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O mediocre discute pessoas.
O comum discute fatos.

O sabio discute ideias.
Provérbio Chinés

Por causa do ferreiro, perdeu-se o prego;

por causa do prego, perdeu-se a ferradura;
por causa da ferradura, perdeu-se o cavalo;
por causa do cavalo, perdeu-se 0 mensageiro;
por causa do mensageiro, perdeu-se a carta;
por causa da carta, perdeu-se a guerra.

Provérbio Chinés

Uma pessoa inteligente resolve um problema, um sabio o previne.

Albert Einstein
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RESUMO

Febre Q é uma zoonose cosmopolita causada por Coxiella burnetii, uma bactéria
intracelular obrigatoéria gram-negativa da ordem Legionellales. A doenca, que ocorre
como pequenos surtos ou casos isolados, tem amplo espectro clinico, desde doenca
febril limitada, pneumonia, hepatite a endocardite e meningoencefalite. Pequenos
roedores silvestres sdo importantes reservatorios, mas a infeccdo humana esta
principalmente relacionada a ovelhas, cabras e gado bovino, embora gatos, caes e
coelhos estejam implicados em surtos urbanos. Na populagdo humana a transmisséo
ocorre por aerossois provenientes de liquido amnidtico, placenta e 1&, além da urina,
fezes, leite e outras secregOes animais contendo o agente. No Brasil, a primeira
descricdo de febre Q ocorreu em 1953. Embora casos esporadicos confirmados por teste
soroldgico e estudos sorologicos tenham apontado para a presenga de C. burnetii no
Brasil, somente em 2008 o agente foi identificado por analise molecular em paciente no
municipio de Itaborai/RJ. Com a consequente caracterizacdo da infeccdo também nos
animais domésticos de propriedade do paciente, durante o periodo de 2010-2011, o
presente estudo foi proposto com o objetivo de: (i) realizar a vigilancia de febre Q em
pacientes com suspeita de dengue internados no Hospital Municipal Desembargador
Leal Junior, em Itaborai, durante o periodo de 24 meses; (ii) verificar a presenca de
infeccdo nos familiares dos casos de febre Q; (iii) analisar os animais de propriedade
dos casos de febre Q; (iv) investigar a presenca de C. burnetii em animais silvestres
capturados nas areas de onde procederam os casos de febre Q e (v) pesquisar C. burnetii
nos artropodes coletados nos animais. Neste estudo foram utilizados o teste de
imunofluorescéncia indireta e a analise molecular (PCR) visando os elementos 1S1111
transposase no genoma de C. burnetii. Dos 272 pacientes atendidos no periodo de 2013
a 2014, 26 (10%) apresentaram anticorpos anti-C. burnetii e nove (3,3%) foram PCR
positivos. Um dos pacientes apresentou também infeccdo por dengue. A analise das
sequéncias genémicas obtidas demonstrou a elevada similaridade entre si (99-100%) e
com as sequéncias de C. burnetii depositadas no GenBank. Dos 35 animais domeésticos
estudados, seis foram sororreativos: 1/13 cdes, 3/13 gatos, 2/9 ovelhas. A andlise
molecular foi positiva em swab anal de um filhote de gato e em amostra de tecido do
Ubere da ovelha sororreativa com histdria de aborto. Todos os 59 animais silvestres dos
géneros Didelphis, Philander, Micoureus, Akodon, Oligoryzomys e Nectomys foram
negativos na analise molecular. Dos 283 artropodes analisados, DNA de C. burnetii foi
amplificado em oito dos 266 exemplares de Rhipicephalus sanguineus e em um
exemplar de oito Amblyomma sculptum e nenhum dos sete Dermacentor nitens e duas
pulgas Ctenocephalides canis identificados. Os resultados comprovam a presenca de C
burnetii em Itaborai, confirmam a necessidade da inclusdo da febre Q no diagnostico
diferencial da dengue e alertam para a necessidade da sensibilizacdo dos profissionais
de saude sobre a ocorréncia desta zoonose no Brasil.
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ABSTRACT

Q fever is a worldwide zoonosis disease caused by Coxiella burnetii, a gram-negative
obligate intracellular bacterium of the legionellales order. The disease, which occurs as
individual cases or small outbreaks have broad-spectrum clinical manifestation from
limited febrile disease, pneumonia, endocarditis, hepatitis and meningoencephalitis.
Small wild rodents are important reservoirs, but human infection is mainly related to
sheep, goats and cattle, although cats, dogs and rabbits are involved in urban outbreaks.
In human population, transmission occurs by aerosol from amniotic fluid, placenta and
wool, as well as urine, feces, milk and other animal secretions, containing the agent. In
Brazil, the first Q fever description occurred in 1953. Although sporadic cases
confirmed by serological testing and sero-epidemiological studies have pointed to the
presence of C. burnetii in Brazil, only in 2008 it was possible identify the agent in a
patient's municipality of Itaborai/RJ by molecular assay. With the consequent
characterization of the infection also in domestic animals owned by the patient during
the period 2010-2011, this study was proposed with the aim of: (i) conduct surveillance
of Q fever in hospitalized patients with suspected dengue in Itaborai at the Hospital
Municipal Desembargador Leal Junior, during the period of 24 months; (ii) to verify the
presence of Q fever infection in family cases ; (iii) analyzing, animals the property Q
fever cases; (iv) investigate the presence of C. burnetii in wild animals captured in areas
from which proceeded cases of Q fever and (v) search C burnetii in arthropods collected
from animals. This study used the indirect immunofluorescence assay and molecular
analysis (PCR) targeting the 1S1111 transposase elements in the genome of C. burnetii.
Of the 272 patients assisted from 2013 to 2014, 26 (10%) had anti-C. burnetii
antibodies, and nine (3.3%) were PCR positive. One of these patients had also dengue
infection. The analysis of the genomic sequences obtained showed high similarity to
each other (99-100%) and the sequences of C. burnetii in GenBank. Of the 35 domestic
animals studied, six were seroreactive: 1/13 dogs, cats 3/13, 2/9 sheep. Molecular
analysis was positive in anal swab of a young kitten and tissue sample from the udder of
sororreativa sheep with abortion history. All 59 wild animals Didelphis, Philander,
Micoureus, Akodon, Oligoryzomys and Nectomys were negative by molecular analysis.
Of the 283 arthropods analyzed, C. burnetii DNA was amplified in eight of 266
Rhipicephalus sanguineus and a specimen of 8 Amblyomma sculptum and none of 7
Dermacentor nitens and 2 fleas Ctenocephalides canis identified. The results show the
presence of C. burnetii in Itaborai, confirm the need for inclusion of Q fever in dengue
differential diagnosis and point to the need of awareness among health professionals
about the occurrence of this zoonosis in Brazil.
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1. INTRODUCAO

1.1 Consideracg0es Gerais

Febre Q é uma zoonose cosmopolita causada por Coxiella burnetii (Derrick, 1939;
Philip. 1948). Descrita pela primeira vez em trabalhadores de abatedouro em Queensland,
Australia, a febre Q, cujo nome faz referéncia ao termo “query” (febre query), ¢ um
importante problema de salde publica na Europa, especialmente na Holanda e Franga, na
Australia e, mais recentemente, no continente norte americano com o crescente nimero de
casos notificados nos Ultimos cinco anos e, onde em torno de 3% da populacéo adulta geral é
sororreativa (Georgiev et al, 2013; Anderson et al, 2009; Maurin & Raoult, 1999).

Com vérios surtos epidémicos e relatos de casos em diversas regies do mundo, com
excecdo da Nova Zelandia, a infeccdo por C. burnetii tem sido predominante identificada
como doenca ocupacional, associada com ruminantes, embora mais recentemente venha
sendo observado 0 aumento de casos em area urbana, cuja transmissdo tem sido relacionada
com animais de companhia como gatos e caes (Fournier et al, 1998).

Com base nos artigos de revisdo disponiveis na literatura, considerando que na maioria
dos paises a febre Q ndo esta incluida na lista das doencas de notificacdo compulsoria, se
constata 0 escasso conhecimento sobre esta zoonose em muitos paises africanos e latino
americanos (Figura 1.1) (Georgiev et al, 2013; Anderson et al, 2009; Maurin & Raoult, 1999).

Areas endémicas
M 50/100.000 hab / ano
M 4,99 /100.000 hab / ano
M 0,35 /100.000 hab / ano

0,4/1000.000 hab / ano
90 casos / ano
|7 46 casos / ano
M 6 casos / ano
M 3.5 casos / ano
Pequenos Grandes
surtos surtos
[l 814 casos ] 4000 casos
M 300 casos [ 2610 casos
B 98 casos 9241 casos
58 casos 150 casos/100.000 hab em 2005
> 10 casos relatados

Figura 1.1. Distribuigdo da febre Q humana, com bases em revis@es bibliograficas e relatos de

Casos.



Neste cenario, a epidemiologia da febre Q tem sido caracterizada, a partir de
investigacOes de surtos definidos e de inquéritos soroldgicos realizados na populagdo humana
ou em animais, predominantemente nos paises do hemisfério norte e Austrélia (Angelakis &
Raoult, 2011; Maurin & Raoult, 1999).

1.2. Etiologia

1.2.1 Caracterizacdo do Agente Etioldgico

Coxiella burnetii € uma pequena bactéria intracelular obrigatoria gram-negativa e
pleomorfica (0,2 a 0,4 um de largura, 0,4 a 1 um de comprimento). Apesar de possuir uma
membrana semelhante & de uma bactéria Gram-negativa, geralmente ndo é capaz de ser
corada pela técnica de Gram. O método de Gimenez (Gimenez, 1964) é geralmente usado
para corar C. burnetii em amostras clinicas ou culturas de laboratério. Uma vez que C.
burnetii ndo pode ser cultivada em meio axénico e tem sido recuperada de carrapatos, foi
inicialmente classificada na ordem Rickettsiales, na familia Rickettsiaceae, € no grupo
rickettsias juntamente com os géneros Rickettsia e Rochalimaea. No entanto, andlises
filogenéticas, baseadas principalmente na sequéncia 16S rRNA, mostraram que 0 género
Coxiella pertence a subdivisdo gama de Proteobactéria, com 0s géneros Legionella,
Francisella e Rickettsiella (Raoult et al, 2005; Stein et al, 1993).

O genoma do primeiro isolado americano de C. burnetii, que foi identificado a partir de
um carrapato e denominado cepa Nine Mile, apresenta 1.995.275 pb. A analise mostrou que o
genoma de C. burnetii possui mais genes envolvidos em processos metabdlicos do que outras
bactérias intracelulares, tais como Chlamydia, Rickettsia e Anaplasma. C. burnetii tem um
cromossoma circular e um plasmideo facultativo. Quatro tipos de plasmideo foram
identificados, embora nem todas as cepas apresentem plasmideos. Curiosamente, em estudo
realizado em modelo murino, autores identificaram uma provavel correlacdo entre a fase de
lipopolissacarideo (LPS) e o tipo de plasmideo com as manifesta¢des clinicas de febre aguda
(Angelakis & Raoult, 2011).

Estas observagdes e comparagdes com 0s genomas de outras bactérias intracelulares
obrigatorias sequenciadas sugerem que C. burnetii pode ter uma transi¢do relativamente
recente em seu ciclo de vida atual (Seshadri et al, 2003).

Coxiella burnetii € considerado um agente de classe de risco 3 e sendo classificada um
agente classe B de ameaca bioterrorista pelos Centros dos EUA em atividades para Controle e
Prevencdo de Doencas e tem atraido muita atencdo da comunidade cientifica desde 2009

(CDC, 2007). Esta y-proteobactéria, embora nédo tenha elevada taxa de letalidade, se utilizada



como arma biologica em forma de aerossol tem a capacidade de se dispersar numa linha de 2

km e provocar doenga incapacitante aguda (Madariaga et al, 2009).

1.2.2 VariacOes Antigénicas e Ciclo de Vida Intracelular

Coxiella burnetii apresenta variacdes antigénicas semelhantes a variacdo lisa-rugosa da
familia Enterobacteriaceae. A variacdo de fase esta relacionada principalmente a mutagdo no
lipopolissacarideo (LPS). A fase I, a fase natural encontrada nos animais infectados,
artropodes ou seres humanos, correspondente ao LPS de variacgdo lisa, é altamente contagiosa,
pois uma unica bactéria € suficiente para infectar o homem (Angelakis & Raoult, 2011). LPS
fase 1, com sua estrutura de carboidratos estendida, bloqueia o acesso de anticorpos para
proteinas de superficie, evento que explica, em parte, a persisténcia da bactéria em locais
protegidos da resposta imune, apds recuperacdo de casos agudos de febre Q, na presenca da
soropositividade ao longo da vida (Fournier et al, 1998).

Em contraste, a fase Il, de menor infectividade e obtida somente em laboratorios, apos
passagens seriadas em culturas celulares ou em ovos embrionados, corresponde ao LPS da
variacdo rugosa. A fase Il, ao contrario da fase I, exibe um LPS truncado na qual se identifica
a auséncia de algumas proteinas determinantes da superficie celular (Angelakis & Raoult,
2011; Angelakis & Raoult, 2010).

Como microrganismo intracelular que utiliza receptores especificos eucariéticos como
as integrinas para invadir células hospedeiras, C. burnetii fase Il penetra nos macrofagos
humanos, a partir do receptor CR3, enquanto que C. burnetii fase | infecciosa, ao contréario,
blogueia a entrada através do receptor CR3, além de se ligar a mondcitos humanos pelo
complexo de LRI (leucocitos resposta integrina, avP3) e IAP (integrina-associada proteina).
Assim, curiosamente, enquanto C. burnetii de fase | apesar de ser mal internalizada pelos
monacitos e macrofagos, sobrevive dentro dessas células, a bactéria na fase Il € interiorizada
com facilidade pelos mondcitos e macrofagos, mas rapidamente eliminada pela via
fagolisossomial (Maurin & Raoult, 1999).

A resposta sorolégica em infecgdes agudas é principalmente contra a bactéria de fase 11,
enquanto na infeccdo cronica ha resposta soroldgica para a fase | e 1. Antigenos de fase | séo
menos imunogénicos que antigenos de fase Il (Madariaga et al, 2009).

Como bactéria intracelular obrigatéria que completa o seu ciclo de desenvolvimento no
fagolisossomo, C. burnetii pode existir em duas formas morfoldgicas distintas: (i) a variante
de grandes células (LCV), a forma metabolicamente ativa e menos eletro-densa que se

desenvolve para persistir no fagolisossomo acidificado de mondocitos ou macréfagos, (ii) a



variante de pequenas células (SCV) e ainda (iii) 'esporos-like' particulas, que podem persistir
tanto no fagolisossoma quanto em condigdes ambientais extremas (Voth et al, 2009).

O ciclo de desenvolvimento de C burnetii € composto por divisdo binaria transversal e
esporulacdo. As formas de 'esporos-like' sdo resistentes ao calor e desinfeccdo e sobrevivem
por um longo tempo no ambiente. Estas formas 'esporos-like', por ndo possuirem &cido
dipicolinico e um revestimento rico em cisteina, sdo diferentes dos esporos cléssicos
encontrados em organismos Gram-positivos (Madariaga et al, 2009). A manutencdo da
infeccdo por C. burnetii depende da sua multiplicacdo no interior de um vacuolo acido e da
capacidade de evitar atividade microbicida nos macrofagos do hospedeiro. Em contraste com
outras bactérias intracelulares, como Legionella ou Mycobacterium, a adaptagdo de C.
burnetii para o ambiente intracelular € um pré-requisito para a sua sobrevivéncia e sua
multiplicacdo (Baca & Paretsky, 1983). O meio acido ndo somente permite a penetracdo de
nutrientes necessarios para o metabolismo de C. burnetii (Hackstadt & Williams, 1981) como
também protege a bactéria do tratamento antimicrobiano, uma vez que a atividade dos
antibidticos é alterada pelo pH acido, fato que explica as recaidas de febre Q apesar do
tratamento antibacteriano. Neste contexto, agentes lisossomotropicos, como a cloroquina, que
alcalinizam o fagolisossomo, combinados com doxiciclina, possibilitam estimular o

“maquinario” microbicida dos macréfagos contra C. burnetii (Maurin et al, 1982).

1.2.3 Ciclo de vida e manutencdo na natureza

Na natureza tém sido identificados dois ciclos distintos que possibilitam a perpetuacéo
da infec¢do por C. burnetii; o ciclo urbano/rural com a participacdo dos animais domésticos e
um segundo, caracteristicamente silvestre, com a participacdo de animais como marsupiais,
roedores, lagomorfos, entre outros, além de alguns ectoparasitas, principalmente, carrapatos.
Embora ndo tenham importancia na transmissdo para o0 homem, carrapatos podem
desempenhar um papel significativo na transmissdo de C. burnetii entre os vertebrados. As
relacfes entre os dois ciclos epidemioldgicos se encontram esquematizadas na figura abaixo
com base nas informagGes obtidas de fontes bibliogréficas de diversos autores (Figura 1.2)
(Maurin & Raoult, 1999; Fournier et al, 1998; Angelakis & Raoult, 2010), considerando que
0S carrapatos, sdo capazes de permanéncia no ambiente por longo periodo, atuam como
elemento de ligagdo dos ciclos, entre animais silvestres e domésticos (Angelakis & Raoult,
2011). Assim, além dos ruminantes, animais de estimacdo, incluindo gatos, coelhos e cées,
tém sido também identificados como potenciais fontes de surtos urbanos (Angelakis &
Raoult, 2010).



e

Ciclo entre animais domésticos Ciclo entre animais silvestres
Figura 1.2. Figura esquematica ilustrando a inter-relacdo entre os ciclos da perpetuacdo da
infeccdo na natureza entre animais domésticos e animais silvestres (Maurin & Raoult, 1999;
Fournier et al, 1998; Angelakis & Raoult, 2010).

