and biofilms inside the renal tubules (Figure 1). Additionally, four (4) kidneys
presented tubules positive for AB, but with no co-localization. Negative controls were negative for
both AB and MM. We used as positive controls standard sections of dog intestine, which were
positive for both AB and MM (data not shown). AB pH 2.5 stains acidic mucopolysaccharides,
alginates, and mucins, suggesting the participation of one of these components in the matrix of the

biofilm. However, the lack of staining for MM indicates that there were no mucins in the samples.

Biofilm matrix is labeled by ruthenium red in scanning electron microscopy

Scanning Electron Microscopy (SEM) of kidneys from chronically infected rats demonstrated

dense colonization by leptospires, forming aggregates inside the tubules (Figure 2). When we added



ruthenium red (RR), we observed heavy deposition of amorphous extracellular matrix between
spirochetes, often covering the entire surface of bacteria, compatible with biofilm morphology (Figure
2).

Demography of rats presenting kidney colonization with biofilms

Rats captured in the valley 4 of the study site showed an increased probability (47.3%) to
present biofilm in colonized tubules (based on positive co-localization), when compared to animals
captured in the valleys 1 (18.1%) or 2 (16.7%), although it was not statistically significant. Sub-adult
animals showed an increased tendency to develop renal biofilm (62.5%) when compared to juvenile
(20.8%) or adult rats (16.7%) (not statistically significant). We observed a homogeneous distribution
between males and females for the presence of renal biofilms. Animals with kidneys positive for AB
pH 2.5 but with no co-localization (n=4) have not shown statistical differences related to age, sex or

capture site.

Renal biofilm is related to colonization intensity and to the distribution pattern of colonized

tubules

We analyzed three patterns of leptospiral colonization in rat kidneys, according to intensity,
distribution and intraluminal marking of CTs (SANTOS et al., 2015). As for the intensity of colonized
tubules, there was wide variation between individuals, with minimum of 1 CT and maximum of 612
CTs, and median of 88 (interval interquartile range, 18 to 255 CTs) (Figure 3, A and B). The average
of animals presenting CTs with positive co-localization was statistically greater than the average of
animals presenting CTs without co-localization (p value=0.006), demonstrating that there was a
positive association between the intensity of colonized tubules and biofilm formation. There were no
significant results for the relationships between intensity of colonization and demographic data.

The majority (n=59, 85.6%) of colonized animals presented a distribution pattern of multifocal
CTs in the renal cortex, isolated or agglomerated (Figure 3, E and F). 87.5% of rats presenting biofilm
(n=21) had agglomerated CTs in a multifocal distribution (p=0.0002, Chi-square corrected Yates).
There were no association between the different patterns of distribution and demographic data.

Most of the colonized rats (n=41, 59.4%) presented IHC anti-L. interrogans marking restricted
to the membrane of renal epithelial cells, characterizing partial occlusion of CTs. 28 rats (40.6%)
presented a pattern of partial to complete occlusion of CTs (Figure 3, C and D). From the 24 rats

presenting renal biofilm, the majority (n=15, 62.5%) presented IHC anti-L. interrogans marking



pattern of partial/complete occlusion of CTs. There were no correlations between the patterns of IHC
marking and demographic data.

Biofilm production does not account for histopathological lesions in the kidney tissue

Histopathological analysis revealed minimal pathological alterations (Table 2). Discrete
interstitial nephritis was the most frequent finding, present in 28.9% of positive animals (Table 3).

There was no positive association between biofilm formation and histopathological alterations.

Discussion

In this study we aimed to identify leptospiral biofilm in the kidneys of Rattus norvegicus.
From the 69 R. norvegicus positive for IHC anti-L. interrogans, 41% were positive for AB staining
and 35% presented positive co-localization, indicating the presence of renal biofilm in these rats.
Bacterial biofilms are considered a colonization and virulence factor (PARSEK; SINGH, 2003) and
this represents a new finding on the pathogenesis of leptospiral colonization in natural reservoirs. Our
results are in accordance with a preliminary study we conducted in 2012, with a reduced number of R.
norvegicus (n=17) captured from the same study site, when we observed that one third of animals
presented positive co-localization and renal biofilm (non published data). The spirochete Borrelia
burgdorferi form organized biofilm-like aggregates in the thick midgut (DUNHAM-EMS et al.,
2009). Biofilms also participate in the chronic infection of fleas’ vectors of Yersinia pestis, the agent
of pestis, with a possible role in transmission (HINNEBUSCH; ERICKSON, 2008; JARRETT et al.,
2004). When biofilm was present in the kidney, not all the colonized tubules presented biofilms.
Other studies of biofilm formation in animal reservoirs were also qualitative and there was no
measure of the frequency of this phenotype in the infected organ (JARRET et al., 2004).