1.3. Patogenia

A infeccéo por C. burnetii no homem pode variar de infec¢do assintomatica até uma doenca
fatal e pacientes sintomaticos podem apresentar um amplo espectro clinico como pneumonia,
hepatite, encefalite, ou miocardite, entre outras manifestagdes (Maurin & Raoult, 1999).

Quatro fatores contribuem e podem explicar essa variacdo na apresentacao clinica da
febre Q: (i) a via de infeccdo por C. burnetii, incluindo aerossol ou via digestiva; (ii) a dose de
inoculacdo de C. burnetii, (iii) a variante infectante de C. burnetii, que pode apresentar
potenciais de viruléncia diversos; e (iv) fatores do hospedeiro, incluindo o estado imunolégico
do paciente infectado (Maurin & Raoult, 1999).

Com relacdo as variantes infectantes de C. burnetii e & imunopatogenicidade na febre
Q, 1zzo e Marmion (1993) sugerem que as bactérias de fase I, que se multiplicam no
fagolisossoma de macrofagos, teriam uma vantagem de sobrevivéncia pela baixa
regulacdo da producdo de IFN- vy, ja que de outra forma, a célula hospedeira seria ativada
com geracdo de metabdlitos bactericidas. Evento inverso ocorre com C. burnetii na fase
I, mais facilmente eliminadas pela sua incapacidade de restringir a resposta IFN-y,
consequéncia, talvez, dos seus LPS truncados que se ligam a outros receptores de CD14
no macréfago (Maurin & Raoult, 1999).



A via de inoculacdo C. burnetii em humanos também pode determinar, em parte, a
manifestacdo clinica predominante. A pneumonia é a forma mais frequente quando a fonte de
transmissao ocorre através de aerossois contaminados. A hepatite granulomatosa passa a ser a
manifestacdo clinica predominante quando a transmissao ocorre através da ingestdo de leite
cru. No homem, a gravidade da febre Q aguda também tem sido associada em funcao da dose
do indculo infectante. Finalmente, fatores do hospedeiro, em especial o estado imunoldgico
do paciente, decorrentes de um estado de imunodepressdo, gravidez, da presenga de
valvopatia ou de prétese de valvula cardiaca podem influenciar o curso da infec¢éo, incluindo

a evolucdo para doenga cronica (Maurin & Raoult, 1999, Angelakis & Raoult, 2010).

1.4. Modo de transmisséo

A via de aerossol é o principal modo de transmissdo de C. burnetii para 0 homem A
transmissdo por aerossois pode ocorrer diretamente a partir de fluidos provenientes do parto
de animais infectados, contaminando animais recém-nascidos, placenta, ou la. Coxiella
burnetii € muito resistente a destruicdo na natureza, dispersando-se pelo vento e sobrevivendo
durante varias semanas em areas onde 0s animais estiveram presentes. Assim, a febre Q pode
ocorrer em pacientes cuja historia epidemiologica ndo se identifica qualquer contato evidente
com os animais (Angelakis & Raoult, 2011).

Ingestdo, em especial a ingestdo de leite cru, é um fator menos provavel na transmissao
de C. burnetii e que, até a presente data, ainda é um ponto de controvérsia. Assim como a
transmissdo de pessoa para pessoa, que é um evento extremamente raro, casos esporadicos de
febre Q humana tém sido identificados: i) ap6s o contato com uma parturiente infectada (em
um obstetra que realizou um aborto), ii) via de transmissdo transplacentéria resultando em
infeccBes congeénitas, iii) durante as necropsias, iv) através de inoculacdo intradérmica, ou Vv)
através de transfusdo de sangue (Maurin & Raoult, 1999).

Apesar de C. burnetii ter sido isolada de artrépodes, principalmente carrapatos, é
improvavel que a transmissdo da febre Q por artrépodes em humanos seja significativa,
embora cédes possam ser infectados por picada de carrapato. Salienta-se que 0s vetores
bioldgicos desempenham um papel significativo na transmissdo de C. burnetii entre 0s
vertebrados silvestres, em particular nos roedores, lagomorfos e aves selvagens (Angelakis &
Raoult, 2010). A transmissdo sexual de C. burnetii foi demonstrada experimentalmente em
camundongos infectados, e alguns estudos revelam que este tipo de transmissdo foi
estabelecido também entre humanos (Miceli et al, 2010; Milazzo et al, 2001; Kruszewska et
al, 1996).



1.5. Estudos Soro-epidemiologicos

O numero de estudos soro-epidemioldgicos tem crescido significativamente nos Gltimos
15 anos, predominantemente nos paises do hemisfério norte, demonstrando, assim, a
necessidade de mais pesquisas, principalmente no Brasil, pais cuja circulacdo de C. burnetii
tem sido confirmada desde a década de 1950. No quadro 1.1 é apresentada uma série dos
principais estudos de soroprevaléncia realizados em diferentes regides do mundo, devendo ser
considerado, no entanto, que as prevaléncias estimadas foram baseadas em testes soroldgicos

e cut-offs diferentes, fatores que limitam a comparacao dos resultados apresentados.

Quadro 1.1. Principais Estudos de Soroprevaléncia de Anticorpos anti-C. burnetii em

Diferentes Populagdes (1999 a 2015).

Pais Populacao Soroprevaléncia (%) Referéncia
Australia Populagdo geral 52;7,0;65 (Tozer et al, 2011; Islam et
al, 2011; Parker et al, 2010)
Bosnia and Populagéo saudavel 35,2 (Hamzi¢ et al, 2005)
Herzegovina
Brasil Pacientes positivos HIV 3,2 (Lamas et al, 2009)
Bulgaria Doadores de sangue 38,0 (Serbezov et al.,1999)
Canada Pastores 28,4 (Dolcé et al, 2003)
China Fazendeiros 6,4 (Zhang et al, 2008)
Croacia Pacientes febris 27,5 (Vilibic-Cavlek et al, 2012)
Dinamarca Trabalhadores expostos a animais 11,0 (Bosnjak et al, 2010)
Inglaterra Mulheres gravidas 4,6 (Baud et al, 2009)
Egito Pessoas saudaveis expostas a 5,0 (Mazyad & Hafez, 2007)
animais
Franca Centro educacional agricola 14,7 (King et al, 2011)
Mulheres gravidas 0,15 (Rey et al, 2000)
Mulheres gravidas /Grupo de 2,6;5,5; 14,7 (Tissot-Dupont et al, 2007)
risco/em &rea de surto
Alemanha Veterinarios 38,0 (Bernard et al, 2012)
Os agricultores cujos animais 22,0 (Georgiev et al, 2013)
tiveram abortos
Grecia Populagdo geral 7,5 (Pape et al., 2009)
Italia Trabalhadores expostos a animais 73,4 (Monno et al, 2009)
Guardas florestais 2,8 (Cinco et al, 2006)
Japéo Veterinarios, trabalhadores da area | 13,5;5,1;3.6 (Abe et al, 2001)
médica, Doadores de sangue
Kenya Soros arquivados de pacientes que 30,9 (Knobel et al, 2013)
visitaram uma clinica rural
Holanda Pacientes 16,9 (Hagenaars et al, 2014)
Seres humanos em fazendas de 72,1 (Schimmer et al, 2014)
gado leiteiro
Moradores de fazendas de ovelhas | 66,7 ; 51,3 (De Lange et al, 2014)
leiteiras e ndo leiteiras
Veterinarios 65,1 (Van den Brom et al, 2013)
Veterinarios e pacientes 100; 84,7 (Wielders et al, 2015)
Agricultores, visitantes e contatos
domiciliares 92; 56; 50 (Hackert et al, 2012)
Pacientes com historia de cirurgia
cardiaca valvar 20,4 (Kampschreur et al, 2012)
Grupo de alto risco
Estudantes de medicina veterindria | 10,7 (Kampschreur et al, 2013)




Mulheres gravidas que vivem em 18,7 (de Rooij et al, 2012)
uma area de alto risco 9,0 (van der Hoek et al, 2011)
Doadoes de sangue 4.4% (Slot et al., 2014)
Escocia Trabalhadores, juntamente com 41,9 (Wilson et al, 2010)
amostras ambientais
Senegal Populagdo rural 24,5 (Mediannikov et al, 2010)
Slovakia Estudantes de veterinaria 16,9 (P1*); 58,4 (PII*) (Dorko et al, 2011)
Funcionarios de unversidade 38,0 (PI) ; 63,0 (PII) (Dorko et al, 2008)
Espanha Doadores de sangue 23,1 (Bartolomé et al, 2007)
Estudantes de medicina veterinaria | 11,2 (Valencia et al, 2000)
Pessoas saudaveis 15,3 (Cardefiosa et al, 2006)
Tailandia Trabalhadores expostos a animais 26,3 (Chang et al, 2010)
Pacientes 4,2 (Ko et al, 2000)
Populagdo geral 4,2 (Ko et al, 2000)
Turquia Populagdo geral 13,5 (Gozalan et al, 2010)
Doadores de sangue 32,3 (Kilic et al, 2008)
Veterinarios 8,0 (Ergonal et al, 2006)
Pessoas saudaveis 7,1 (Berberoglu et al, 2004)
Populagéo geral 7,8 (Cetinkaya et al, 2000)
USA Técnico laboratério de animais 6,0 (Whitney et al, 2013)
Veterinarios militares 17,0 (Vest & Clark, 2014)
Militares 10,0 (Anderson et al, 2011)
Populagéo geral 3,1 (Anderson et al, 2009)
Veterinarios 22,2 (Whitney et al, 2009)

*Anticorpos de fase | e anticorpos de fase 1l

1.6. Situacéo no Brasil

No Brasil, descrita pela primeira vez em 1953, a febre Q, apesar de ser uma zoonose
amplamente distribuida, em discordancia com diversas regides do mundo, se resume a um
completo desconhecimento. De incidéncia e epidemiologia desconhecidas, as escassas
informacdes sobre a evidéncia soroldgica em humanos e animais se restringem aos estados da
Bahia, Minas Gerais, Rio de Janeiro e Sdo Paulo (Lamas et al, 2009; Siciliano, 2008;
Siciliano et al, 2007; Siciliano et al, 2006; Costa et al, 2006; Costa et al, 2005; Riemann,
1975; Riemann, 1974; Ribeiro-Netto et al, 1964; Borges, 1962; Valle, 1955; Travassos et al
1954; Brandao et al, 1953). Em um trabalho realizado no Rio de Janeiro com pacientes HIV
reativos, atendidos em servico de saude na regido administrativa de Jacarepagua, foram
identificados quatro pacientes do sexo feminino com anticorpos anti-C. burnetii e uma das
pacientes referia contato com material de parto de uma cadela (Lamas, 2009). Estas

informacgdes se encontram compiladas no quadro 1.2.



Quadro 1.2. Publicacdes baseadas em sorologia relativas a febre Q no Brasil.

Ano de Tema da publicagéo Referéncia
publicacao
1953 Estudo soroldgico em operarios de um frigorifico. Brand&o et al. 1953
1954 Febre Q no Rio de Janeiro. Travassos et al. 1954
1955 Investigacdo sobre a febre Q em S&o Paulo: estudo | Valle, 1955
em tratadores de gado e em bovinos
1962 Evidéncia sorolégica da febre Q em criadores no | Borges, 1962
Brasil
1964 Prevaléncia entre ordenhadores e trabalhadores de | Ribeiro-Netto et al,
gado leiteiro. 1964
1974 Anticorpos para o Toxoplasma gondii e Coxiella | Riemann, 1974
burnetii.
1975 Toxoplasma gondii e Coxiella burnetii entre os | Riemann, 1975

trabalhadores de matadouros brasileiros.

2005 Evidéncias sorolégicas em individuos sadios da | Costa et al, 2005

regido de Juiz de Fora.

2006 Relato 16 casos de febre Q em Minas Gerais. Costa et al, 2006

2006 Endocardite infecciosa, experiéncia em um hospital | Siciliano et al, 2006

de cardiologia em Séo Paulo.

2007 Inquérito  sorologico de Coxiella burnetii e | Siciliano et al, 2007

Bartonella spp.

2008 Endocardite por Coxiella burnetii Relato de caso. Siciliano, 2008

2009 Soroprevaléncia Coxiella burnetii em pacientes | Lamas et al, 2009

HIV positivos em Jacarepagua.

Em 2008 foi possivel detectar pela primeira vez no Brasil um caso de febre Q, a partir da
analise molecular, um caso de febre de origem obscura associada com trombocitose, cuja
amostra de sangue foi PCR-positiva (Lemos et al, 2011). Investigacdo realizada
subsequentemente em animais na propriedade do paciente possibilitou a identificacdo de
amostras de leite, swab das células da regido perianal e soro de animais da propriedade PCR-
positivas (Mares-Guia et al, 2014). Estes resultados confirmam que a necessidade de
investigacdo da provavel fonte de infeccdo € de extrema importancia principalmente na

interacdo saude publica e satde animal.




Na ultima década, dois estudos em pacientes com endocardite hemocultura-negativa
(EHN) foram publicados no Brasil. Um caso, em 2008, cuja anélise histopatoldgica associada
a coloracdo de Giménez do fragmento valvar refor¢ou o diagndéstico de febre Q com base na
deteccdo de anticorpos anti-C. burnetii. O segundo estudo retrospectivo, realizado em um
hospital de cirurgia cardiaca no Rio de Janeiro, com base em analise molecular (PCR),
identificou DNA C.burnetii em uma das 51 amostras de fragmento de valvulas cardiacas de
pacientes com EHN analisadas (Lamas et al, 2013; Siciliano, 2008).

Em concordancia com a literatura internacional na ultima década, que comprovam o
crescente numero de casos de febre Q, mais de 10 casos foram confirmados nos ultimos seis
anos no estado fluminense, considerando, no entanto, que somente em junho de 2014 esta
zoonose passou a ser de notificacdo compulséria (portaria no 1.271, de 6 de junho de 2014).
H& que se registrar um caso de febre Q, diagnosticado previamente como osteoartopatia
soronegativa em uma area urbana do municipio do Rio de Janeiro, cuja historia
epidemioldgica apontou para um petshop como provavel fonte de infeccdo (Rozental et al,
2012).

1.7. Infeccdo em Humanos — febre Q

A infeccdo por C. burnetii pode se apresentar com manifestacfes clinicas agudas ou
cronicas. No entanto, quase 60% dos casos de febre Q sdo assintomaticos. Entre os 40% dos
pacientes sintomaticos, a maioria (38% dos 40%) desenvolve uma doenca leve, sem a
necessidade de hospitalizacdo. Pacientes hospitalizados representam apenas 2% dos
individuos infectados e apenas um em cada 10 (0,2%) desenvolve a febre Q crénica. Essas
proporcdes correspondem aos dados obtidos a partir de anélise dos casos confirmados no sul
da Franca, onde as incidéncias de febre Q e a endocardite sdo, respectivamente, de 50/
100.000 habitantes e em 1/ milhdo de habitantes (Angelakis & Raoult, 2011; Maurin &
Raoult, 1999).

A febre Q aguda sintomatica se manifesta principalmente como uma doenca febril
autolimitada, pneumonia atipica, ou como uma hepatite granulomatosa, enquanto a
endocardite é a apresentagdo mais comum da febre Q crénica. No entanto, considerando o
amplo e inespecifico espectro clinico da febre Q, a doenga deve ser sistematicamente
considerada em pacientes febris com contato recente com animais parturientes (Quadro 1.3)
(Angelakis & Raoult, 2011; Maurin & Raoult, 1999).
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Quadro 1.3: Manifestacdes clinicas e complicacdes agudas em pacientes sintomaticos de

febre Q aguda e os achados laboratoriais mais frequentes em pacientes com febre Q.

Achados clinicos % dos pacie.nte?s com Achados biolégicos % dos pacie.nte'zs com
resultados indicados resultados indicados

Febre 88-100 Contagem normal de leucécitos 90
Fadiga 97-100 Trombocitopenia 25
Calafrios 68-88 Aumento dos niveis de transaminases 45-85
Dor de cabeca 68-98 Aumento dos niveis de bilirrubina 9-14,3
Mialgia 47-69 Aumento dos niveis de fosfatase alcalina 27,7-57
Suores 31-98 Aumento dos niveis de y-glutamil transferase 25-75
Tosse 24-90 Aumento dos niveis de creatina fosfoquinase 29
Nausea 22-49 Aumento dos niveis de lactato desidrogenase 33,3-40
Vomitos 13-42 Aumento dos niveis de creatinina 29-40
Dor no peito 10-45 Taxa de sedimentacdo de eritrdcitos elevada 43-87,5
Diarréia 5-22 Anticorpos de musculo liso 65
erupgdo cutanea 5-21 Anticorpos Antiphospholipase 50
Miocardite 0,5-1
Pericardite 1
Meningoencefalite 1
Morte 1-2

Fonte: Maurin e Raoult, 1999.

1.7.1. Febre Q Aguda

Ap6s um periodo de incubagdo de 2 a 3 semanas, dependendo do in6culo de C. burnetii,
0 paciente desenvolve um quadro infeccioso agudo caracterizado por febre alta, cansaco,
calafrios, mialgia e cefaleia. A manifestacdo clinica mais frequente da forma aguda € uma
doenga febril autolimitada associada com intensa cefaleia. Pneumonia atipica é também uma
frequente apresentacdo clinica e o quadro clinico pode variar de pneumonia clinicamente
assintomatica diagnosticada na radiografia de térax até insuficiéncia respiratoria aguda,
embora esta Ultima continue a ser extremamente rara (Angelakis & Raoult, 2011).