The biofilm inside the proximal tubules stained by AB and did not stain by MM, indicating
that the matrix exopolysaccharides is not composed by mucins, but most probably by acidic
mucopolysaccharides or alginate. AB is a macrocyclic compound, mainly used to detect the presence
of acidic mucopolysaccharides, turning blue when positive stained. In pH 2.5, it mainly stains sulfated
and carboxylated acidic mucopolysaccharides (CARSON e HLADIK, 1997), although it may stain
other saccharides. It is regularly used to identify biofilms in tissues, as it was previously shown in
lungs colonized by Pseudomonas aeruginosa biofilms (BJARNSHOLT et al., 2009; HOFFMANN et
al., 2005). SEM using ruthenium red (RR) revealed the ultrastructure of the tubular biofilms with



agglomerates of Leptospira evolved in an anionic exopolysaccharidic matrix (confirming the results
obtained with AB). RR was previously used to identify numerous bacterial biofilms (BORUCKI et
al., 2003; MOE et al., 2010; LOURENCO et al., 2013).

Mucopolysaccharides or glycosaminoglycans are evolved in biofilm formation. Mack and
collaborators (1996) showed that Staphylococus epidermidis polysaccharide intercellular adhesin
(P1A) is formed by a linear b-1,6-linked glucosaminoglycan. Additionally, hialuronic acid supported
biofilm growth of Streptococci in vitro (YADAV et al., 2013). Alginate is composed of mannuronic
and guluronic acids. Previous studies have showed that alginate is the exopolysaccharide of
Pseudomonas aeruginosa biofilms (BJARNSHOLT et al., 2009; HOFFMANN et al., 2005; MAY et
al., 1991) Recently, Sapi and collaborators (2012) have shown in vitro that the biofilm
exopolysaccharidic matrix of B. burgdorferi contains alginate. Leptospira spp. possesses genes related
to alginate biosynthesis (RISTOW et al., 2008) and it is possible that this polysaccharide participate
on biofilm composition and metabolism.

From the 86 captured animals, 88.4% were colonized with Leptospira interrogans, in
agreement with the positivity rate previously described for this population (COSTA et al., 2015).
Most of the Leptospira-colonized animals in this study were young sub-adult females. We found that
sub-adults (with no distinction of males or females) had an increased chance to develop biofilm. Rats
are colonized very early in life (COSTA et al., 2015) and it is hypothesized that leptospirosis may be
transmitted vertically. Then, it is expected that sub-adult animals have leptospiral colonization, and,
as a consequence, biofilm formation. We also observed a trend towards rats presenting renal biofilm
and the capture site (valley 4).

The intensity of colonization varied greatly among individuals, independently of age, sex or
capture site, as previously described by our group (SANTOS et al., 2015). However, we noticed an
important positive correlation between the intensity of colonized tubules and biofilm formation. If we
consider the number of CT as a measure of the population of Leptospira in the organ, this finding may
indicate that biofilm formation by Leptospira in vivo is dependent on leptospiral numbers, suggesting
the presence of some kind of quorum sensing mechanism (LI; TIAN, 2012). However, the bacterial
load evaluated by qRT-PCR did not show relation with biofilm formation.

The most common presentation of Leptospira-colonized kidneys in IHC anti-L. interrogans
was marking restricted to the membrane of renal epithelial cells (partial occlusion of CT). In a
previous study, we found that half of the colonized rats presented this type of marking (SANTOS et
al., 2015). The other half presented IHC-marking occluding the tubular lumen, in accordance with the
previous literature (ATHANAZIO et al., 2008). Nonetheless, the majority of animals presenting

biofilm had a marking pattern of IHC anti-L. interrogans of partial/complete occlusion of CTs. This



data may indicate that the more one CT is colonized, there it develop biofilm. Such differences might
also be related to local differences in leptospiral loads inside the organ.

We described here that rats with renal biofilm presented agglomerated CTs in a multifocal
distribution. This was also a trend for Leptospira-colonized animals. It is possible to infer, then, that
leptospires infect the kidney diffusely, coming from the circulatory system, migrate through tissue
and manage to colonize focal regions of the cortex, where agglomerates of colonized tubules are
further visible.

Histopathological analysis revealed the presence of minimal pathological alterations in
Leptospira-positive animals. The most frequent alteration was discrete interstitial nephritis, in
chronically infected rats with or without biofilm, in agreement with previous studies (AGUDELO-
FLOREZ et al., 2013; CHAGAS-JUNIOR et al., 2009; TUCUNDUVA DE FARIA et al., 2007).
Since sinanthropic rats are exposed to many environmental factors, including other pathogens, it is not
possible to determine that the alterations were due to the presence of leptospires in the kidneys.

We had some limitations in our study. We found no correlation of infection status or biofilm
production with demographic data, what can be related to the number of analysed animals, i.e. 86 and
24, respectively. The difference observed for the results of positivity to co-localization (35%) and
positivity to AB (41%) may be due to the convoluted anatomy of proximal renal tubules or the
difficulty of performing manual co-localization. The differences found for the correlation of intensity
of colonization with biofilm formation when we analysed IHC anti-L. interrogans (significant) or
gRT-PCR (non significant) may have to do with difference sensitivities of the techniques. Another
hypothesis is that the number of colonized tubules found in IHC anti-L. interrogans is not related with
the bacterial load measured by qRT-PCR in the kidneys.

We concluded that sinantropic Rattus norvegicus produce biofilm during renal colonization by
Leptospira interrogans. Biofilm exopolysaccharidic matrix was composed by anionic saccharides, but
not by mucins. Rats presenting renal biofilms had multifocal infection by Leptospira and biofilm was
correlated to the intensity of colonized tubules. Biofilm was not related to age, sex or capture site of
the rats. Biofilm formation did not account for any specific histopathological lesion. These are
important findings on the biology of this host-adapted pathogen. We believe our findings will
contribute to leptospiral pathogenesis in animal reservoirs. Additionally, it may impact in the mode

we comprehend leptospiral transmission and the maintenance of disease cycle.
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Tables

Table 1: Rattus norvegicus distribution in groups according to sex and age.

Groups No. of IHC gRT-PCR IHC gRT-PCR IHC and/or
animals positive positive negative  negative gRT-PCR
(n =86) (n =68) (n=47) (n=15) (n=6) positive
(n=76)
Juvenile males 13 (15) 6 (8.8) 7 (14.8) 6 (40) 3 (50) 10 (13.2)
Sub-adult males 17 (19) 16 (23.5) 12 (25.5) 1 (6.6) 1 (16.6) 17 (22.3)
Adult males 9 (10) 9(13.2) 8 (17) - - 9 (11.8)
Juvenile females 14 (16) 6 (8.8) 2(4.2) 5(33.3) 1 (16.6) 7(9.2)
Sub-adult females 27 (31) 25 (36.7) 12 (25.5) 3 (20) 1 (16.6) 27 (35.5)
Adult females 6 (6.9) 6 (8.8) 6 (12.7) - 0 6 (7.8)
Total evaluated 86 84 53 86

Table 2: Histopathological alterations observed in Rattus norvegicus, regarding Leptospira infection
and the presence of biofilm.

Alteration IHC and/or gRT-  IHC and/or gRT- Biofilm Biofilm
PCR positive PCR negative positive negative
n =76 (%) n =10 (%) n=24(%) n=45(%)
Mesangial hypercellularity 12 (15.8) 3 (30) 2 (8,3) 10 (22,2)
Mesangial matrix hyperplasia 18 (23,7) 3 (30) 5(20,8) 13 (28,8)
Hyaline-goticular Degeneration 41 (53,9) 4 (40) 12 (50) 25 (55,5)
Cylinders 16 (21,05) 0 (0) 3(12,5) 12 (26,6)
Fibrosis 7(9,2) 2 (20) 4 (16,6) 3 (6,6)
Chronic inflammation 33 (43,4) 2 (20) 12 (50) 21 (46,6)
Calcification 8 (10,5) 0(0) 5 (20,8) 2 (4,4
Epithelial regeneration 4 1 1(4,1) 5(11,1)

Table 3. Histopathological evaluation observed in Rattus norvegicus, regarding Leptospira infection

and the presence of biofilm.

Pathology IHC and/or IHC and/or Biofilm Biofilm

gRT-PCR gRT-PCR positive negative
positive negative n=24(%) n=45(%)

n =76 (%) n =10 (%)

Minimal glomerular alterations 33,9 0 3 (12,5) 2 (4,4)

Focal proliferative glomerulonephritis 1(1,3) 0 0 1(2,2)

with increasing

Focal mesangial proliferative 1(1,3) 0 0 1(2,2)

glomerulonephritis

Focal mesangial segmental 4(52) 1 (10) 1(4,1) 4 (8,8)

proliferative glomerulonephritis

Acute tubular necrosis 1(1,3) 0 0 1(2,2)

Moderate chronic interstitial nephritis 6 (7,8) 0 4 (16,6) 2 (4,4)

Discrete chronic interstitial nephritis 22 (28,9) 1 (10) 7(29,2) 17 (37,7)

Kidney within normal parameters 16 (21) 8 (80) 4 (16,6) 22 (48,8)




Figures

Figure 1. Histopathological investigation of biofilm formation in kidney sections of Rattus
norvegicus naturally infected with Leptospira interrogans. (A) Renal tubules positive for IHC anti-
L. interrogans, demonstrating leptospiral colonization of proximal tubules (black arrows); (B) AB
positively stained tubules, as observed in light turquoise blue marking (black arrows); (C) section
negative for MM staining. Note that the serial sections showed in A, B and C are from the same
region of the kidney, evidencing the co-localization of tubules concomitantly positive in IHC and AB
(Magnification, x 200).
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Figure 2. Scanning electron microscopy (SEM) of leptospiral biofilm and its matrix in
the kidneys of naturally colonized R. norvegicus. (A and B) SEM of colonized kidney with
ruthenium red (RR) showed Leptospira agglomerates (white arrows) surrounded by an anionic
exopolissaccharidic matrix (red arrows) inside the renal tubules. (C and D) SEM of colonized kidney
without RR, where bacteria are evidenced agglomerated (C) or isolated (D), without the presence of

the matrix. (E) SEM using RR of R. norvegicus negative control. (F) SEM without RR of R.
norvegicus negative control.