A hepatite é outra apresentacdo frequente da febre Q aguda, geralmente identificada
durante investigacdo laboratorial de pacientes com quadro hepatico com niveis aumentados de
aspartato aminotransferase [AST], alanina aminotransferase [ALT] e fosfatase alcalina.
Hepatomegalia pode ser clinicamente detectavel, mas a ictericia é rara (Angelakis & Raoult,
2011; Maurin & Raoult, 1999).

Alem dos quadros descritos acima, sucintamente, a infeccéo por C burnetii pode determinar
também endocardite, osteomielite, febre Q na infancia, manifestagdes neuroldgicas, exantema,
febre prolongada sem causa aparente, trombocitopenia ou trombocitose reativa, além das
complicacdes da febre Q aguda (Angelakis & Raoult, 2011; Angelakis & Raoult, 2010;
Marrie, 1990).
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1.7.2. Febre Q Croénica

O diagndstico da febre Q crénica pode ser estabelecido a partir da persisténcia da
manifestacdo clinica por mais de seis meses, ap6s o inicio do quadro clinico. Ocorre em
aproximadamente 5% dos pacientes infectados com C. burnetii e pode se desenvolver
insidiosamente meses a anos apos a doenca aguda. Na forma crénica da febre Q, C. burnetii
se multiplica em macréfagos, evento que resulta em coxielemia permanente e
consequentemente na persisténcia dos elevados niveis de anticorpos séricos. Normalmente, o
coracdo é o Orgdo mais comumente envolvido, seguido por artérias, ossos e figado.
Endocardite ocorre geralmente em pacientes com lesdo valvular prévia ou aqueles que estéo
imunocomprometidos (Fournier et al, 1998).

Endocardite, infeccBes vasculares, infec¢des osteoarticulares, hepatite cronica, infecgdes
pulmonares cronicas, sindrome da fadiga cronica, cronicidade favorecida pela gravidez e
prematuridade e aborto sdo algumas das apresentac@es clinicas que resultam da infec¢do cronica
(Angelakis & Raoult, 2010).

1.8. Infeccdo em Animais - coxielose

Em contraste com a febre Q aguda humana, a infec¢do animal com C. burnetii é, na
maioria dos casos, de forma surpreendentemente assintomatica. Este fato implica na
observacdo de que o termo coxielose é considerado uma designacdo mais apropriada da
infeccdo do animal por C. burnetii.

Nos animais, durante a fase aguda, C. burnetii pode ser encontrada no sangue, pulmdes,
baco e figado enquanto que durante a fase ndo ativa é apresentado como uma liberacéo
persistente de C. burnetii nas fezes e urina (Angelakis & Raoult, 2010).

Capaz de infectar muitas espécies animais, incluindo mamiferos, aves e artropodes, as
infeccdes por C. burnetii sdo geralmente assintomaticas, embora nos mamiferos a infec¢éo
possa causar abortos e natimortalidade. Nestes animais, os sinais clinicos mais frequentes da
infeccdo por C. burnetii podem ser consequentes a pneumonia, aborto, morte e parto de
cordeiros, bezerros ou filhotes debilitados. Na maioria dos casos, o aborto ocorre no final da
gestacdo, sem sinais clinicos especificos até que o aborto esteja prestes a acontecer, como
observado com brucelose ou clamidiose. Fetos abortados parecem normais, mas placentas
infectadas apresentam espessamento fibroso intercotiledonario e exsudatos descoloridos, que
ndo sdo especificos para febre Q. Uma resposta inflamatéria grave pode ser observada no
miométrio e no estroma adjacente a area placentomal durante a gestacdo em cabras. Os
trofoblastos aparecem alterados e espumosos, com inclusdes bem definidas de C. burnetii,

tambem encontradas em células multinucleares. A taxa de aborto pode variar de 3 a 80%,
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embora altas taxas de aborto sejam raramente observadas, exceto em alguns rebanhos caprinos.
Muitas vezes, o nimero de fémeas que aborta no rebanho pode ndo ser suficiente para alertar o
fazendeiro e os casos clinicos humanos geralmente que possibilitam identificar, muitas vezes, a
infeccdo do rebanho (Maurin & Raoult, 1999).

Em bovinos, metrite é frequentemente a Unica manifestacdo da doenca. Mamiferos
infectados (ruminantes, gatos, cdes, coelhos, pequenos roedores silvestres, etc.) liberam C.
burnetii em produtos provenientes do parto, mas também no leite, urina e fezes. Curiosamente a
liberacdo de C. burnetii no leite € mais frequente e dura mais tempo em vacas e cabras do que em
ovelhas, mas, no entanto, estudos tém demonstrado que as ovelhas liberam mais e por mais tempo
em descargas vaginais do que cabras e podem manter as bactérias em gestacfes subsequentes
(Arricau-Bouvery et al 2005). Coxiella burnetii também pode ser recuperada a partir do leite por
até 32 meses. Cabras liberam C. burnetii nas fezes antes e depois do parto e a duracdo média de
excrecdo é de 20 dias (Angelakis & Raoult, 2010), tornando o ciclo de manutencdo da bactéria

mais complexo.

1.9. Coxiella burnetii em artrépodes

Em muitos animais, uma bacteremia transitoria com C. burnetii ocorre logo apos a infec¢éo.
Assim, carrapatos tém a oportunidade de se tornarem infectados com C. burnetii durante o repasto
sanguineo. Mais de 40 espécies de carrapatos sdo naturalmente infectadas com C. burnetii,
incluindo Rhipicephalus sanguineus encontrado em cédes, Haemaphysalis humerosa em
marsupiais, Amblyomma triguttatum em cangurus. Varias outras espécies tém sido identificadas
naturalmente infectadas em diferentes partes dos Estados Unidos, como Dermacentor
occidentalis, Amblyomma americanum, Haemaphysalis leporis-palustris, Ixodes dentatus, e
Otobius Magnini. A transmissdo experimental de C. burnetii de cobaias infectadas para cobaias
ndo infectadas através de picada de carrapato foi realizada com Ixodes holocyclus, Haemaphysalis
bispinosa, e Rhipicephalus sanguineus. Infeccdo experimental com C. burnetii também foi
realizada em Dermacentor andersoni. C. burnetii se multiplica nas células do intestino ou do
estbmago de carrapatos infectados. Estes artropodes expelem cargas pesadas de C. burnetii com
as suas fezes sobre a pele do animal hospedeiro no momento da alimentacdo. A infeccdo dos
ovarios do carrapato foi demonstrada e pode levar a infeccdo germinativa da descendéncia,
permitindo que a infeccdo por C. burnetii persista na populacéo de carrapatos. Coxiella burnetii
em carrapatos como nos mamiferos, se encontram na fase | e, portanto, sao altamente infecciosos
(Kumsa et al, 2015; Maurin & Raoult, 1999).

No entanto, os carrapatos ndo sdo considerados essenciais no ciclo natural da infecgéo por C.

burnetii em animais de pecuaria, embora animais com frequente e estreito contato com artropodes
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possam estar submetidos a outras condi¢des que possibilitem a infeccdo por C. burnetii. Em
contraste, em relacdo aos vertebrados silvestres, especialmente roedores, lagomorfos, e aves
selvagens, os carrapatos podem desempenhar um papel importante na transmisséo da coxielose.
Quanto a participacdo de outros artropodes, como acaros, mosquitos, moscas, pulgas e piolhos, no
ciclo e na manutencdo do agente na natureza, 0s poucos estudos existentes sdo inconclusivos.
Estudos realizados em outros artropodes coletados de vacas, ovelhas e roedores ndo resultaram
em isolamento de C. burnetii demonstrando que o papel desses artropodes no ciclo natural de C.

burnetii ainda continua desconhecido (Maurin & Raoult, 1999).

1.9.1. Coxiella, endosimbiontes e carrapatos

Embora C. burnetii pertenca a ordem Legionellales, até a presente data ndo esta clara a sua
origem evolutiva assim como nado se tem informac@es sobre o seu ancestral e seu estilo de vida
primario. A ordem Legionellales inclui muitas outras bactérias intracelulares que infectam
espécies ndo vertebradas como, por exemplo, as espécies do género Rickettsiella em artrépodes.

Considerando que todas as cepas de C. burnetii identificadas foram coletadas de pacientes e
animais durante surtos de febre Q, somente com o advento de sequenciacdo do gene de rRNA 16S
como um marcador de codigo de barras universal de DNA em bactérias, foi possivel identificar
novos organismos “Coxiella-like”em espécies nao vertebrados e em particular nos carrapatos.
Curiosamente, todos estes organismos “Coxiella-like” estdo intimamente relacionados, mas
geneticamente distintos de C. burnetii, sugerindo que existe uma diversidade dentro do género
Coxiella. No entanto, a natureza altamente conservada das sequéncias de genes 16S rRNA tem
dificultado a andlise para se estabelecer a exata relacdo entre C. burnetii e estes organismos
“Coxiella-like”, e uma relacdo de clade monofilética é comumente assumida (Duron et al.,
2015).

Ate a presente data as bactérias “Coxiella-like” parecem ser restritas a carrapatos, sem relato
de infeccdo em vertebrado. Duron e colaboradores demonstraram a reducéo gendmica e a falta de
quase todos os genes associados a patogenicidade do organismo “Coxiella-like” isolado de
exemplar de A. americanum (Duron et al., 2015). Segundo estes autores, as bactérias “Coxiella-
like” seriam endosimbiontes altamente prevalentes na populagdo de carrapatos e que estariam
envolvidas com interagbes mutualisticas em seus hospedeiros artropodes. A anélise da presenca
de 1S1111 nos endosimbiontes “Coxiella-like” e nas bactérias do género Rickettsiella revelou que
uma vasta gama de coOpias 1S1111 estava presente nos endosimbiontes “Coxiella-like” de
carrapatos. Estes resultados mostram que 1S1111 néo é especifica para C. burnetii, sugerindo que
0s ensaios de deteccdo de febre Q com base apenas neste elemento pode conduzir a erros de

identificacdo com endosimbiontes “Coxiella-like”, fato que reforca a necessidade de
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sequenciamento e da inclusao de oligonucleotideos para outros genes bacterianos (Duron et al.,
2015).

1.10. Diagnostico Laboratorial
1.10.1. Diagnostico Soroldgico

Uma vez que o diagnoéstico clinico é dificil, devido a similaridade com uma série de
doencas infecciosas ou ndo infecciosas, na maioria dos casos o diagnéstico de febre Q é
confirmado a partir dos testes sorologicos. Uma variedade de técnicas soroldgicas esta
disponivel, mas o teste de microimunofluorescéncia indireta tornou-se a técnica de referéncia
(Angelakis & Raoult, 2010). O diagnostico soroldgico é facil de ser estabelecido, embora
anticorpos sejam geralmente detectados somente apds 2-3 semanas do inicio da doenca.
Assim, os testes soroldgicos devem ser realizados em amostras pareadas de sangue coletadas
na fase aguda e de convalescéncia. Além disso, o teste sorologico permite a diferenciacdo de
infeccOes de febre Q agudas e cronicas.

Outros métodos, além da imunofluorescéncia indireta (IFI), que tém sido usados incluem
a microaglutinacao, fixacdo de complemento, radioimunoensaio, teste de hemdlise indireta,
ELISA (“Enzyme-linked Immunosorbent Assay”), ELIFA (“Enzyme Linked Immuno Fluorescent
Assay”), “dot imunoblotting”, e “Western blotting”. As técnicas mais comumente usadas sd0 0s
testes de fixagdo de complemento, IFI, ELISA e microaglutinagdo. Apenas os dois primeiros
métodos sdo disponiveis comercialmente (Maurin & Raoult, 1999; Fournier et al, 1998).

A IFI continua a ser a técnica de referéncia para o diagndstico da febre Q e tem a
vantagem de exigir apenas pequenas quantidades de antigeno - C. burnetii fase | e fase Il com
a cepa Nine Mile. A fase Il do antigeno é obtida por crescimento de C. burnetii em cultura de
células, enquanto o antigeno de fase | € obtido a partir de baco de camundongos infectados. A
técnica de IFI € melhorada usando um absorvente de fator reumatdide para remover IgG antes
da determinagdo dos titulos de IgM ou IgA. Durante a febre Q aguda, a soroconversao é
geralmente detectada 7-15 dias ap6s o inicio do quadro clinico e os anticorpos pela terceira
semana em cerca de 90% dos casos. Um titulo de anticorpos IgG anti-fase I1 > 200 e um titulo
de anticorpos IgM anti- fase I > 50 sdo considerados significativos, mas a escolha dos titulos
de corte negativos depende da quantidade de estimulacdo antigénica na populacéo estudada e
pode variar de uma area para outra. Titulos de corte de exames comerciais sdo de 64. Febre Q
cronica é caracterizada pela presenca de anticorpos anti-fase I, e um titulo de anticorpos de
IgG anti-fase I > 800 ¢ considerado altamente preditivo de endocardite de febre Q (Maurin &
Raoult, 1999).
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Reacdo cruzada € a maior fonte de confusdo na interpretacao dos resultados soroldgicos,
e estes podem variar de acordo com a técnica soroldgica. Reagdes cruzadas tém sido descritas
entre C. burnetii e Legionella pneumophila, Legionella micdadei, Bartonella quintana ou
Bartonella henselae. Tais reacGes cruzadas devem ser consideradas no diagndstico etiologico
da pneumonia atipica, que pode ser causada tanto por C. burnetii quanto por Legionella ou da
endocardite com hemocultura negativa que pode ser decorrente tanto de C. burnetii quanto
por diferentes espécies de Bartonella. Um diagndstico diferencial é facilmente estabelecido
quando os titulos de anticorpos quantitativos contra ambos os antigenos de C. burnetii anti-
fase | e anti-fase 1l sdo determinados (Maurin & Raoult, 1999). O teste de IFI em comparagéo
com o ELISA mostrou as sensibilidades de 97,7% e 87,2% para IgG e 66,7% e 60,0% para
anticorpos IgM de fase 1l e I, respectivamente e as especificidades de 100% e 90,0% para I1gG
e 75,9% e 64,7% para anticorpos IgM de fase Il e I, respectivamente. IFI é adequado para o
diagnostico da febre Q e seu acompanhamento terapéutico e € um bom candidato para o

rastreio de soros em grandes nimeros (Slaba et al., 2005).

1.10.2 Diagnéstico Molecular

A reacdo em cadeia da polimerase (PCR) tem sido usada com sucesso para detectar
DNA de C. burnetii em culturas de células e amostras clinicas. Inicialmente, os metodos
utilizavam hibridizacdo especifica de sondas de DNA marcadas para acido nucléico
amplificado a partir de amostras clinicas. Estes métodos sdo muito sensiveis e especificos,
mas se encontram disponiveis apenas em laboratorios de pesquisa especializados. A
disponibilidade de primers derivados de genes especificos para C. burnetii tem permitido um
método simples e confiavel para a detec¢do desta bactéria, mesmo em tecidos conservados em
parafina. Além disso, a PCR tem se mostrado mais sensivel do que técnicas de cultura padréo
para o diagnostico retrospectivo, com amostras congeladas e para o acompanhamento dos
pacientes tratados para a febre Q cronica. Segundo Fournier e colaboradores, as amostras
mantidas congeladas a - 80°C séo adequadas para PCR por varios anos e os primers derivados
do elemento repetitivo htpAB associado (Trans-PCR) sdo usados rotineiramente com sucesso
no laboratério (Fournier et al, 1998). Este elemento existe em, pelo menos, 19 copias do
genoma Nine Mile | de C. burnetii, possibilitando, assim, que a PCR com base nesse gene
apresente elevada sensibilidade (Willems et al, 1994).

Durante os ultimos anos, varios testes diagnosticos baseados em PCR foram
desenvolvidos para detectar DNA de C. burnetii em culturas celulares e em amostras clinicas.
Estes ensaios utilizam PCR convencional, Nested PCR ou PCR em tempo real feitos em

Light-Cycler, SYBR Green ou quimica TagMan (Klee et al, 2006). A Light-Cycler Nested
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PCR (LCN-PCR), um teste rapido de PCR que utiliza soro como amostra no Light-Cycler,
visando uma multicépia 20-copia da sequéncia elemento htpAB associado, foi adaptado para o
diagndstico tanto da febre Q aguda quanto da crénica. O ensaio de LCN-PCR pode ser Util no
estabelecimento de um diagnostico precoce da febre Q cronica. Devido a sua alta
sensibilidade e especificidade, o elemento repetitivo IS 1111 é o melhor alvo para a detecgédo
de C. burnetii em pacientes com febre Q ativa. O teste Loop-mediated isothermal
amplification (LAMP) demonstra uma nova possivel alternativa para exame de soro fora de
grandes laboratérios (Chen et al, 2014). Recentemente, a sequéncia completa do genoma de
C. burnetii se tornou disponivel, permitindo uma grande variedade de alvos de DNA
(Angelakis & Raoult, 2010).

Berri e colaboradores mostraram que sensibilidade do Trans-PCR foi 100 vezes maior
do que a sensibilidade obtida com PCR usando primers CB1-CB2. Este primer (CB1-CB2)
foi desenhado com base na sequéncia de DNA do gene que codifica a superdxido-dismutase,
enzima de C. burnetii. O comprimento do gene alvo é previsto para ser de 257 pb. A
sensibilidade também foi testada em amostras de DNA extraido de esfregacos genitais

coletados dos animais naturalmente infectados (Berri et al, 2000).

1.10.3. Isolamento Bacteriano

A viruléncia de C. burnetii ¢ alta, razdo pela qual apenas laboratérios com biosseguranca
de nivel 3 e profissional experiente devem ser autorizados a manipular amostras clinicas na
tentativa de isolamento e cultivo do microrganismo.

Vaérios espécimes humanos sdo adequados para a deteccdo de C. burnetii, mas a sua
disponibilidade depende da apresentacdo clinica. Todas as amostras, excluindo sangue total
que deve ser mantido a 4°C, devem ser armazenadas em - 80 ° C e encaminhadas em gelo seco
para o laboratdrio de diagnostico (Angelakis & Raoult, 2010).

Varias linhagens celulares podem ser usadas para culturas in vitro. Fibroblastos humanos
de pulmd@o embrionario (células HEL) cultivadas em frascos de “shell” sdo usados mais
rotineiramente por causa de sua alta susceptibilidade a infecgdo por C. burnetii e por ser de
facil manutencdo (Angelakis & Raoult, 2010; Maurin & Raoult, 1999). Mais recentemente,
com o desenvolvimento das pesquisas no campo da genémica funcional, Omsland e
colaboradores (2009) conseguiram, atraves de um complexo meio nutriente construido a partir
da reconstrucdo genOmica, expressdo “microarrays” e fingerprinting metabdlico, o
crescimento de C. burnetii em meio axénico. Este fato inédito, além de facilitar os estudos
sobre a patogénese e a genética do organismo, possibilitard o isolamento bacteriano no futuro

com menor custo e maior facilidade.
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1.10.4. Histopatologia Associada com Imunohistoquimica

A deteccdo de C. burnetii em tecidos é especialmente indicada em pacientes que estéo
em tratamento para a febre Q cronica, principalmente nos casos de endocardite hemocultura
negativa, na qual as vegetacGes da valvula cardiaca geralmente ndo sdo detectadas pelo
ecocardiograma. A multiplicacdo intracelular de C. burnetii pode explicar porque estas
vegetacOes sdo pequenas ou inexistentes nos pacientes com endocardite de febre Q. Neste
cenario, as amostras podem ser testadas a fresco ou apos fixacdo em formol e parafina.
Imunodeteccéo € realizada usando técnicas de imunoperoxidase ou imunofluorescéncia com
anticorpos policlonais ou monoclonais. Apenas esta Ultima técnica pode ser usada em

amostras em parafina (Angelakis & Raoult, 2010; Maurin & Raoult, 1999).

1.11. Tratamento e Medidas de Prevencao

1.11.1. Tratamento e monitoramento de pacientes com febre Q

A doxiciclina tem a maior eficacia terapéutica contra C. burnetii e é o tratamento de
escolha para a febre Q aguda em adultos, criangas com mais de 8 anos de idade, e em criangas
de todas as idades com doenca grave. Doxiciclina oral deve ser administrada durante 14 a 21
dias na dosagem de 100 mg duas vezes por dia para adultos e 2,2 mg / kg de peso corporal
duas vezes por dia para criangas com menos de 45 kg. Quando as tetraciclinas sdo contra-
indicadas, podem ser utilizados outros antibidticos, tais como trimetoprim / sulfametoxazol,
fluoroquinolonas ou macrolideos (Quadro 1.4). Os beneficios do uso de doxiciclina superam o
risco potencial de coloracdo dos dentes permanentes em criangas abaixo de 8 anos de idade
gravemente doentes ou internados com febre Q aguda. O tratamento deve ser dado nos
primeiros trés dias de doenca para 0 maximo de eficacia e ndo deve ser adiada enquanto se
aguardam os resultados de exames laboratoriais ou por causa do resultado laboratorial inicial
negativo na primeira semana de doenca (Angelakis & Raoult, 2010).

O tratamento profilatico ap6s uma exposi¢do suspeita de C. burnetti ndo é recomendada,
pois pode prolongar o periodo de incubacdo, e ndo impede que a infeccdo ocorra. Da mesma
forma, o tratamento de infec¢Ges assintométicas ou resolvidas ndo é recomendacdo de rotina,
embora possa ser considerada em pacientes com fatores de risco para o desenvolvimento de
infeccOes cronicas de febre Q (National Association of State Public Health Veterinarians and
National Assembly of State Animal Health Officials. 2013).

Pacientes saudaveis, sem fator de risco identificado para o desenvolvimento de febre Q
crbnica, devem ser clinicamente avaliados e submetidos a testes seroldgicos por IFI seis
meses apds a infeccdo aguda. Pacientes com fatores de risco cardiaco ou outros para o

desenvolvimento de doenca crénica devem ser clinicamente avaliados e submetidos a testes
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serologicos por IFI em 3, 6, 12, 18 e 24 meses apos infeccdo aguda. As mulheres gravidas
devem ser avaliadas clinica e sorologicamente, utilizando a IFI aos 3, 6, 12, 18 e 24 meses
ap6s o parto (National Association of State Public Health Veterinarians and National
Assembly of State Animal Health Officials. 2013).

Pacientes com febre Q crbnica devem ser encaminhados para um especialista em
doencas infecciosas para acompanhamento, ja que necessitam de terapia com antibiéticos em
longo prazo, utilizando uma combinagdo de doxiciclina e hidroxicloroquina, diagnosticos
periddicos e, em longo prazo, de monitorizacdo (National Association of State Public Health
Veterinarians and National Assembly of State Animal Health Officials. 2013).

Quadro 1.4. Orientagdes para o tratamento da febre Q (Angelakis & Raoult, 2010).

Manlfe§tagao coorte de Tratamento Duracéo Referencia
clinica pacientes
Doxiciclina (100 mg 2 x dia) 14 dias CDC, 2015
Fluoroquinolonas (200 mg 3 x 14a21 Angelakis &
Adultos dia ou pefloxacin (400 mg) dias Raoult, 2010
. . . . Angelakis &
Febre Q Rifampin (1200 mg/dia) 21 dias Raoult, 2010
aguda Gravidas Trimetoprim (320 mg) e >5 Carcopino,
Sulfametoxazol (1600 mg/dia) | semanas 2007.
Criangas L .
(menos de Doxiciclina (2.2 mg/kg 2 x dia) | 10 a 14 CDC. 2015
max. 100mg dias
45kg)
Doxiciclina (100 mg 2 x dia) e >18 CDC, 2015;
Adultos hidroxicloroquina (200 mg 3 x Carcopino,
. meses
dia) 2007.
Febre Q CDC, 2015;
crbnica Trimetoprim (4-6 mg/kg) e P
Criancas | Sulfametoxazol (20-30 mg/kg) 2 >18 Lazzerini,
x dia meses Tickell, 2011.

1.11.2. Tratamento de animais

Mais pesquisas sdo necessarias para determinar a eficacia do tratamento de rebanhos
inteiros ou animais individuais para prevenir ou controlar a liberacdo de C. burnetii e na
prevencdo de eventos adversos associados a gravidez com coxielose. O uso de tetraciclina na
alimentacdo durante a gravidez ndo pode ser recomendado como medida de controle em
rebanhos, devido a baixa biodisponibilidade do farmaco com a administracdo oral (National
Association of State Public Health Veterinarians and National Assembly of State Animal
Health Officials. 2013).

Com base em dados atuais, 0 uso de antibioticos na auséncia de abortos em curso ndo se
justifica. Quando os abortos sdo tratados em animais individualmentes para prevenir eventos
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adversos da gravidez, a via parenteral (duas injecbes de oxitetraciclina a 20 mg / kg
administrada com 20 dias de intervalo) no final da gestacdopode ser util, apesar dos dados
escassos e inconclusivos. Além do mais, embora possa evitar abortos, o tratamento parenteral
de cada animal ndo parece diminuir a disseminacdo do organismo em fluidos de nascimento
ou mudar o status soroldgico (National Association of State Public Health Veterinarians and
National Assembly of State Animal Health Officials. 2013).

1.12. Profilaxia e Medidas de Prevencao

Um cuidado especial deve ser tomado quando se introduz um novo animal em um
rebanho livre de coxielose, considerando, no entanto, que o agente da febre Q é transmitido
principalmente pelo ar. Durante surtos de febre Q, a contaminagdo de animais e do meio
ambiente podem ser evitados ou reduzidos, destruindo placentas e fetos, de modo a evitar a
sua ingestdo por carnivoros domésticos ou silvestres que, consequentemente, podem
disseminar a bactéria no ambiente. Se possivel, 0s nascimentos devem ser confinados a uma
localizaco especifica e desinfetados sem induzir aerossois (Rodolakis, 2009).

Como em todas as doencas zoondticas, o controle da doenca em animais vai influenciar o
nivel da doenca observada no homem. Estratégias apropriadas de controle de carrapato e boas
préticas de higiene podem diminuir a contaminagdo ambiental. Fluidos e as membranas fetais
infectados, fetos abortados e materiais de cama contaminados devem ser incinerados ou
enterrados, apos desinfeccdo (Quadro 1.5). Além disso, o estrume deve ser tratado com cal ou
cianeto de célcio 0,4% antes de ser espalhado sobre os campos, 0 que deve ser feito na auséncia
de vento para evitar a propagacéo do microrganismo a longas distancias. Embora seja muito caro,
0s animais infectados devem ser retirados dos rebanhos ou colocados em confinamento separados
no momento do parto. Trabalhadores da industria animal devem ser plenamente informados sobre
os fatores de risco de contrair febre Q e os laboratdrios devem ser dotados de dispositivos de
seguranca adequados e equipamentos (Angelakis & Raoult, 2010).

Vazamentos de materiais potencialmente infecciosos devem ser descontaminados
imediatamente pelo uso de 0,5% hipoclorito, 5% de perdxido, ou solugBes a base de fenol.
Residuos com risco bioldgico devem ser descontaminados por autoclavagem e os equipamentos/
instrumentos contaminados por desinfetantes, autoclavados ou submetidos a fervura por 10 min.
A forma esporo-like de C. burnetii pode, no entanto, ser resistentes a desinfeccdo normal, ao
hipoclorito de sddio, a radiagdo ultravioleta, assim como ao calor, dessecacao, pressao, e stress
oxidativo e osmético (Madariaga et al., 2003).

Pasteurizacdo a 72 °C durante 15 segundos e esterilizacdo do leite de rebanhos

infectados sdo regularmente recomendados mesmo que a via oral ndo seja a principal via de
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transmissdo (Arricau-Bouvery & Rodolakis 2005). A suspensdo de C. burnetii em solucfes
aquosas de 0,5% de hipoclorito, 5% Lysol ou formalina a 5%, ndo inativam completamente o
agente depois de 24 h a 24 ° C (Scott & Williams, 1990).

Quadro 1.5. Inativacdo de C. burnetii em relacdo a varios agentes fisico-quimicos (Scott
& Williams, 1990; Madariaga et al., 2003).

Agentes inativacao

Agentes Fisicos Temperatura de 65°C 30 minutos
Radiacdes ultravioletas Resistente

Formol a 5 % Resistente

Lysol (5%) Resistente

Agentes Quimicos Alcool etilico 70% 30 minutos
Cloroférmio a 5% 30 minutos

Hipoclorito de Sodio a 0,5% Resistente

Buhariwalla e colaboradores (1996) chamam a atencdo para casos de febre Q
transmitidos por gatos e cdes domeésticos e sobre a importancia da infeccdo humana associada
com material de aborto ou parto destes animais de companhia.

Trés tipos de vacina tém sido propostas para fornecer a prote¢cdo humana contra a febre
Q: i) a vacina de C. burnetii viva atenuada produzida e testada na Rissia, mas posteriormente
abandonada devido a preocupacdo com sua seguranga; ii) vacina de residuo extraido em
cloroférmio-metanol ou outras vacinas extraidas (testadas em animais, mas ndo em seres
humanos) e iii) a vacina inativada por formalina de célula inteira (Q-Vax) considerada
aceitavel e segura para ser utilizada em seres humanos (Angelakis & Raoult, 2010). A Q-vax
tem sido amplamente utilizada na Australia e estudos realizados durante o periodo de 1981 a
1989 em 4000 individuos concluiram que a vacina fornece uma protecdo completa e
duradoura, evitando casos graves de febre Q. A vacina provoca apenas reacdes menores,
incluindo edema e hiperemia e, mais raramente edema, no local de inoculagdo (Madariaga et

al., 2003), mas até o momento nao esta disponivel no Brasil.
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2. JUSTIFICATIVA

Na ultima década frequentes surtos de febre Q vém sendo identificados em diferentes
regides do mundo, chamando a atencdo para esta zoonose de dificil controle. Estudos
soroldgicos e moleculares tém demonstrado que a febre Q é muito mais prevalente e dispersa
do que se pensava (Hagenaars et al., 2014; Georgiev et al., 2013; Whitney et al., 2013
Anderson et al., 2009).

No Brasil, apesar da sua identificacdo na década de 1950, poucos estudos tém sido
realizados, caracterizando uma auséncia de informacGes sobre esta zoonose negligenciada
cujo quadro clinico se assemelha a varias outras doengas, especialmente com a dengue e a
influenza. Neste cenario, no qual os profissionais de satde ndo tém qualquer conhecimento
sobre a febre Q, 0s escassos relatos de casos registrados desta zoonose refor¢cam a hipdtese de
gue o numero deve ser muito maior do que vem sendo notificado mais recentemente no
Brasil.

No municipio de Itaborai foi identificado em 2008 o primeiro caso da febre Q
confirmado por PCR no territorio brasileiro (Lemos et al, 2011). Durante o processo de
investigacdo epidemioldgica realizado na residéncia do paciente foi possivel identificar ndo
somente a presenca de familiar infectado, mas também animais domésticos (Mares-Guia et al,
2014).

Diante do exposto, o presente estudo se justifica considerando a possibilidade de que a
infeccdo por C. burnetii possa estar sendo confundida com outras doencas infecciosas, em
especial com a dengue em éareas onde C. burnetii tem sido identificada, principalmente
durante a ocorréncia de epidemias de dengue como é o caso do estado do Rio de Janeiro.
Assim, com a hip6tese de que a febre Q possa estar ocorrendo na regido de Itaborai sem ser
identificada, este estudo além de aumentar a capacidade de detectar casos desta zoonose no
municipio, tem como atribuicdo contribuir com a vigilancia das doencas infecciosas febris
agudas.

Quanto ao estudo com animais, a identificacdo de cées, gatos, ovelhas e cabras
infectados (Mares-Guia et al, 2014) associada com a informacdo de que os animais tinham
sido transferidos para outras areas do municipio aumenta a relevancia de se investigar a
presenca de animais infectados por C. burnetii, levando em conta a complexidade do ciclo de
manutencdo da bactéria, no qual participam muitas espécies de animais domesticos e
silvestres como verificado nos diversos estudos realizados no mundo (Angelakis & Raoult,
2011, Angelakis & Raoult, 2010).

Por fim, como no Laboratério de Hantaviroses e Rickettsioses, onde o estudo foi

desenvolvido, se encontra alocado o Laboratério de Referéncia Nacional para Rickettsioses,
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que tem como atribuicdes realizar diagndstico laboratorial de rotina, estudos eco-
epidemioldgicos e de desenvolver pesquisas, todas as propostas apresentadas neste estudo
objetivaram também auxiliar na identificacdo de areas de risco para febre Q para aplicacao de
medidas de controle adequadas, além de aumentar 0 nosso conhecimento sobre esta zoonose

de amplo espectro clinico totalmente negligenciada no Brasil.
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3.OBJETIVOS

3.1. Objetivo Geral
Investigar a presenga de infeccdo por Coxiella burnetii em amostras de humanos,
vertebrados e artropodes, em area de ocorréncia de caso confirmado de febre Q no Municipio

de Itaborai, estado do Rio de Janeiro.

3.2. Objetivos Especificos
e Pesquisar anticorpos anti-Coxiella burnetii pelo teste de imunofluorescéncia indireta em

amostras de soro de populacdo humana e de animais no municipio de Itaborai.

e Pesquisar anticorpos anti-C. burnetii pelo teste de imunofluorescéncia indireta em
amostras de soro de casos humanos suspeitos de dengue internados no Hospital
Municipal Desembargador Leal Junior (HMDJ), durante o periodo de 24 meses (2013-
2014).

e Implantar a reacdo em cadeia da polimerase (PCR) Nested para pesquisa C. burnetii,
utilizando primers desenhados pelo Laboratdrio de Hantaviroses e Rickettsioses

e Detectar e amplificar o genoma bacteriano pela técnica de Nested-PCR em amostras de
pacientes com suspeita de dengue atendidos no Hospital Municipal Desembargador
Leal Junior (HMDJ), durante o periodo de 24 meses (2013-2014).

e Realizar o sequenciamento nucleotidico de C. burnetii em amostras procedentes de
casos humanos confirmados de febre Q no Hospital Municipal Desembargador Leal
Junior (HMD)J), durante o periodo de 24 meses (2013-2014).

e Correlacionar os resultados laboratoriais obtidos com os dados clinico-epidemiolégicos
dos casos confirmados de febre Q no Hospital Municipal Desembargador Leal Junior
(HMDJ), durante o periodo de 24 meses (2013-2014).

e Investigar a presenca de infeccdo por C. burnetii pelos testes moleculares em amostras
de vertebrados domésticos e silvestres oriundos das areas de estudo no municipio de

Itaborai

e Verificar a presenca de infecgdo por C. burnetti em artropodes (carrapatos, pulgas e

piolhos) coletados de vertebrados incluidos no estudo;
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e Disponibilizar informagdes sobre a circulagdo de C. burnetii, com énfase na vigilancia

epidemioldgica e nas medidas de prevencao.
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4. MATERIAL E METODOS

4.1. CONSIDERACOES ETICAS

Este estudo faz parte do projeto sobre vigilancia das rickettsioses com énfase na febre Q
no Municipio de Itaborai e que obteve, para o estudo com populacdo humana, aprovacgéo pela
Comissdo de Etica Institucional (CEP/Fiocruz) sob o numero 552/10 (ANEXO 1) e a
colaboragdo do municipio de Itaborai (ANEXO 2). As expedicOes de coleta de animais foram
realizadas sob a Licenca Permanente para coleta de material zooldgico n° 13373
ICMBIO/IBAMAVJSISBIO e Registro de Expedicdo n° 7262-1 ICMBIO/IBAMA/SISBIO.