Figure 3. Patterns of colonization and immunohistochemistry anti-L. interrogans
marking in rats that presented renal biofilms. (A) High intensity of colonized tubules (CTs), (B)
low intensity of CTs. (C) IHC anti-L. interrogans pattern of partial/ complete occlusion of the CT
lumen, (D) IHC anti-L. interrogans marking restricted to the membrane of renal epithelium (partial
occlusion). (E) Agglomerated CTs distributed in the renal cortex, (F) isolated CTs distributed in the
cortex. A, B, C and D: magnification, x 400; E and F: magnification, x 200.
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5. DISCUSSAO

Neste estudo analisamos a presenca de biofilme em rins de ratos selvagens colonizados por
Leptospira interrogans e capturados em Salvador, Bahia. Dentre 0s 69 R. norvegicus positivos para
IHC anti-L. interrogans, 41% foram positivos para a coloracdo AB e 35% apresentaram co-
localizacdo positiva, indicando a presenca de biofilme renal nestes ratos. Biofilmes bacterianos sdo
considerados um fator de colonizacdo e viruléncia (PARSEK; SINGH, 2003) e isto representa uma
nova descoberta sobre a patogénese da colonizacdo da leptospirose em reservatorios naturais. Nossos
resultados estdo de acordo com um estudo preliminar anterior, realizado em 2012, com um nimero
reduzido de R. norvegicus (n = 17) capturados no mesmo local de estudo, quando observamos que um

terco dos animais apresentaram co-localizagdo e renal positivo biofilme (dados néo publicados). A



espiroqueta Borrelia burgdorferi forma agregados semelhantes a biofilme no intestino grosso de
carrapatos, vetores da doenca de Lyme (DUNHAM-EMS et al., 2009). Biofilmes também participam
da infeccdo crénica de pulgas vetores de Yersinia pestis, 0 agente da Peste, e tém um possivel papel
na transmissdao (HINNEBUSCH; ERICKSON, 2008; JARRETT et al., 2004). Quando o biofilme
estava presente no rim, nem todos os tabulos colonizados apresentaram biofilmes. Outros estudos de
formacdo de biofilme em reservatérios animais também foram qualitativos e sem nenhuma medida da
frequéncia deste fen6tipo no 6rgdo infectado (JARRETT et al., 2004).

O biofilme no interior dos tibulos proximais foram corados por AB de pH 2,5 e ndo por MM,
indicando que os exopolissacarideos de matriz ndo sdo constituido por mucinas, mas muito
provavelmente por mucopolissacaridos acidos ou alginato. AB é um composto macrociclico, utilizado
principalmente para detectar a presenga de mucopolissacarideos acidos. Em pH 2,5, com acido acético
a 3%, ele adquire uma coloracdo azul quando positivo e marca principalmente mucopolissacaridos
acidos sulfatados e carboxilados (CARSON e HLADIK, 1997), embora possa corar outros sacarideos.
Ele e regularmente utilizado para identificar biofilmes em tecidos, como foi previamente mostrado
nos pulmdes colonizados por biofilmes de Pseudomonas aeruginosa (BJARNSHOLT et al., 2009;
HOFFMANN et al., 2005).

A MEV utilizando o corante vermelho ruténio revelou intensa deposicdo de matriz
eletrondensa amorfa que cobriu os agregados de leptospiras. Sem o corante VR, observamos
aglomerados de bactérias e densa colonizacdo por leptospiras nos tdbulos renais proximais, porém
sem indicacdo da presenca de matriz extracelular, conforme anteriormente evidenciado
(ATHANAZIO et al., 2008; MAFFEI et al., manuscrito em preparacdo). Maffei e colaboradores
(manuscrito em preparacdo) demonstraram a formacdo de biofilmes por leptospiras em ratos
experimentalmente infectados, observando um padrdo granular no material amorfo entre as
leptospiras nos tubulos renais, utilizando o VR, compativel com algumas das imagens observadas no
nosso estudo. O uso do VR confirmou, portanto, a natureza bioquimica da matriz, como
polissacarideos aniénicos. VR é um cation hexavalente baseado em Ruténio usado para detectar
mucopolissacarideos acidos e glicoproteinas (DIERICHS, 1979; NARANG, 1974; WALLER et al.,
2004). Ja foi usado em microscopia eletrdnica para identificar biofilmes de Listeria monocytogenes
(BORUCKI et al., 2003; LOURENCO et al., 2013), Campylobacter jejuni (MOE et al., 2010), entre
outros.

Cabe ainda ressaltar que durante o desenvolvimento do projeto foram realizadas outras
coloragdes a fim de identificar a presenca de biofilme e caracterizar de forma mais completa a

composic¢do da matriz extracelular. Utilizamos as coloragGes de Alcian Blue em pH 1,0, PAS e PAS-



diastase. No entanto, tais preparacfes apresentarem muitas marcagdes inespecificas, ndo sendo
consideradas neste estudo.