E pertinente informar que o presente estudo foi desenvolvido no contexto da vigilancia
epidemioldgica, considerando que 0s casos e surtos sdo rotineiramente investigados de acordo
com diretrizes éticas dos servigos publicos de saude que fazem parte da rede de assisténcia.
Em relacdo ao teste diagnostico, apenas uma aliquota das amostras de sangue, foi coletada

pelos préprios técnicos de laboratério do hospital municipal.

4.2. LOCAL DE ESTUDO

O estudo foi desenvolvido no municipio de Itaborai (22°44'40"S, 42°51'34"0) (Figura
4.1), que se encontra localizado na regido metropolitana do estado do Rio de Janeiro a 46
metros de altitude. A sua populagdo estimada em 2013 foi de 225 263 habitantes (IBGE,
2013). Apresenta a extensdo territorial de 430,374 km? (IBGE, 2015) distante 45 km da
capital fluminense, com acesso pela rodovia federal BR101. No municipio observam-se areas
de vegetacdo composta em maior parte por pastagens, mata de encosta, mangues e brejos. Os
remanescentes de matas sdo observados nos setores mais ingremes e elevados nas serras do
Barbosdo e do Lagarto. Sdo matas tipicamente secundarias resultantes da regeneracdo natural,
pois concentraram muita exploracdo de madeira para a obtencdo de carvdo e lenha no
passado. No restante do municipio, as matas encontram-se muito fragmentadas e aparecem
em locais isolados. O clima é tropical, chuvoso no verdo e seco no inverno. Sua temperatura
média anual é de 25°C. A economia se baseia em manufatura cerdmica (decorativa e
utilitaria), fruticultura, agricultura de subsisténcia, apicultura, pecuaria extensiva, extrativismo
mineral, industria e setor terciario (comercio e servicos) (Portal oficial da prefeitura municipal
de Itaborai, 2015).
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Figura 4.1: Mapa do Municipio de Itaborai.

4.3. DESENHO DO ESTUDO

Para este estudo foi proposto um desenho epidemioldgico descritivo seccional, dividido
em quatro subprojetos que foram desenvolvidos trés anos ap6s a identificacdo do foco de
infeccdo, durante o periodo de 2011 a 2015:

(i) O primeiro subprojeto foi desenvolvido no Hospital Municipal Desembargador Leal
Junior (HMDJ), durante o periodo de mar¢o de 2013 a outubro de 2014. Todos 0s pacientes
admitidos no HMDJ com suspeita de dengue, independente de sexo, idade, entre outras
variaveis, e que moravam no municipio de Itaborai e arredores, foram incluidos no estudo e
amostras de sangue foram analisadas para pesquisa de infeccdo por C. burnetii. Os dados
clinicos e epidemiologicos foram recuperados pelo servico de vigilancia do HMDJ utilizando

a ficha epidemiolégica para dengue do sistema de vigilancia (SINAN).

27



(if) No segundo estudo foi realizado, apds a confirmacéo de febre Q em casos suspeitos
de dengue, um estudo seccional com coleta de amostra de sangue de familiares, de animais
domeésticos e de artropodes nas areas de ocorréncia de casos de febre Q em 2015.

(iii) No terceiro subprojeto, considerando os resultados do estudo desenvolvido em
2009, foram realizadas duas coletas, uma, em 2011 e outra, sete meses depois, em 2012, com
0 objetivo de monitorar os animais na residéncia do paciente.

(iv) No quarto subprojeto foi realizado o estudo de prevaléncia da presenca do genoma
de C. burnetti em animais silvestres na area de ocorréncia de caso confirmado e em outras
duas trilhas proximas. Com base nas diferentes situacGes eco-epidemioldgicas e graus de
conservacao distintos foram selecionadas trés areas do municipio de Itaborai (Figura 4.2): (i)
area 1, uma érea rural/peridoméstica, onde ocorreu a identificacdo do foco), (ii) area 2, uma
area com fragmento de Mata Atlantica remanescente e (iii) area 3, area rural sob influéncia
direta do empreendimento Complexo Petroguimico da Petrobras (COMPERJ) de 2011 a 2012
(Figura 4.2).
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Figura 4.2: Mapa do Municipio de Itaborai e areas de coleta de animais silvestres, para
pesquisa de infeccdo por Coxiella burnetii, com situacdes eco-epidemioldgicas e graus de

conservagao distintos.
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Na figura 4.3 é apresentado um sumario esquematico da metodologia utilizada no presente
estudo, considerando os resultados obtidos nas pesquisas previamente realizadas no municipio
de Itaborai/RJ (Lemos et al 2011, Mares-Guia et al 2014).

2008
Confirmado caso de febre Q
Lemos et al, 2011

Investigacdo da fonte de
infecgdo em 2009
Mares-Guia et al, 2014

Esposa do De 14 cdes De 3 De 10 caprinos
paciente reativa + 2 PCR positivos e + ovinos + * 4 PCR positivos e Reativos
(contato com leite 2 reativos 2 reativos * 2 PCR positivos e NR
das cabras) * 1 reativo e PCR negativo

Animais I Animais domésticos da + Casos febris do Hospital
silvestres propriedade Municipal 2013-2014

+

Vigilancia
2015

Carrapatos e contactantes de pacientes positivos

Figura 4.3: Sumério esquematico da metodologia utilizada na pesquisa de febre Q no
municipio de Itaborai/RJ durante o periodo de 2011 a 2015. As etapas com a populacdo de

estudo relacionadas a pesquisa se encontram no quadro retangular.

4.4. ESTUDO EM HUMANOS

4.4.1. Casos Suspeitos de Dengue

Com a colaboracéo e participacdo integrada dos profissionais da Secretaria Municipal de
Saude de Itaborai, foi estabelecido que durante o periodo de estudo uma aliquota de amostras
de sangue de todos os pacientes com suspeita de dengue atendidos por demanda espontanea
no Hospital Municipal Desembargador Leal Junior, fossem acondicionadas, junto com a ficha

do SINAN, para andlise de C. burnetii. As amostras foram trazidas semanalmente para o
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Laboratorio de Hantaviroses e Rickettsioses, registradas e incluidas em um banco de dados

para acondicionamento até a realizagdo dos testes.

4.4.2. Testes Utilizados para Dengue e Febre Q

Os testes utilizados para deteccdo de dengue foram os preconizados pelo Ministério da Saude.
Deteccdo de anticorpos anti-lgM por ensaio de captura (Panbio®) e NS1 (Plateleia- BIORAD®).
Para deteccdo de febre Q foram utilizados teste de imunofluorescéncia indireta (IFI) no soro e a

analise molecular tanto em soro como codgulo como sera devidamente apresentado no item 4.8.

4.5. ESTUDO SECCIONAL COM COLETA DE AMOSTRA DE SANGUE DE
FAMILIARES, DE ANIMAIS DOMESTICOS E DE ARTROPODES NAS
AREAS DE OCORRENCIA DE CASOS DE FEBRE Q

Diante dos resultados, com o apoio de profissionais da SMS de Itaborai, visitas
domiciliares foram, posteriormente, realizadas com o objetivo de avaliar a possibilidade de
infeccdo por C. burnetii em familiares e nos animais eventualmente presentes em cada
domicilio incluido neste estudo seccional, além de utilizar a identificacdo de artropodes
infectados como um determinante da contaminacdo do ambiente, jA que ocorreram casos a
mais de 5 km da &rea index de foco.

Visitas domiciliares aos pacientes que criavam gatos foram realizadas com o objetivo
de: a) avaliar clinicamente todos os gatos e cdes presentes no domicilio e peridomincilio
durante a visita, b) coletar sangue destes animais e c) coletar manualmente sem
padronizacao, ectoparasitas dos animais domésticos incluidos no estudo.

Além das areas de residéncia dos casos positivos que foram numeradas considerando
cada paciente com o diagnéstidco confirmado de febre Q, mais duas areas foram incluidas, as
areas 10 e 11, onde se situava um revendedor de animais (cabras e ovelhas) e um local no
Engenho Velho, onde residia um profissional da vigilancia sanitéria participante do trabalho
de campo, respectivamente.

Apbs a primeira coleta, em janeiro de 2015, novas coletas foram subsequentemente
realizadas nas areas consideradas de risco visando a obtencdo de informagfes sobre a
ocorréncia de quadro infeccioso compativel com febre Q entre os contantantes e familiares
assim como a presenca de animais infectados. Com o apoio do Servico de Vigilancia
Epidemioldgica da Secretaria Municipal de Saude de Itaborai, considerando a febre Q como
doenca de notificagcdo compulséria, amostras de sangue de familiares e de animais domésticos
foram coletadas em trés trabalhos de campo realizados nos meses de margo, agosto e

setembro do mesmo ano.
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4.6. POPULACAO DE ANIMAIS DOMESTICOS

Amostras de sangue periférico de animais, ap6s assinatura do consentimento livre e
esclarecido dos proprietérios, foram coletadas na propriedade de onde foi identificado o caso
index (Lemos et al 2011) por membros da equipe do Laboratério de Hantaviroses e
Rickettsioses. A coleta de sangue foi realizada pela autora deste projeto de tese, a médica
veterinaria responsavel pelos procedimentos nos animais domésticos.

Em 2011 foram coletadas amostras de sangue de nove ovelhas introduzidas depois da
primeira investigacdo em 2009, de mais seis felinos adultos e 13 caninos.

Em 2012, sete meses depois, foi realizada uma nova coleta, na qual foram obtidas
amostras de sangue de seis ovinos e de sete filhotes de gatos. Dos filhotes foram coletados
também swab de células perianais e pulgas. Adicionalmente, por solicitagdo do proprietario,
material de tecido de uma ovelha com histdria de aborto repetido foi coletado também depois
de ter sido submetida a eutanasia com pentobarbital sédico em super-dosagem.

O método de coleta das amostras sanguineas dos animais domésticos consistiu de veno-
puncdo em veia cefalica ou por veno-puncdo em veia jugular apds assepsia com solucdo de
alcool-iodado. O sangue foi colhido com seringa descartavel de 5 ml com agulha (25 X
0,7mm) e acondicionado e refrigerado até ser centrifugado em tubo BD Vacutainer® sem
anticoagulante. Foi dividido em duas amostras, soro e coagulo (para sorologia e anélise
molecular), que foram mantidas a -20°C para posterior analise. As amostras de swabs de
células perianais assim como artropodes coletados foram acondicionados a -20°C para

posterior analise molecular.

4.7. POPULACAO DE ANIMAIS SILVESTRES

A coleta das amostras foi realizada com a cooperag@o do Dr. Paulo Sérgio D’ Andrea, do
Instituto Oswaldo Cruz e da Dra. Cibele Bonvicino, do Instituto Nacional do Céncer,
responsaveis pelos estudos taxondmicos e de sistematica de animais silvestres. Os animais
foram coletados por meio de armadilhas, nos meses de outubro de 2011, maio de 2012, e
setembro de 2012, nas trés areas do municipio de Itaborai, com situacBes eco-epidemioldgicas
e graus de conservacdo distintos: (i) Area 1, uma area rural/peridoméstica, onde ocorreu a
identificagdo do foco), (ii) area 2, uma area com fragmento de Mata Atlantica remanescente e
(iii) area 3, area rural sob influéncia direta do empreendimento Complexo Petroquimico da
Petrobras (COMPERJ). Considerando que esta etapa do trabalho fez parte do projeto de
mestrado em Biodiversidade e Saude da aluna Caroline S. Fonseca, sob a orientacdo do Dr.
Paulo D’Andrea e da Dr®. Elba Lemos, amostras de bago dos animais foram disponibilizadas

para a pesquisa de infeccdo por C. burnetii a partir da analise molecular.
31



A captura de animais silvestres foi realizada exclusivamente na area de onde se originou
0 caso index de febre Q (Lemos et al 2011), seguindo o protocolo previamente estabelecido
pelo Ministério da Salde assim como as normas de biosseguranca preconizados, incluindo a
utilizacdo de equipamentos de protecdo individual e de protecdo respiratoria (Lemos e
D'Andrea, 2006). A primeira expedicdo foi realizada em outubro de 2011, a segunda, em
maio/junho de 2012 e a ultima, em setembro de 2012. Os animais foram anestesiados com
cloridato de ketamina, conforme orientacdo veterinaria, e tiveram seus dados bionémicos
coletados (peso corporeo e medidas de corpo e cauda) e amostras de tecido coletadas para o
diagnostico molecular de infeccdo por C. burnetii. A eutanasia dos animais foi realizada,
preferencialmente, por exanguinagdo (sangria total) dos animais submetidos a anestesia
profunda. No caso de impossibilidade de sua realizag&o, foi realizada inoculag&o intracardiaca
de Cloridrato de Ketamina, numa super-dosagem acima de 50 mg/Kg de peso, conforme
descrito em Rivera (2006).

4.8. ANALISE LABORATORIAL

Todas as amostras de sangue, tanto dos pacientes como de animais, além das amostras
de secrecdo vaginal e retal e os artropodes coletados nos animais, foram submetidas aos testes

diagnosticos no Laboratério de Hantaviroses e Rickettsioses, conforme descri¢do abaixo.

4.8.1. Teste Soroldgico

A deteccdo de anticorpos da classe IgG anti-C. burnetii foi realizada pelo teste de
imunofluorescéncia indireta (IFI), seguindo o ponto de corte estabelecido pelo fabricante
PANBIO/MEDVAX®, com os valores de corte de titulacdo superior ou igual a 64. As
laminas de IFI para febre Q contém organismos purificados nas fases | e Il distribuidos em
dois microcirculos dispostos lado a lado dentro do pogo da Iamina (Figura 4.4).

O procedimento para a deteccdo qualitativa e quantitativa de anticorpos IgG humanos e
de animais contra C. burnetti em amostras de soro, foi realizada, inicialmente com uma
triagem na qual foram selecionadas amostras reativas com os titulos de 64, a partir da diluigdo
inicial de 1:16 com PBS de diluicdo de soro (pH 7,2 £ 0.2 ). Adicionou-se 30ul da amostra
diluida a 1:64 no orificio da lamina contendo antigeno C. burnetti fase | e fase Il fixado, além
dos controles positivos e negativos. Apos sua incubacdo em cdmara Umida a temperatura
aproximada de 37°C por 30 minutos, a lamina foi lavada com PBS de lavagem (pH 9,0 + 0.2),
com subsequente adicdo do anticorpo IgG anti-humano (ou de animais) conjugado a
Isotiocianato de fluoresceina (FITC). A lamina foi incubada novamente, e subsequentemente,

apos lavagem e aplicacdo de glicerina (pH 9,7 £ 0.2) para montagem da laminula, foi
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analisada em microscopio de fluorescéncia em um aumento de 400x. Na presenca de
reatividade no teste de triagem, as amostras foram submetidas a crescentes diluigdes para a
deteccdo da maior titulacdo com a quantificacdo do titulo final de reatividade das amostras

(“end-point™).

1 s ) 4 - -

8 J

12 N 10 “

Figura 4.4: Figura esquematica da lamina para teste de imunofluorescéncia indireta para febre
Q com dois microcirculos dentro do poco contendo antigenos da fase 11 (microcirculo do lado
esquerdo) e da fase | (microcirculo do lado direito). Teste comercial PANBIO/MEDVAX®

4.8.2. Analise Molecular

Quanto a analise molecular, as amostras de sangue e do triturado dos artrépodes foram
testadas para a presenca de DNA bacteriano, utilizando oligonucleotideos para o alvo 1S1111
(Hoover et al 1992; Willems et al 1994) (Quadro 4.1.). Os produtos de amplificacdo da PCR
das amostras positivas foram purificados usando Kit Wizard®SV Gel and PCR Clean-Up
System (Promega, Corp., Madison,WI, USA). As reacOes de sequenciamento foram
realizadas utilizando um kit BigDye® Terminator V3.1 Cycle Sequencing kit (Applied
Biosystems, Foster City, CA, USA) com um ABI Prism® 3130x Genetic Analyzer (Applied
Biosystems, USA). As sequéncias obtidas foram analisadas correlacionando-as com as
sequéncias disponiveis na literatura, seguindo os protocolos previamente estabelecidos no
laboratorio com a utilizagéo do software BioEdit e BLASTO ( Altschul et al. 1990).
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Quadro 4.1: Oligonucleotideos (primers) utilizados para deteccdo de Coxiella burnetii nas

amostras humanas, de animais vertebrados e ectoparasitas, municipio de Itaborai/RJ

) i Temperatura Tamanho
Oligonucleotideos Sequéncias (5’ - 3°)
anelamento do fragmento
QBT-1 TATGTATCCACCGTAGCCAGC 60 °C 687b
QBT-2 CCCAACAACACCTCCTTATTC P

Fonte: Hoover et al 1992; Willems et al 1994

As amostras coletadas de swabs anais e vaginais foram submetidas a analise molecular
utilizando protocolo para extragcdo de DNA descrito por Astobiza e colaboradores (2010) e
Rodolakis e colaboradores (2007). Resumidamente, swabs vaginais e anais foram
extensivamente lavados em 1 mL de PBS e 200 pL desta solucdo foi misturada com ATL
(QIAmp kit DNA do sangue, Qiagen). Subsequentemente as amostras foram digeridas com
proteinase K (8mg/mL) overnight a 56°C com adigdo de AL (QIAmp kit DNA do sangue,
Qiagen) por 10 min a 70 °C, de acordo com o protocolo do fabricante para extragéo.

A amplificacdo por PCR foi realizada em um volume de 25ul de reacao, que continha 1x
de Tampé&o PCR 10 vezes, 0.2 uM de cada primer (Invitrogen, Life Technologies Brazil), 1,5
mM MgCl,, 200 uM mistura de ANTP (20mM de cada desoxinucleotideo trifosfato), 0,5
unidade de Platinum Taq DNA polimerase (Invitrogen, Carlsbad, CA, EUA), 4 uL. de DNA
da amostra e agua nuclease livre (Promega, Madison, WI, EUA).

A amplificacdo foi realizada em um termociclador (Applied Biosystem Veriti 96) e
consistiu de desnaturacdo inicial por 5 min a 95° C, seguida de 40 ciclos consecutivos de
desnaturacéo a 95° C por 30s, anelamento de 60° C por 30s e extensdo a 72° C durante 1 min.
Foi seguido por uma extensao final de 5 min a 72°C.

Para confirmar a amplificacdo, os produtos gerados foram separados em gel de agarose
1% corado com solugdo de Gel RED, visualizados e registrados em foto documentador.

O sequenciamento dos produtos de PCR procedentes de amostras bioldgicas foi
realizado com analise das sequéncias genomicas obtidas correlacionando-as com as
sequéncias de C. burnetii previamente descritas, seguindo os protocolos estabelecidos no

laboratério.

4.8.2.1. Procedimento de implantagdo de PCR Nested
Com o objetivo de aumentar a sensibilidade e especifidade da reacdo em cadeia da
polimerase (PCR) para pesquisa de C. burnetii, uma segunda reagdo (“Nested”) foi realizada

utilizando um segundo par de primers, especificamente desenhado pelo Laboratério de
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Hantaviroses e Rickettsioses, a partir dos primers utilizados nos protocolos previamente
estabelecidos (QBT-1/QBT-2) (Quadro 4.2.).

Quadro 4.2: Oligonucleotideos (primers internos) utilizados para deteccdo de Coxiella

burnetii na segunda reacdo de PCR. Laboratdrio de Hantaviroses e Rickettsioses,

I0C, FIOCRUZ.
_ i . Temperatura Tamanho
Oligonucleotideos Sequéncias (5’ - 3°)
anelamento do fragmento
QBT N3+ AAGCGTGTGGAGGAGCGAACC 66 °C 440b
QBT N4- CTCGTAATCACCAATCGCTTCGTC P

Células Vero infectadas com C. burnetii adquiridas comercialmente
(PANBIO/MEDVAX®) foram solubilizadas com tamp@es de PBS dos quais foram extraidos
0 DNA de 200 pl utilizando QlAamp DNA Blood Mini Kit (QIAGEN, Valencia, CA, USA)
seguindo as instru¢des do fabricante. Depois da extragcdo, o0 DNA total foi quantificado no
fluorémetro Qubit© (Invitrogen) 0,034 pg/ml. Posteriormente, solugcdes de DNA purificadas
foram submetidas a crescentes diluicdes - de 1 até 10’ diluicdes - a partir de 2 pL da solugéo
extraida com 18 pl de &gua nuclease-free. Um volume de 4 ul de solugdo de DNA foi usado
na PCR e nos ensaios de Nested PCR, com o objetivo de comparar a sensibilidade destes dois
protocolos na detecgdo de DNA de C. burnetii.

A amplificagdo por PCR de gradiente foi realizada em um volume de 25ul de reagao,
que continha 1x de Tampdo PCR 10 vezes, 0.2 uM de cada primer (Invitrogen, Life
Technologies Brazil), 1,5 mM MgCl,, 200 pM mistura de dANTP (20mM de cada
desoxinucleotideo trifosfato), 0,5 unidade de Platinum Tagq DNA polimerase (Invitrogen,
Carlsbad, CA, EUA), 2 uL de DNA da amostra e 4gua nuclease livre (Promega, Madison, WI,
EUA).

A amplificacdo foi realizada em um termociclador (Applied Biosystem Veriti 96) e
consistiu de desnaturacdo inicial por 5 min a 95° C, seguida de 30 ciclos consecutivos de
desnaturacdo a 95° C por 30s, anelamento em um gradiente de 65° C / 66° C / 67° C / 68° C /
69° C / 70° C por 30s e extensdo a 72° C durante 1 min. Foi seguido por uma extensao final de
5 min a 72° C. Os produtos da amplificacdo foram analisados por eletroforese em gel de
agarose para selecionar a temperatura de anelamento. Assim, a reacdo selecionada foi a de
desnaturacéo inicial por 5 min a 95° C, seguida de 30 ciclos consecutivos de desnaturagdo a
95° C por 30s, anelamento a 66° C por 30s e extensdo a 72° C por 30s, sendo seguida por uma

extensdo final a 72° C por 5 min.
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4.8.2.2. Procedimento de avaliacao de especificidade da Nested PCR

Com o objetvo de avaliar a especificidade da Nested PCR, amostras de DNA de 15
outras bactérias foram usadas no PCR1 e nos ensaios de Nested. Algumas cepas de DNA
bacteriano foram gentilmente cedidas pelo Dr. lvano de Filippis, Colecdo de Microrganismos
de Referéncia em Vigilancia Sanitaria-CRMVS, FIOCRUZ-INCQS, Rio de Janeiro, RJ. As
bactérias utilizadas nos experimentos foram Rickettsia rickettsii, Rickettsia typhi, Ehrlichia
chaffeensis, Ehrlichia canis, Anaplasma phagocytophilum, Bartonella henselae, Borrelia
burgdorferi (Laboratério de Hantaviroses e Rickettsiose, FIOCRUZ), Pseudomonas
aeruginosa INCQS 00025 (ATCC 15442), Brucella abortus INCQS 00242 (ATCC 7705),
Legionella pneumophila subsp pneumophila INCQS 00451 (NCTC 11232 ATCC 33155),
Staphylococcus aureus CCBH 3853 (ATCC 25923), Streptococcus pneumonia, Haemophilus
influenzae, Neisseria meningitidis (Laboratorio de Epidemiologia e Sistematica Molecular) e

Listeria monocytogenes (Laboratdrio de Zoonoses Bacterianas).

4.8.2.3. Andlise molecular com alvo coml (gene que codifica proteina da

membrana externa de 27 kDa de Coxiella burnetii)

Com o objetivo de confirmar os resultados da reagdo em cadeia da polimerase (PCR) para
pesquisa de C. burnetii do alvo 1S1111, uma reagdo com outro alvo foi realizada em todas as
amostras positivas de carrapatos. Estes primers foram desenhados a partir de uma regido conservada
do gene de C. burnetii, 0 alvo coml, a partir das sequéncias de genes de 21 amostras (Quadro 4.3).
As especificidades de sequéncias destes iniciadores foram verificadas, pelo programa BLAST,
utilizando as sequéncias na base de dados GenBank, ndo apresentando nenhuma homologia com as
sequéncias de outros organismos bacterianos ou virus (Zhang et al 1998).

Quadro 4.3: Oligonucleotideos (primers) utilizados para deteccdo de Coxiella burnetii na

reacdo de PCR com alvo com1.

_ . Temperatura | Tamanho
Oligonucleotideos Sequéncias (5’ - 3°)
anelamento | do fragmento
OMP1 AGTAGAAGCATCCCAAGCATTG 54 9C 501b
OMP2 TGCCTGCTAGCTGTAACGATTG P
OMP3 GAAGCGCAACAAGAAGAACAC 57 9C 438bp
OMP4 TTGGAAGTTATCACGCAGTTG

Fonte: Zhang et al 1998.

Na primeira amplificagdo por PCR foi realizada em um volume de 25ul de reagdo, que
continha 50 mM KCI, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCI2, 200 uM mistura de dNTP
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(20mM de cada desoxinucleotideo trifosfato), 0.5 uM primer OMP1, 0.5 uM primer OMP2,
(Invitrogen, Life Technologies Brazil), 2 U de Platinum Tag DNA polimerase (Invitrogen,
Carlsbad, CA, EUA), 4 uL de DNA da amostra e agua nuclease livre (Promega, Madison, WI,
EUA). Na segunda amplificacdo a mistura da reacdo e as condi¢fes foram as mesmas, exceto
pelos primers utilizados e pela quantidade de DNA da amostra de 1 pL.

A reacdo foi realizada com a temperatura de desnaturagdo inicial de 94° C por 3 min,
seguida de 36 ciclos consecutivos de desnaturagdo a 94° C por 1 min, anelamento a 54° C por
1min e extensdo a 72° C por 1min, seguida posteriormente por uma extenséo final a 72° C por
5 min. As temperaturas da segunda reacdo seguiram as mesmas descritas previamente exceto

pela temperatura de anelamento que foi de 57° C (Zhang et al 1998).

4.8.2.4. Procedimento de sequenciamento e analise filogenética

O sequenciamento dos produtos de PCR amplificados procedentes de amostras
bioldgicas foi realizado através de purificacdo usando o Wizard® SV Gel e PCR Clean-Up
System (Promega, Madison, WI, USA) de acordo com as instruc¢des do fabricante. As reacfes
de sequenciamento foram realizadas utilizando kit BigDye® Terminator V3.1 Cycle
Sequencing (Applied Biosystems, Foster City, CA, USA) e os produtos sequenciados foram
entdo purificados com kit BigDye® X-Terminator Purification (Applied Biosystems, Foster
City, CA, USA) e executados em ABI PRISM 3100 Nucleic Acid Sequence Analyser
(Applied Biosystems, Foster City, CA, USA). A analise das sequéncias foi conduzida usando
0s programas BioEdit (Hall 1999) e a versdo MEGA 5 (Tamura et al. 2011) e, apds o
alinhamento de sequéncia, a caracterizacdo de C. burnetii foi realizada comparando as
sequéncias de fragmentos correspondentes depositados no GenBank.

4.8.2.5. Analise dos artropodes

Os artropodes coletados foram acondicionados em frascos de plastico sem conservantes
em freezer —70°C. Todos os artrépodes, apOs terem sido submetidos a caracterizacdo
taxondmica a partir da utilizagdo da chave para a fauna ixodologica brasileira, foram
submetidos & limpeza externa e a criopreservacdo, para posterior analise molecular para
pesquisa de C. burnetii. A desinfeccdo da superficie externa das amostras foi realizada em
microtubos de 1,5 ml colocados em plataforma agitadora (Termomix em temperatura
ambiente) com 500 pl de hipoclorito de sodio a 10% e agitados por 5 minutos. Toda a solugao
de hipoclorito de sodio foi retirada com a adigdo de 1 ml de etanol a 70% nas amostras que

foram submetidas a agitacdo por 5 min. Subsequentemente toda a solugdo de etanol foi
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retirada e 1 ml de agua destilada estéril foi adicionada as amostras que foram novamente
agitadas por 5 minutos. Foi retirada toda a agua destilada e repetida a lavagem com &gua por
mais duas vezes. Os tubos contendo as amostras foram centrifugados rapidamente para
retirada de toda a agua e conservados até a preparacdo para extracdo. Posteriormente aos
artropodes triturados em nitrogénio liquido foram adicionadoss 180l de tampao ATL e 20 pl
de proteinase K que foram misturados no vortex com posterior incubacéo a 56 °C no banho-
maria overnight. No dia seguinte foram adicionados 200 pl de tampdo AL seguindo uma
etapa de incubacdo a 70°C em termobloco por 10 minutos. O processo de extracdo foi
mantido usando kit comercial (QlAamp DNA, Qiagen), conforme informacao do fabricante.

Depois de extraido o DNA, as amostras foram submetidas & analise molecular.
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5. RESULTADOS
Considerando que as amostras foram submetidas a analise molecular, antes de apresentar

os resultados obtidos nas diferentes populacbes que compdem o presente estudo, serdo

descritas as informacdes referentes a implantacdo da Nested PCR.

5.1. Procedimento de Implantacéo de Nested PCR
5.1.1. Sensibilidade da PCR e Nested PCR
O ensaio de PCR com os iniciadores de PCR para Trans-PCR detectou amplificacdo na

primeira PCR até a diluicdo de 10* (Figura 5.1).

Figura 5.1: Ensaio de PCR com Coxiella burnetii realizadas com primers de trans-PCR como
descrito no item Materiais e Métodos. Linhas; 1- o controle negativo; 2- C. burnetii suspensédo
1x [0,034 pg/ml]; 3- 100 bp DNA ladder; 4- C. burnetii suspensdo 10x; 5- C. burnetii
suspensdo 10%x; 6- C. burnetii suspensdo 10°x; 7- C. burnetii suspensdo 10°x; 8- C. burnetii
suspensdo 10°x; 9- C. burnetii suspensdo 10°x; 10- C. burnetii suspensdo 10'x.
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Depois destes resultados, as diluicdes ndo amplificadas (de 10°x a 10'x) foram
submetidas a uma PCR de gradiente para selecionar as condi¢des térmicas 6timas da reagdo e
foi possivel verificar a amplificacdo na diluicio de 10°x. Os resultados obtidos que
comprovam a maior sensibilidade dos primers de Nested PCR em relacdo ao Trans-PCR séo
apresentados na figura 5.2, na qual a amplificacdo dos produtos por electroforese em gel de

agarose 1% corado com solugdo GelRed ™ pode ser observada (Figura 5.2).

10 11 12 13 14 15 16 17 18 19

A .

Figura 5.2: Ensaio de PCR com gradientes de Coxiella burnetii nas temperaturas de
anelamento. Linhas; 1, o controle negativo; de 2 -4, suspensdo C.burnetii 10°x a 10’x na
temperatura de 65°C; de 5-7, suspensdo C. burnetii 10°x a 10'x na temperatura de 66°C; de 8-
10, suspensdo C. burnetii 10° a 10'x na temperatura de 67°C; de 11-13, suspensdo C.
burnetii 10°x a 10°x na temperatura de 68°C; de 14-16, suspensdo C. burnetii 10°x a 10'x na
temperatura de 69°C; 17-19, suspensdo C. burnetii 10°x a 10'x na temperatura de 70°C; 20,
100 bp DNA ladder.

Com a definicdo destes parametros foi realizada a Nested PCR utilizando sempre
controles negativos de reacdo com a temperatura de anelamento escolhida de 66°C. Com a
inclusdo deste procedimento foi possivel aumentar a sensibilidade em 10x da reacdo com

cosnequente melhoria na deteccdo do genoma parcial de C. burnetii (Figura 5.3)
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Figura 5.3: Ensaio de PCR com Coxiella burnetii realizadas com primers de Nested como descrito
no item 4. Linhas; 1-, controle negativo da PCR1; 2 - controle negativo da PCR2; 3 - 100 bp DNA
ladder; 4 - suspensdo C. burnetii 1x; 5 -suspenséo C. burnetii 10x; 6 - suspensdo C. burnetii 10°x; 7
- suspensdo C. burnetii 10°x; 8 - suspensdo C. burnetii 10°; 9 - suspenséo C. burnetii 10°x; 10 -
suspensio C. burnetii 10%; 11 - suspens&o C. burnetii 10'x.

5.1.2. Especificidade dos ensaios da PCR e Nested PCR
As amostras de DNA de 15 outras bactérias que foram usadas no PCR1 e nos ensaios de
Nested PCR a fim de avaliar a especificidade ndo apresentaram nenhuma amplificagdo para

estes microorganismos.

5.2. Casos de Febre Q e o Diagnostico Diferencial com Dengue

5.2.1. Pacientes suspeitos de dengue atendidos no Hospital Municipal

Desembargador Leal Junior em Itaborai

Durante o periodo de marco de 2013 a agosto de 2014, foram avaliados 272 pacientes
com suspeita de dengue e que foram atendidos no HMDJ, em um total de 521 amostras,
considerando tanto amostra de soro quanto de coagulo sanguineo. Dos 272 pacientes com
suspeita de dengue 167 (61,3%) foram confirmados. Na Tabela 5.1 se encontram os dados

clinicos e epidemioldgicos de 156 pacientes dengue-positivos e 102 dengue-negativos. Como
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nem todos os pacientes tinham ficha epidemiologica completa somente 156 pacientes foram

analizados. Observamos uma prevaléncia de febre, cefaleia e mialgia entre os confirmados

para dengue. Porém a mialgia foi prevalente também nos dengue negativos.

Tabela 5.1. Distribuicdo e comparacdo dos dados clinicos e epidemioldgicos entre 156

pacientes dengue-positivos e 102 dengue negativos diagnosticados no municipio de Itaborai,

Rio de Janeiro (2013-2014).

Dengue-positivo

Dengue-negativo

Ve N=156, n(%) N=102, n(%) P
Género
Masculino 64 (41) 44 (33,1) 0.73
Feminino 92 (58,9) 58 (56,8)
Idade (anos)
<10 5(3,2) 8 (7,8)
11-20 33 (21,1) 30 (29,4)
21-30 25 (16) 21 (20,5) 0.02
31-40 36 (23) 9(8,8)
41-50 24 (15,3) 12 (11,7)
>51 33 (32,6) 20 (19,6)
Febre 152 (97.4) 89 (87.2) <0.01
Dor de cabeca 146 (93.5) 82 (80.3) <0.01
Mialgia 134 (85.9) 81 (79.4) 0.17
Prostracao 86 (55.1) 69 (67.6) 0.04
Nausea/vomito 98 (62.8) 55 (53.9) 0.15
Dor Retro-orbital 98 (62.8) 51 (50.0) 0.04
Artralgia 60 (38.4) 43 (42.1) 0.55
Diarreia 51 (32.6) 28 (27.4) 0.37
Petequias 47 (30.1) 19 (18.6) 0.03
Rash 36 (23.0) 14 (13.7) 0.06
M:;gff;gfgae: 2 (1.28) 1(09) 1.00
Desordens Respiratérias 1(0.64) 1(0.9) 1.00

*Estatisticamente-significancia valores de p estdo em negrito.
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5.2.2. Casos de Febre Q e Prevaléncia de Anticorpos anti-Coxiella burnetii

Considerando que as amostras de soro foram coletadas, dentro do contexto da vigilancia
da dengue, com menos de 5-7 dias do inicio das manifestacdes clinicas, a anélise sorolégica
realizada teve como objetivo obter informacGes exclusivamente sobre a prevaléncia de
anticorpos anti-C. burnetii. Assim, diante da impossibilidade de se obter uma segunda
amostra de sangue que pudesse viabilizar o diagnéstco sorologico confirmatorio de febre Q,
no qual € necesséria a anélise de duas amostras pareadas de soro coletadas em um periodo
médio de 10-14 dias entre elas, os resultados obtidos mostram que 10% (26/272) dos
pacientes atendidos no periodo foram reativos para C. burnetii (Tabela 5.2).