Mucopolissacarideos ou glicosaminoglicanos estdo envolvidos na formacdo de biofilmes
bacterianos. Mack e colaboradores (1996) mostraram que o polissacarideo da adesina intercelular
(PIA) de Staphylococcus epidermidis é formado por um glicosaminoglicano linear. Além disso, o
acido hialurdnico da suporte ao crescimento in vitro de biofilme de Streptococcus (YADAV et al.,
2013). O alginato é composto por &cidos manurdnico e gulurénico. Estudos anteriores demonstraram
que o alginato € exopolissacarideo de biofilmes de Pseudomonas aeruginosa (BJARNSHOLT et al.,
2009a; HOFFMANN et al., 2005; MAY et al., 1991). Recentemente, Sapi e colaboradores (2012)
mostraram in vitro que o alginato esta presente na matriz do biofilme de B. burgdorferi. Leptospira
spp. possuem genes relacionados com a biossintese de alginato (RISTOW et al., 2008) e é possivel
que este polissacarideo participe na composic¢ao e no metabolismo do biofilme.

Dos 86 animais capturados, 88,4% estavam colonizados por Leptospira interrogans. Em um
estudo semelhante realizado em uma populacao de ratos capturados em Pau da Lima, Salvador, Costa
et al. (2015), encontrou a mesma taxa de positividade (88%), utilizando qPCR de amostras de rim
como método de triagem. A maioria dos animais positivos neste estudo foram fémeas sub-adultas, o
que também estd de acordo com Costa et al. (2015). Em nosso estudo, ndo encontramos diferenca
estatistica para a proporcao de positividade de acordo com a idade ou 0 sexo dos animais, ou vales
onde os animais foram capturados. Os autores supracitados observaram que a carga de leptospiras
oscilou entre os locais de captura, mas ndo variou com sexo ou idade.

N&o encontramos diferencas estatisticas relacionadas com a demografia de ratos que
apresentavam biofilme renal, no entanto, observamos tendéncias quanto ao local de captura (vale 4) e
a idade dos animais, uma vez que sub-adultos tiveram uma chance maior de desenvolver biofilme. Os
ratos sdo colonizados muito cedo (COSTA et al., 2015a; SANTOS et al., 2015) e existe a hipoOtese de
que a leptospirose seja transmitida verticalmente. Portanto, é esperado que animais sub-adultos
apresentem colonizacdo e, como consequéncia, a formacéo de biofilme.

A intensidade de colonizacdo variou entre os individuos analisados, independentemente da
idade, sexo ou local de captura. No entanto, notamos uma correlacdo positiva importante entre a
intensidade dos tubulos colonizados e formacgdo de biofilme. Isto indica que quanto maior for o
namero de tubulos colonizados no cortex, provavelmente maior € a dispersdo de Leptospira no tecido
e a formacdo de biofilme. Se considerarmos o nimero de CT como uma medida da populacdo de
Leptospira no tecido, poderiamos possivel inferir que a intensidade de colonizagdo possibilitaria um
quorum sensing para a formacdo de biofilmes. No entanto, a carga bacteriana avaliada por gPCR

mostrou relacdo com a formacao de biofilme. Temos de avaliar esses dados com cuidado, uma vez



que ha uma diferenca entre os resultados de analise histolégica e PCR, que é uma técnica mais
sensivel. Ele pode sugerir que o nimero de tabulos colonizadas podem ndo ter relacdo com a carga
bacteriana. Ou, ainda, a analise de co-localiza¢do por quantidade de tdbulos marcados €, de alguma
forma, enviesada devido ao nimero de secgdes renais avaliadas.

A apresentacdo mais comum de marcacdo por IHQ anti-L. interrogans em ratos colonizados
foi restrita @ membrana de células do epitélio renal, o que denominados oclusdo parcial de tdbulos
colonizados (TC). Em estudo prévio o mesmo padrdo de marcagdo foi encontrado em metade dos
animais avaliados (SANTOS et al., 2015). O outro padrdo de marcagdo observado nesse estudo,
ocluindo a luz tubular, ja foi previamente observado (ATHANAZIO et al., 2008; SANTOS et al.,
2015). No entanto, a maioria dos animais que apresentaram biofilme apresentaram um padréo de
marcacdo por IHQ anti-L. interrogans com oclusdo total / parcial de TCs. Tais diferencas podem estar
relacionadas a diferentes cargas de leptospiras. Estes dados podem também indicar que quanto mais
TCs sdo colonizados, mais existe biofilme.

Até o momento ndo conhecemos o padrdo de distribuicdo dos tubulos colonizados na regido
cortical de ratos ou outros reservatorios animais de leptospiras. Descrevemos aqui que ratos
colonizados e ratos com biofilme apresentaram TCs aglomerados em uma distribuicdo multifocal. E
possivel inferir, entdo, que as leptospiras possuem a capacidade de infectar o rim difusamente e, em
seguida, migrar através de tecidos e colonizar regiGes focais do cortex, onde grupos de tubulos
colonizados séo visiveis.