Em relagdo a analise molecular, em nove pacientes foi detectado o genoma da
proteobactéria representando, aproximadamente, 3.3% dos casos febris suspeitos de dengue
que foram atendidos no hospital durante o periodo de estudo. O sequenciamento dos produtos
de PCR procedentes das amostras biologicas foi realizado com analise das sequéncias
gendmicas obtidas, correlacionando-as com as sequéncias de C. burnetii previamente
descritas. Os resultados da analise confirmaram a elevada similaridade entre as nove amostras
(99-100%) e com as sequéncias de C. burnetii depositadas no GenBank (Tabela 5.3).
Nenhuma amostra com anticorpos anti-C. burnetii foi PCR positiva para febre Q e somente
um paciente com febre Q apresentou, concomitantemente, anticorpos anti-lgM por ensaio de
captura (Panbio®) e NS1 (Plateleia- BIORAD®), indicando co-infecdo com virus da dengue
(Tabela 5.3).

Tabela 5.2. Resultados sorol6gicos através de imunofluorescéncia indireta (IFI) e moleculares
das amostras de soro e codgulo dos pacientes atendidos no Hospital Municipal
Desembargador Leal Junior (HMDLJ) de 2013-2014.

IFI PCR

2013 2014 2013 2014

N° reativos (total) N2 reativos (total) | N°positivos (total) ~ N° positivos (total)

Ano

Pacientes atendidos no HMDLJ

S0ro 23(246) 3(26) 6*(246) - (26)

coagulo | .. . 3**(233) - (13)

IFI foi realizado no soro.

*PCR realizada em soro;** PCR realizada em coagulo.
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Com relacdo as manifestacGes clinicas mais comuns apresentadas, a triade - febre,
cefaleia e mialgia -, foi igualmente prevalente tanto nos casos da dengue quanto da febre Q. E
pertinente observar que esta triade também foi referida nos pacientes dengue-negativos
(Tabela 5.1).

Tabela 5.3. Distribuicdo das idades e manifestacdes clinicas de nove pacientes com
diagndsticode febre Q - confirmados pela PCR, em Itaborai e em &reas do entorno, Rio de
Janeiro, Brasil (2013-2014).

Data de coleta Numero de

Paciente |ldade/Género| daamostra Manifestacdes Clinicas ** acesso ao
(més/ano) GenBank

Paciente 1* 78/M Abril/13 F, DC, M, P, N/V, A KP645185
Paciente 2 15/F Abril/13 F, DC, M, P, N/V, OM KP645186
Paciente 3 28/F Maio/13 F, DC, M, R, N/V, OM KP645187
Paciente 4 16/M Maio/13 F, DC, M, P, OM KR091975
Paciente 5 13/F Setembro/13 F, RO, A, OM KP645188
Paciente 6 8/M Setembro/13 F, P, OM KP645189
Paciente 7 67/M Outubro/13 F, DC, M, P, N/V, RO, A KP645190
Paciente 8 62/F Outubro/13 F, DC, M, N/V, RO, A, OM | KP645191
Paciente 9 25/F Novembro/13 F, DC, M, P, N/V, A KR091976

*Paciente 1 teve confirmada a presenca de dengue por anticorpos anti-lgM por ensaio de
captura (Panbio®) e NS1 (Plateleia- BIORAD®), indicando co-infe¢do com virus da dengue.

**Febre (F); Dor de cabeca (DC); Mialgia (M); Prostracdo (P); Nausea/Vomito (N/V); Dor
Retro-orbital (RO); Artralgia (A); Outras manifestacdes clinicas (OM): Diarréia; Petequias;
Rash; Dor Abdominal.

Na figura 5.4 € apresentada a distribuicdo dos casos confirmados de febre Q. Além do
municipio de Itaborai, onde sete casos foram confirmados e o estudo foi realizado, 0s
municipios vizinhos, S&o Gongalo e Tangua foram incluidos, considerando a procedéncia dos

outros dois casos de febre Q.
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Figura 5.4: Mapa demonstrando a localiza¢do dos casos de febre Q identificados em 2013 no
municipio de Itaborai e nos municipios limitrofes, assim como as distancias entre 0s pontos

mais proximos e os mais distantes do caso index confirmado em 2008.

5.3. Estudo Seccional com Coleta de Amostra de Sangue de Familiares, de Animais
Domésticos e de Artropodes nas Areas de Ocorréncia de Casos de Febre Q

O trabalho de campo no municipio de Itaborai foi realizado, no contexto do Laboratério
de Referéncia Nacional para Rickettsisoes, sempre com a presenca do coordenador da
vigilancia epidemiologica para a realizagéo das visitas domiciliares. As areas foram definidas
de acordo com os casos dos pacientes e estes foram numerados na ordem de identificacdo. As

localidades dos casos 4 e 9 ndo puderam ser visitadas, pois se encontravam fora do municipio.
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Em relacdo as areas 2, 6 e 7, também ndo foram visitadas devido a auséncia de
informacdes das fichas epidemioldgicas. Na area 1, o paciente ndo tinha animais e ndo foram
encontrados artropodes. No entanto, diante da presenca de um cdo sem raca definida errante
que se encontrava a 1 km aproximadamente da residéncia do caso confirmado na éarea 1,
ectoparasitas foram coletados deste animal, com a inclusdo, assim, de mais uma area,
denominada area 10.

As investigacdes foram conduzidas principalmente nas areas que se encontravam a uma
distancia maxima de 12 km da area do caso index onde foi detectado o foco inicial. Como as
areas mais distantes apresentavam caracteristicas perirurais, com presenca de sitios e animais
(Figura 5.5), foram selecionadas outras &reas do entorno das &reas onde ocorreram 0S €asos
positivos para coleta com distancia adicional de 1 a 2 km das mesmas. As distancias entre as

areas que foram selecionadas para esta etapa do estudo se encontram descritas na Tabela 5.4.

Tabela 5.4: Distancias em quilémetros entre as areas onde foram realizadas as coletas de
artrépodes, no municipio de Itaborai/RJ no periodo de 2015. A numeragdo
corresponde as areas com casos de febre Q e as letras, significam a inclusdo de areas

do entorno.

Area | Area | Area | Area | Area Area Area Area | Area | Area
1 2 3 5 5A 5B 5C 8 10 Indice

Area 1 0.00 |3.25 |11.44 | 10.00 | 10.03 | 09.80 | 7.87 6.81 | 1.27 2.89

Area 2 3.25 | 0.00 |877 |6.99 |6.97 6.78 4.80 3.74 | 2.07 4.99

Area3 11.44 | 8.77 |0.00 | 838 |8.25 8.64 7.43 5.24 |10.11 | 11.05

Area 5 10.00 | 6.99 | 838 |0.00 |0.18 0.40 2.31 5.25 | 8.92 11.81

Area 5A 10.03 | 6.97 | 825 |0.18 | 0.00 0.45 2.19 5.14 | 8.92 11.70

Area 5B 09.80 | 6.78 | 8.64 |0.40 |0.45 0.00 2.23 5.29 | 870 11.83

Area 5C 787 (480 |7.43 |231 |219 2.23 0.00 3.24 | 6.75 9.56

Area 8 6.81 |3.74 |524 |525 |5.14 5.29 3.24 0.00 | 5.49 7.56

Area 10 1.27 |2.07 |10.11 | 892 | 8.92 8.70 6.75 5.49 | 0.00 3.24

Area 2.89 | 4.99 11.05 | 11.81 | 11.70 11.83 | 9.56 7.56 | 3.24 0.00
Indice
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Figura 5.5: Caracteristicas dos ambientes onde foram feitas as coletas de artropodes no

municipio de Itaborai para pesquisa de infec¢do por Coxiella burnetii, em 2015, A numeracéao
das fotos corresponde as areas, além de areas em seu entorno, onde casos de febre Q foram

confirmados.

47



Ap0s a coleta de forma seccional em janeiro de 2015, outras coletas foram realizadas
nos meses de maio, agosto e setembro do mesmo ano. Na figura 5.6. ¢ apresentada, em um
mapa georreferenciado, a distribui¢cdo dos casos de febre Q, no qual € possivel verificar a
densidade populacional assim como a distribuicdo da vegetacdo em relacdo as areas incluidas

no estudo..
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Figura 5.6: Mapa de georreferenciamento das areas de coletas de artropodes no municipio de
Itaborai/RJ, onde casos de febre Q foram confirmados durante o periodo de vigilancia de
febre Q nos casos suspeitos de dengue que foram atendidos no Hospital Municipal
Desembargador Leal Janior no periodo de 2013 e 2014 e as areas do entorno.

Na tabela 5.5 sdo apresentados os resultados da analise dos 283 artrépodes que foram
coletados em areas mais distantes do local de ocorréncia dos casos de febre Q em 2008 e
2013, além das localidades no entorno cuja distancia considerada foi de, no maximo, 2 km do
provavel local do foco.
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Tabela 5.5: Coleta de artrépodes nas areas de residéncia dos casos confirmados de febre Q e

em areas no entorno, em 2015, no municipio de Itaborai/Rio de Janeiro.

JANEIRO — data de coleta 30/01/15

N PCR/ Nest
Local Hospedeiro Identificacdo ? de Taxonomia / Nested
artropodes
Area3 Canino Cio1l 189 R.sanguineus N
Gebara Pretinha 134 R.sanguineus N
Paciente 3 C302 169 R.sanguineus N
positiva febre Q Kira 83 R.sanguineus 50 P
C3o3 74 R.sanguineus 56e59 P
Polémico 49 R.sanguineus N
Cédo 4 209 R.sanguineus 79e83P
Xuxa 538 R.sanguineus 89 P
R. j N
Cios 8% sanguineus
. 47 R.sanguineus N
Preta mae - :
1 ninfa R.sanguineus N
Ambiente Ambiente 39 R.sanguineus N
Pesquisador Pesquisador 1 ninfa R.sanguineus N
Areas Canino = 49 R.sanguineus N
Caol -
Cabucu 34 R.sanguineus N
Paciente 5 Ci0 2 49 R.sanguineus N
positiva febre Q 3 ninfas R.sanguineus N
Area 5A Equino . Dermacentor
Cabucu (Entorno) Equil £ nitens N
Area 5C Canino Ciol 1343 R.sanguineus 133 P
Cabucu 5 buleas Ctenocephalides
Entorno Sitio Cao 2 bu'e canis N
3 ninfas R.sanguineus N
Equino Equi 2 59 A. sculptum 154 P
348 A. sculptum N
Area 8 Canino N 29 R.sanguineus N
Caiol -
43 R.sanguineus N
Bela Vista 29 R.sanguineus N
Paciente positiva Cao 2 13 R .
febre Q .sanguineus N
Area 10
Fazenda Sao Canino Caol 1 ninfa R.sanguineus N
Marcos
. N 2 R.sanguineus N
Area 11 Caol 7 g -
. 148 R.sanguineus N
Engenho Velho Canino -
entorno C30 2 8¢9 R.sanguineus N
43 R.sanguineus N
Artrépodes Total 180
P — positivo; N — negativo
MARCO — data de coleta 25/03/15
Local Hospedeiro Identificacdo N? de Taxonomia PCR/ Nested
artrépodes
Area3 Canino Céo 79 R.sanguineus N
Preta mde 63 R.sanguineus N
Gebara Cio 219 R.sanguineus N
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Paciente positiva Kira 1043 R.sanguineus N
febre Q Cido5 49 R.sanguineus N
Pretinha 24 R.sanguineus N
Artrépodes Total 50
P — positivo; N — negativo
AGOSTO — data de coleta 10/08/15
Local Hospedeiro Identificacdo N? de Taxonomia PCR/ Nested
artropodes
Area3 Canino 19 R.sanguineus N
Gebara Cao -
. .. N . R.sanguineus
Paciente positiva Pblemico 143
febre Q N
Areas Canino 13 R.sanguineus N
Cabugu Cao R.sanguineus N
Paciente positiva Rebeca 1 ninfa
febre Q
Artropodes Total 4
P — positivo; N — negativo
SETEMBRO — data de coleta 25/09/15
No de PCR/ Nested
Local Hospedeiro Identificacdo artropode Taxonomia
s
Area3 Canino 109 R.sanguineus N
C3o xery 16 & R.sanguineus N
Gebara 6 ninfas R.sanguineus 414 p
Paciente positiva o . ] ]
febre Q Cado Polemico 18 ninfas R.sanguineus N
Artréopodes Total 49
TOTAL DE CARRAPATOS 283

P — positivo; N — negativo

Nesta etapa do projeto, foram coletadas, além de carrapatos, amostras de sangue de

contactantes, amostras de sangue, swab anal e vaginal dos animais das areas de onde casos de

febre Q foram confirmados. As amostras positivas foram sequenciadas. Os resultados obtidos

na analise das amostras dos contactantes e dos animais se encontram nas tabelas abaixo

(Tabela 5.6 a 5.9). Os nimeros de acesso do GenBank se encontram na tabela 5.10.

Tabela 5.6: Resultados soroldgicos obtidos pelo teste de imunofluorescéncia indireta (IFI) e

moleculares (PCR) em amostras de sangue de contactantes dos casos de febre Q no

municipio de Itaborai, maio de 2015.

Registro ?;lzge Area Nome sexo | ldade Material SoégtglgéFl PCR1 PC?Vested
LRPO041/15 | 25/03/15 3 Contactante 1 F 11a soro NR < 1:64 -—- -
LRPO042/15 | 25/03/15 3 Contactante 1 F 11a coagulo - - -
LRP0043/15 | 25/03/15 3 Contactante 1 F 11a | sangue EDTA --- N N
LRPO044/15 | 25/03/15 3 Contactante 2 F 26a soro NR < 1:64 --- -
LRP0045/15 | 25/03/15 3 Contactante 2 F 26a coagulo - - -




LRP0O046/15 | 25/03/15| 3 Contactante 2 F 26a | sangue EDTA -—- N N
LRP0O047/15 | 25/03/15| 3 Contactante3 | M | 55a soro NR < 1:64 -- -—-
LRP0048/15 | 25/03/15| 3 Contactante3 | M | 55a coagulo --- - ---
LRPO049/15 | 25/03/15 3 Contactante3 | M 55a | sangue EDTA - N N
LRP0050/15 | 25/03/15| 3 Contactante 4 F 47a soro NR < 1:64 -- --
LRPO051/15 | 25/03/15| 3 Contactante4 | F 47a coagulo --- --- ---
LRP0052/15 | 25/03/15 3 Contactante 4 F 47a | sangue EDTA - N N
LRP0053/15 | 25/03/15| 3 Contactante5 | M | 59a soro NR < 1:64 -- --
LRP0054/15 | 25/03/15| 3 Contactante5 | M | 59a coagulo --- - ---
LRP0O055/15 | 25/03/15 3 Contactante5 | M 59a | sangue EDTA - N N
LRP0056/15 | 25/03/15| 3 Contactante 6 F 34a soro NR < 1:64 -—- --
LRP0O057/15 | 25/03/15 3 Contactante 6 F 34a coagulo
LRP0O058/15 | 25/03/15| 3 Contactante 6 F 34a | sangue EDTA -—- N N
LRP0O059/15 | 25/03/15| 3 Contactante7 | M | 32a soro NR < 1:64
LRP0O060/15 | 25/03/15| 3 Contactante7 | M | 32a coagulo
LRP0O061/15 | 25/03/15| 3 Contactante7 | M | 32a | sangue EDTA -—-

R — reativo; NR — ndo reativo; P — positivo; N — negativo; P/S — positivo e sequenciado.

Tabela 5.7. Resultados sorologicos obtidos pelo teste de imunofluorescéncia indireta (IFI) e

moleculares (PCR) em amostras de sangue de animais nas propriedades de

ocorréncia de casos de febre Q no municipio de Itaborai, margo de 2015.

. Datade | . . Sorologia IFA PCR
Registro Coleta Area ANIMAL Material COX 1gG PCR1 | Nested
LRP0062/15 | 25/03/15 3 Canino Kira soro NR< 1:64 --- -
LRP0O063/15 | 25/03/15 3 Canino Kira codgulo -—- - -—-
LRP0O064/15 | 25/03/15 3 Canino Kira sangue EDTA -—- N N
LRP0O065/15 | 25/03/15 3 Canino Kira swab vaginal -—- N N
LRP0066/15 | 25/03/15 3 Canino Kira swab anal - N N
LRP0O067/15 | 25/03/15 3 Canino Pretinha soro NR < 1:64 - -—-
LRP0O068/15 | 25/03/15 3 Canino Pretinha coagulo -—- --- -—-
LRP0069/15 | 25/03/15 3 Canino Pretinha sangue EDTA -—- N N
LRP0070/15 | 25/03/15 3 Canino Pretinha swab vaginal -—- N N
LRP0O071/15 | 25/03/15 3 Canino Pretinha swab anal -—- N N
LRP0072/15 | 25/03/15 3 Canino Polémico soro NR < 1:64 --- ---
LRP0073/15 | 25/03/15 3 Canino Polémico coagulo -—- --- -—-
LRP0074/15 | 25/03/15 3 Canino Polémico sangue EDTA -—- P P/S
LRP0O075/15 | 25/03/15 3 Canino Polémico swab anal -—- N N
LRP0O076/15 | 25/03/15| 3 |Canino Xuxa sangue EDTA(plasma) NR < 1:64 N N
LRP0O077/15 | 25/03/15 3 Canino Preta mae | sangue EDTA(plasma) NR < 1:64 N N
LRP0O078/15 | 25/03/15 3 Canino Preta mae swab vaginal -—- N N
LRP0O079/15 | 25/03/15 3 Canino Preta mae swab anal -—- N N

R —reativo; NR — ndo reativo; P — positivo; N — negativo; P/S — positivo e sequenciado.