A andlise histopatoldgica revelou a presenca de alteragdes patologicas minimas na maioria dos
animais positivos, e a alteracdo patoldgica mais frequente foi nefrite intersticial cronica, concordando
com estudos anteriores de ratos cronicamente infectados (AGUDELO-FLOREZ et al., 2013;
TUCUNDUVA DE FARIA et al.,, 2007). Tal alteracdo foi mais frequente nos rins de ratos
colonizados, com ou sem biofilme, o que indica que a presenca de biofilme ndo interfere em qualquer
lesdo histopatoldgica especifico. Ndo foram observadas diferencas significativas relativas a locais de
captura, idade, sexo. Uma vez que os ratos capturados foram expostos a diversos fatores ambientais,
incluindo outros agentes patogénicos, ndo é possivel determinar se as alteragdes encontradas ocorrem
devido exclusivamente a presenca de leptospiras dentro dos tbulos. No entanto, 0 nimero amostral

pode ter sido uma limitacdo para tal analise.



6. LIMITACOES DO ESTUDO

A diferenca entre os resultados de positividade para o AB e co-localizacdo pode ser
justificada, em parte, pela dificuldade de realizar a técnica de co-localizacdo manualmente através da
microscopia 6tica. Além disso, a distancia entre as sec¢des coradas por IHQ anti- L. interrogans e AB
foi de cerca de 12 micrémetros, que pode ser uma longa distancia entre as secdes para este tipo de
analise. Também €é importante lembrar a anatomia dos tabulos contornados, o que pode dificultar
ainda mais o processo de co-localizacdo. Por fim, analisamos apenas uma secdo IHQ por animal, o
que pode ter subestimado a proporc¢édo de ratos com co-localizagédo positiva.

A carga bacteriana avaliada por qRT-PCR ndo mostrou qualquer relacdo com a formacédo de
biofilme, ao contrario do que foi demonstrado pela avaliacdo da intensidade de colonizagdo através da
técnica histologica. Estas diferencas podem explicadas pelas diferencas existentes entre as técnicas
histolégica e molecular utilizadas, a ultima sendo mais sensivel. Este resultado pode indicar que o

namero de tabulos colonizados no IHC pode ndo ter relagdo com a carga bacteriana no rim.



7. CONCLUSOES

Através deste estudo concluimos que Rattus norvegicus sinantropicos produziem biofilme
durante a colonizagdo renal por Leptospira interrogans. A matriz exopolissacaridica da matriz é
composta por sacaridos anidnicos, mas ndo por mucinas. Os ratos que apresentam biofilmes renais
apresentaram padrdo de infeccdo multifocal por Leptospira e a presenca de biofilme foi
correlacionada com a intensidade dos tubulos colonizados. Biofilme ndo foi relacionada com a idade,
sexo ou local de captura dos ratos ou com qualquer lesdo histopatologica especifica. Nossos
resultados contribuirdo para melhor compreeender a biologia deste patdégeno e a patogénese da
leptospirose em reservatorios animais. Além disso, podem gerar um impacto na compreensdo sobre a

transmissdo da leptospirose e a manutencéo do ciclo da doenca.
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ANEXO 1. FOLHA DE ANALISE HISTOPATOLOGICA RENAL
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Data analise

Analise semi-quantitativa (0 a 3+): 0 ausente; 1+ discreto; 2+ moderado; 3+ intenso.
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Abstract

We evaluated the renal colonization by Leptospira interrogans in Rattus norvegicus (rats), as it is the
major natural reservoir of urban leptospirosis. We caught 72 R. norvegicus, out of which 32 were
found to be positive for L. interrogans by immunofluorescence assay. From these rats, we selected 17
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and divided them into six groups based on the mass-age/sex. We performed the immunohisto-
chemistry test against L. interrogans in the kidney sections of the rats and systematically counted the
colonized tubules (CTs) in 20 fields. The proportion of positive fields varied from 5% to 95%. The
number of CTs in 20 fields varied from 0.5 to 85.5. These differences were not related to age or sex of
the animals. The characterization of leptospiral colonization patterns in the natural reservoirs is im-
portant to better understand the host-pathogen interactions in leptospirosis.

Key words: Leptospira interrogans, renal colonization, natural reservoirs, Rattus norvegicus.

In Brazil, every year around 5,000 patients are re-
ported to have leptospirosis (Brasil Ministério da Saude,

2012). Weil’s syndrome, the severe form of leptospirosis, is
caused by pathogenic Leptospira spp., which is character-
ized by acute renal failure, hepatic failure, and hemor-
rhages. The mortality rate of this syndrome has reached

15% (Ko et al., 1999). However, the severe pulmonary
hemorrhage syndrome has a mortality rate up to 70%
(Gouveia et al., 2008). The highest prevalence of
leptospirosis is reported during heavy rainy seasons in ur-
ban settings. In those areas R. norvegicus is the major car-
rier of pathogenic leptospires. They are chronically
colonized by these spirochetes in the renal tubules, excret-
ing them in urine, and contaminating the environment
(Levett, 2001).

Leptospires colonize the proximal convoluted tubules
of R. norvegicus, forming dense aggregates of bacteria

Send correspondence to P. Ristow. Laboratério de Bacteriologia e

paularistow3@gmail.com.

This study was performed in Pau da Lima and Sete de Abril,
two neighborhoods in Salvador, Bahia, Brazil, with high
incidence of severe leptospirosis (Reis et al., 2008). The
rats were systematically caught from June to Septem- ber
2010. The sampling methodology involved setting of

20-25 Tomahawk traps in peridomiciliary areas of five con-
tinuous households at each site (seven sites were located in
Pau da Lima and two sites in Sete de Abril), for 5 days (Por-
ter et al., 2015). The households had a previous history of
severe human leptospirosis, and they were geo-referenced
and selected randomly (Reis et al., 2008). The caught rats
were then transported to the Zoonosis Control Center,
where they were euthanized, and the kidneys were col-
lected during necropsies that followed biosafety protocol
levels 2 and 3 (Mills et al., 1995).

(Athanazio et al., 2008; De Faria et al., 2007). Despite
cortical bacterial colonization, renal tissue maintains its ar-
chitecture, presenting slight interstitial nephritis and a
small degree of cell degeneration (De Faria et al., 2007).
Persistent colonization indicates that kidney is an im-
mune-privileged site that promotes the survival of bacteria
(Monahan et al., 2009). Characterization of colonization
patterns in chronic reservoirs is important to understand the
pathogenic mechanism of Leptospira spp. and its mainte-
nance in the host. However, pathological studies on kid-
neys of urban rats are scarce. The relationship between the
carrier state and demographic factors, such as gender and
sex, or environmental predisposing factors, has not yet
been studied in synanthropic rats. We aimed to characterize
renal colonization by L. interrogans in R. norvegicus of dif-
ferent age and sex caught in slum areas with high incidence
of severe leptospirosis in Salvador, Bahia, Brazil.

Saulde, Universidade Federal da Bahia, Salvador, BA, Brazil. E-mail:

As a qualitative method, the immunofluorescence
(IF) imprint technique was carried out to screen the kidneys
for L. interrogans infection, following the exact protocol
described by Chagas-Junior et al. (2012). Kidneys were
collected and preserved in 10% buffered formalin. Data
were collected on standardized questionnaires, entered, and
validated in a unique database (Epi Info system). Rats posi-
tive for IF were classified into six groups according to age
and sex: juvenile males (200 g), juvenile females
(' 200 g), young adult males (201-399 g), young adult fe-
males (201-399 g), adult males (400 g), and adult females
(400 g). For each group, three rats were randomly se-
lected: two IF positive and one IF negative as a negative
control.

Formalized kidneys were embedded in paraffin wax,

and then 2- m sections were stained with hematoxylin-
eosin (HE) and submitted to immunohistochemistry (IH)
anti-L. interrogans for histopathology and leptospiral colo-
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nization studies, respectively. For the IH test, we followed
the protocol described by Croda et al. (2008), with some
modifications, which are as follows: tissues were
deparaffinized, sections were treated with 0.3% hydrogen
peroxide for 15 min at room temperature (RT), blocked by
incubation with 10% skimmed milk in 1x Phosphate
Buffered Saline (PBS), and incubated with primary anti-
bodies (1,000-fold dilution of polyclonal rabbit antibody
anti-L. interrogans serovar Icterohaemorrhagiae strain
RGA) at RT for 1 h. Samples were washed with 1% PBS
and then incubated at RT for 20 min with secondary anti-
bodies from the Histostain-Plus Kit (Invitrogen), adding 5%
of nonimmune rat serum to avoid unspecific reactions. En-
zyme reactions were tested using 3,3’-diaminobenzidine
(Sigma). Microscopic observations were performed using
an Olympus BX51 optical microscope. Two independent
and blinded observers performed screening observations of
IH sections. Rats positive for the IF test, but negative for the
IH test, were excluded from this study.

To evaluate the distribution and intensity of renal col-
onization by IH, each renal section was divided into quad-
rants. For each quadrant, we randomly selected five fields
in the cortex, totaling 20 fields. Observations were per-
formed using 40x objective with two readings per slide.
The number of colonized tubules (CTs), positively marked
by IH anti-L. interrogans, was registered for all fields
(CT20 count). The CT 20 count was considered a
quantitative measurement of infection. The arithmetic
mean between the two readings for the number of CT 20
count and the number of CTs per field was obtained.
Descriptive analysis was performed to compare the
quadrants and field positivity, as well as the number of
positive CTs between sex and mass-age groups. The
Mann-Whitney test (Epi Info) was performed to compare
the differences in CT 20 count related to sex and age.

This work was approved by the Institutional Animal
Care and Use Committee at the Oswaldo Cruz Foundation
(Salvador, Brazil; protocol number 003/2012).

We caught 72 rats (R. norvegicus), out of which 32
were found to be positive for L. interrogans by IF assay
(44%), and the kidneys were preserved in formalin for pos-
terior IH analysis. We randomly selected 11 positive rats
and 6 negative rats and divided them into six groups based
on the mass-age/sex. In one group (juvenile males), it was
not possible to come across two positive rats (n = 1). The
six IF-negative control rats were confirmed to have a nega-
tive IH result.

In the kidney IH analysis using anti-L. interrogans
antibodies, it was found that the proportion of positive cor-
tical quadrants varied from 25% to 100%, with high varia-
tion between the groups (Table 1). The proportion of fields
containing positive CTs was also heterogenic and varied
from 5% to 95%, with the maximum percentage obtained in
one juvenile female and one adult male. Also, there was a
wide variation in the total CT 20 count, with a minimum

value of 0.5 and a maximum of 85.5, demonstrating large
heterogeneity in the infection patterns in the carrier rats
(Table 1). The highest values of CT 20 count (83.5 in an
adult male and 85.5 in a juvenile female) were observed in
two rats, corresponding to 18.2% of the sample number.
Other animals presented much lower CT 20 count values,
from 0.5 to 26.5 (Table 1).

The proportion of positive rats (44%) was smallest
compared with those previously reported in the literature.
Recently, Costa et al. (2014) studied 84 rats and found the
prevalence of infection by L. interrogans to be 63.1%. In a
previous study, De Faria et al. (2007) studied 60 rats and
found 82% of prevalence. For all criteria examined regard-
ing the colonization patterns in the IH test, we observed dif-
ferences in colonization between individuals, regardless of
the group to which they belonged. However, no significant
differences were observed in kidney colonization (CT 20
count) of rats between sex (p = 0.33) or mass-age groups
(p = 0.67). These findings may be related to other individ-
ual characteristics or to environmental factors, such as the
bacterial inoculum in the environment. Although we did
not assess the environmental bacterial contamination, the

Figure 1 - Kidney sections of R. norvegicus stained positively for
immunohistochemistry (IH) anti-L. interrogans. In A, we observed a low
CT count and the tubules presented with IH staining restricted to the mem-
brane of epithelial renal cells. In B, massive colonization is shown, with a
high CT count, and the tubules also presented a pattern of IH staining oc-
cluding the lumen. Magnification: 400x
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Table 1 - Proportions of R. norvegicus kidneys colonized by L. interrogans and number of colonized tubules (CT) by immunohistochemistry.

CT 20 count™ % of quadrants with CT" % of fields with CT™ Mean no. of CT per field
Females
Juvenile 1 85.5 100 95 4.275
Juvenile 2 7 100 40 0.35
Young adult 1 19 75 40 0.95
Young adult 2 26.5 100 55 0.875
Adult 1 25 100 55 1.25
Adult 2 0.5 25 5 0.025
Males
Juvenile 25 50 10 0.125
Young adult 1 17 100 45 0.85
Young adult 2 10 50 15 0.5
Adult 1 55 25 5 0.275
Adult 2 83.5 100 95 4.175

“'Obtained by the mean of two counts of CT number in 20 randomly selected fields. “% of quadrants containing CT. "% of fields containing CT in 20 ran-
domly selected fields.



study site is endemic to leptospirosis, based on wide
active surveillance for severe cases (Reis et al.,
2008). It was al- ready shown that the presence of
open sewers or garbage accumulation in
peridomiciliary areas influences the risk of human
infection with Leptospira spp. (Reis et al., 2008).
These factors could also be important for the risk of
leptospiral infection in rats, and at the end,
determine the individual differences in colonization.
Another justifica- tion for the differences found in
our study could be individ- ual responses to the
presence of the parasite and/or specific immune
response. The lack of significant differences in this
study regarding sex and mass-age may also be related
to the small sample number, which is a limitation in
this study.

The patterns of colonization, according to the
distri- bution of positive CTs in the cortex, varied
among the 11

IH-positive rats: three exhibited widespread
colonization throughout the cortex, while eight
showed agglomeration of CTs in different cortical
regions (Figure 1). Slight differ- ences could be
observed according to the intensity of IH staining
of the tubules. Half of the rats had a pattern of
staining restricted to the membrane of renal
epithelium. The other half also had a pattern of
staining in the whole lu- men of the tubule
(complete occlusion of the CT; Figure 1), in
agreement with what was previously shown by
Athanazio et al. (2008). However, there is no
classification in the literature about the different
patterns of renal coloni- zation in rats or in other
reservoirs of leptospirosis. These findings may be
related to particularities of each individual
regarding the transmission route, bacterial load,
immune response, or environmental factors that
influence the infec- tion.

HE revealed preservation of renal tissue
architecture. A small degree of cell degeneration
was evidenced by the presence of tubular
amorphous pink material. Other find-

ings were the presence of a small degree of hyaline
droplet degeneration and a minimal amount of
inflammatory infil- trate, agreeing with renal
pathology previously described by De Faria et al.
(2007).

We have characterized the colonization
aspects in the kidneys of rat reservoirs of
leptospirosis. The heterogeneity of colonization
patterns, regardless of age or sex, suggests the
possible influence of other host or environmental

factors affecting animal maintenance of
leptospirosis. This study will contribute to the
better understanding of the pa- thology and
pathogenesis of L. interrogans in host reser-
VOirs.
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