Tabela 5.8: Resultados soroldgicos obtidos pelo teste de imunofluorescéncia indireta (IFI) e

moleculares (PCR) em amostras de sangue de casos de febre Q e de contactantes

no municipio de Itaborai, agosto de 2015.

Registro %a;ﬁa?ae Area Nome sexo | Idade | Material ch%l;g'% (I;: al PCR:I|.D Cl\?este d
LRPO100/15 |10/08/15| 5 Contactante 1 F 39 soro NR < 1:64 - ---
LRP0101/15 | 10/08/15| 5 Contactante 1 F 39 | coagulo - -—- ---
LRP0102/15 | 10/08/15| 5 Contactante 1 F 39 - N N




EDTA
LRP0103/15 | 10/08/15| 5 Paciente 5 F 15 soro NR < 1:64 -- -
LRPO104/15 | 10/08/15| 5 Paciente 5 F 15 |coagulo - -—- -
. S8
LRP0105/15 | 10/08/15| 5 Paciente 5 F 15 EDTA N N
LRPO106/15 | 10/08/15| 5 Contactante 2 F 16 soro NR < 1:64 - -—-
LRPO107/15 | 10/08/15| 5 Contactante 2 F 16 |coagulo - - -
LRPO108/15 | 10/08/15| 5 Contactante 2 F | 16 E;ﬁ A N N
LRP0122/15 |17/08/15| 3 Paciente 3 F 31a soro NR < 1:64 -—- -
LRP0O123/15 | 17/08/15| 3 Paciente 3 F 31a |coagulo
. sangue
LRPO124/15 | 17/08/15 3 Paciente 3 F 313 EDTA N N

R —reativo; NR — ndo reativo; P — positivo; N — negativo; P/S — positivo e sequenciado.

Tabela 5.9: Resultados soroldgicos obtidos pelo teste de imunofluorescéncia indireta (IFI) e

moleculares (PCR) em amostras de sangue de animais das propriedades de

ocorréncia de casos de febre Q no municipio de Itaborai,em agosto e setembro de

2015.
. Datade | . . Sorologia IFA PCR
Registro Coleta Area ANIMAL Material COX 1gG PCR1 | Nested
LRP0109/15 | 10/08/15 5 canino Rebeca Soro NR < 1:64 -—- -—-
LRP0110/15 | 10/08/15 5 canino Rebeca coagulo -—- -—- -—-
LRP0111/15 | 10/08/15 5 canino Rebeca sg EDTA -—- N N
LRP0112/15 | 10/08/15 5 canino Rebeca Swab vaginal -—- N N
LRP0113/15 | 10/08/15 5 canino Rebeca swab anal -—- N N
LRP0114/15 | 10/08/15 5 Canino Spike soro NR < 1:64 N N
LRP0O115/15 | 10/08/15 5 Canino Spike coagulo -—- -—- -—-
LRP0O116/15 | 10/08/15 5 Canino Spike sab anal -—- N N
LRP0117/15 | 10/08/15 3 Canina Xuxa soro NR < 1:64 -- ---
LRP0118/15 | 10/08/15 3 Canina Xuxa coagulo -—- -—- -—-
LRP0119/15 | 10/08/15 3 Canina Xuxa sg EDTA -—- N N
LRP0120/15 | 10/08/15 3 Canina Xuxa Swab vaginal -—- N N
LRP0121/15 | 10/08/15 3 Canina Xuxa swab anal -—- N N
LRP0125/15 | 25/09/15 3 Canino Xery soro NR < 1:64 -- ---
LRP0126/15 | 25/09/15 3 Canino Xery coagulo -—- -—- -—-
LRP0127/15 | 25/09/15 3 Canino Xery sangue EDTA -—- N N
LRP0128/15 | 25/09/15 3 Canino Xery plasma -—- -—- -—-
LRP0129/15 | 25/09/15 3 Canino Xery swab vaginal -—- N N
LRP0130/15 | 25/09/15 3 Canino Xery swab anal - N N
LRP0O131/15 | 25/09/15 3 Canino Polémico soro R=128 - -
LRP0O132/15 | 25/09/15 3 Canino Polémico coagulo - - -
LRP0O133/15 | 25/09/15 3 Canino Polémico sangue EDTA -—- N N
LRP0O134/15 | 25/09/15 3 Canino Polémico plasma - - -
LRP0O135/15 | 25/09/15 3 Canino Polémico swab anal - N N
LRP0136/15 | 25/09/15 3 Canino Peterson soro R=64 - -
LRPO137/15 | 25/09/15 3 Canino Peterson coagulo - - -
LRP0O138/15 | 25/09/15 3 Canino Peterson sangue EDTA -—- N N
LRP0139/15 | 25/09/15 3 Canino Peterson plasma -—- -—- ---
LRP0140/15 | 25/09/15 3 Canino Peterson swab anal -—- N N

R —reativo; NR — ndo reativo; P — positivo; N — negativo; P/S — positivo e sequenciado.
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Tabela 5.10: Amostras PCR positivas para Coxiella burnetii e as sequenciadas com 0s

respectivos nimeros de acesso ao GenBank, procedentes de animais e dos

respectivos artropodes do municipio de Itaborai/RJ

Animal/ Numero de
Numero de | . . Data de R .
. Area | taxonomia Hospedeiro Género Material acesso ao
registro coleta
carrapato GenBank
C50 3 | R.sanguineus C3oKira 30/01/15 g carrapato NS
C56 3 | R.sanguineus | Cdo Polémico | 30/01/15 3 carrapato NS
C59 3 | R.sanguineus | C3o Polémico | 30/01/15 4 carrapato KT867378
C79 3 | R.sanguineus | Cdo 4 Xuxa | 30/01/15 Q carrapato NS
C83 3 | R.sanguineus | Cdo 4 Xuxa | 30/01/15 Q carrapato NS
C89 3 | R.sanguineus | C3o4 Xuxa | 30/01/15 34 carrapato NS
C133 5C | R.sanguineus Cio1l 30/01/15 3 carrapato NS
C154 5C | A. sculptum Equino 2 30/01/15 Q carrapato KT970067
Cc414 3 | R.sanguineus C3o Xery 25/09/15 ninfa | carrapato KU058956
LRP0074/15 | 3 | C3o polémico -—- 25/03/15 4 sang. EDTA KT867377

NS: Positiva, mas ndo sequenciada.

As amostras positivas de carrapatos foram submetidas subsequentemente a deteccdo de
outro gene que codifica uma proteina da membrana externa de 27 kDa da C. burnetii,

comprovando que os resultados eram positivos para C. burnetii (Figura 5.7).

5.4. Populacao de Animais Domeésticos

Nesta etapa do projeto, realizado na propriedade do caso index ocorrido em 2008, 0s
resultados sorolégicos da primeira coleta, realizada em 2011, mostraram que trés dos seis
felinos e um dos trés cdes tinham anticorpos anti-C. burnetii. Todas as nove ovelhas foram
ndo reativas.

Em relacdo ao estudo realizado em 2012, dois dos seis ovinos submetidos a nova coleta
foram reativos e nenhum dos sete filhotes de gatos apresentou anticorpos anti-C. burnetii.
Quanto aos resultados da analise molecular, foi possivel recuperar o genoma da proteobactéria
em um swab anal de um filhote de gato e em uma amostra de tecido do Ubere da ovelha
reativa que apresentou um aborto na ocasido (Tabela 5.11) (Figura 5.8.). Dos artropodes,

nenhuma dos 21 pulgas coletadas dos filhotes felinos apresentou o genoma da proteobactéria.
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Figura 5.7: Gel de eletroforese de resultado da Nested PCR de gene que codifica uma proteina da
membrana externa de 27 kDa da C. burnetii com1 para DNA de artropodes positivos. Linhas: 1 -
DNA de carrapato 50; 2 - DNA de carrapato 56; 3 - DNA de carrapato 59; 4 - 100 bp DNA
ladder; 5 - controle positivo; 6 - controle negativo da PCR1; 7 - controle negativo da PCR2.

A sequéncia obtida do swab anal do felino foi depositada no GenBank (GenBank No.
KC854155) como também a do tecido do Ubere da ovelha (GenBank No. KC854154)
exibindo alta similaridade (99%) com outras sequéncias de C. burnetii no GenBank.

Tabela 5.11. Resultados obtidos pelos testes de imunofluorescéncia indireta (IFI) e
moleculares (PCR) dos animais domésticos, na area do caso index de febre Q, no municipio
de Itaborai/RJ, em 2011 e 2012.

IFA* PCR No de acesso
GenBank

2011 2012 2011 2012

No de reativos  No de reativos | No de positivos ~ No de positivos

(total) (total) (total) (total)
Ovelhas 0(9) 2(6) 0(9)** 1xx**(G)** KC854154
Felinos adultos | 3(6)  ----- oe)*>* -
Cées )
Felinos filhotes | ----- 07) |- 1 (7)%* KC854155
Pulgas |- eeeee e 0(21)

* |FI realizado no soro **PCR realizada em soro ou coagulo; ***PCR realizada em

swabs,**** PCR realizada em tecido.
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Figura 5.8: Coleta de amostras de ovelha e gato positivos na propriedade de ocorréncia do
caso index de febre Q: A - coleta de sangue de ovelha PCR positiva; B - coleta de swab anal
de felino PCR positivo; C - coleta de pulgas; D - coleta de sangue de felino; E, gatil feito
pelos proprietarios depois de serem informados sobre os riscos de infeccdo de animais
errantes.
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5.5. Populacéo de Animais Silvestres

Em trés expedicOes realizadas entre outubro de 2011 a setembro de 2012, nas trés &reas
do municipio de Itaborai (Figura 4.2), foram capturados 59 pequenos mamiferos néo
voadores, animais de pequeno porte com até 5 kg (Rodentia e Didelphimorphia), com
predominio dos marsupiais (48 Didelphimorpha) e 11 pequenos roedores (Rodentia) (Tabela
5.12). Todos os animais foram testados para PCR, utilizando fragmento de tecido do baco e

todas as amostras resultaram negativas.

Tabela 5.12. Pequenos mamiferos capturados no Municipio de Itaborai, Rio de Janeiro, em

trés expedicOes realizadas entre outubro de 2011 a setembro de 2012.

Expedicdo* | Localidade** | Espécies (n) Fémea Macho
I* Area 1 Didelphis aurita (3) 2(1**) [1(1*)
Area 2 Philander frenatus (4) - 4
Micoureus paraguayanus (2) 1 1
Area 3 Philander frenatus (2) - 2
Akodon cursor (4) 2 2
Oligoryzomys nigripes (1) 1 -
Didelphis aurita (1) 1 -
1* Area 1 Didelphis aurita (4) 4 -
Area 2 Philander frenatus (10) 2 8 (4%)
Micoureus paraguayanus (3) 1 2
Area 3 Philander frenatus (2) 2(1% |-
Akodon cursor (1) 1 -
H1* Area 1 Didelphis aurita (1) 1 -
Area 2 Akodon cursor (1) 1 -
Micoureus paraguayanus (5) 2 3
Philander frenatus (5) 3 2
Area 3 Akodon cursor (4) 2 2
Micoureus paraguayanus (2) 1 1
Philander frenatus (4) 3 1
Nectomys squamipes (1) - 1

* Expedicdo | de 10 a 14 de outubro de 2011; Expedicdo Il,de 28 de maio a 01 de junho de
2012 e Expedicéo 111, ,de 10 a 14 de setembro de 2012
**NUmero de animais jovens

5.6. Atividades Realizadas em Resposta aos Resultados Obtidos

5.6.1. Tratamento e Medidas de Prevengéo

Além de orientagdo quanto ao tratamento dos casos de febre Q, com a identificacdo de carrapato
positivo em um c80 com coxielose apresentando manifestacdo clinica foi instituida a
antibioticoterapia neste animal com doxiciclina (100mg) BID por 15 dias na dosagem de 10mg/kg.

Concomitantemente com a identificagdo de uma fémea canina prenha do animal confirmadamente
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infectado por C. burnetii, considerando que este agente pode ser transmitido pelo sémen, amostras
de sangue, swab vaginal e anal foram coletadas para prevencdo de um possivel aborto e
manutencao da bactéria no ambiente. Os resultados das amostras da fémea foram negativos e ela

teve a ninhada sem problemas.

5.6.2. Material de Apoio tanto Epidemiol6gico como de Informacao Epidemioldgica

Diante do contexto, foi elaborada uma ficha epidemiologica com o objetivo de auxiliar
na vigilancia realizada pelo profissional de salde ao seu paciente no municipio de Itaborai,
considerando o diagnoéstico diferencial da febre Q com outras doengas febris geralmente de maior
frequéncia como a dengue (ANEXO 3).

Em adicdo, foi elaborado também um folder para auxiliar na divulgagdo e educagdo
principalmente durante as visitas domiciliares e trabalho de campo. O material com informagdes
sucintas mais importantes para o conhecimento tanto da doenca como seu ciclo além das orientagdes
basicas de como se proteger foram disponibilizadas assim como os telefones de contato para
aconselhamento futuro, caso necessario (ANEXO 4).
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6. DISCUSSAO

Neste estudo pioneiro foi possivel obter informagdes de grande importancia tanto para a
salde publica quanto para a saude animal, considerando a complexidade do ciclo desta
zoonose cuja similaridade clinica com diversas doencas, em especial, influenza e dengue,
associada com o desconhecimento por parte dos profissionais de salde e da escassez de
insumos para o seu diagndéstico permitem classificar a febre Q como doenca negligenciada no
territorio brasileiro.

De uma forma geral, a pesquisa teve como objetivo identificar a presenca de febre Q e
coxielose, nas amostras humanas e nas amostras dos animais vertebrados e seus ectoparasitas
no municipio de Itaborai, onde o primeiro caso de febre Q confirmado, por métodos
moleculares, foi identificado no Brasil. Contando com a colaboragéo de profissionais para o
estudo taxonémico dos animais vertebrados e dos ectoparasitas, a presente pesquisa fornece
informacBes inéditas que serdo apresentadas por topicos, visando maior compreensdo do
leitor. Dados parciais, especialmente os relativos a vigilancia de febre Q em amostras de casos
suspeitos de dengue, também se encontram em artigo intitulado “Molecular identification of
Q fever in Patients with a Suspected Diagnosis of Dengue in Brazil in 2013-2014”
recentemente aceito para publicacdo, na revista American Journal Tropical Medicine

Hygiene.

6.1. FEBRE Q E O DIAGNOSTICO DIFERENCIAL COM DENGUE

Embora a infeccdo por C. burnetii em seres humanos seja geralmente assintomatica ou
possa se manifestar como uma doenca leve com recuperacdo espontanea, casos clinicos
semelhantes aos da gripe caracterizada por um inicio subito, febre alta, chegando a 40 °C,
cefaleia intensa, perda de peso, mialgia e tosse, além de hepatite, em alguns casos com
complicacdes graves e até morte podem ocorrer (Angelakis & Raoult, 2010). Além do quadro
infeccioso agudo podem ser observados também casos de infeccdo cronica com desfecho
fatal, especialmente em pacientes com meningoencefalite ou miocardite e, mais
frequentemente, em pacientes cronicamente infectados com endocardite. Pacientes com risco
de febre Q croénica incluem pessoas com anormalidades cardiovasculares e, em menor
frequéncia, em imunocomprometidos e gestantes (Maurin, Raoult, 1999; Arricau-Bouvery,
Rodolakis, 2005).

Este estudo teve como objetivo principal fazer vigilancia de casos febris agudos
causados por C. burnetii que pudessem estar sendo confundidos com dengue, considerando

ndo somente a ocorréncia de surto desta arbovirose durante o periodo de estudo, mas também
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a informacdo de que os animais da propriedade do caso index de febre Q tinham sido
vendidos e transferidos aleatoriamente para outras regiées do municipio de Itaborai.

No Brasil, aproximadamente 2 milhdes e 587,800 casos de dengue foram registrados em
2013 e em 2014, respectivamente. Uma das areas mais afetadas foi a do estado do Rio de
Janeiro, onde foram registrados mais de 220.000 casos de dengue durante este periodo,
resultante do virus da dengue (DENV 1) (Secretaria de Vigilancia em Saude — Ministério da
Saude - Brasil. 2014.).

No municipio de Itaborai, onde foi realizada a vigilancia, 5.881 e 376 casos de dengue
foram registrados em 2013 e 2014 respectivamente. O numero relativamente baixo de casos
de dengue registrados em 2014 explica 0 nimero pequeno de casos incluidos no ano de 2014.

Quanto a analise laboratorial, somente pacientes cujas amostras de sangue foram PCR-
positivas, tiveram diagnostico definitivo de febre Q devido a impossibilidade de se realizar o
diagnostico sorologico confirmatdrio baseado na seroconversdao com duas amostras coletadas,
uma na fase inicial e outra, na fase de convalescéncia (Angelakis & Raoult, 2010). Assim,
embora o teste soroldgico seja a abordagem mais frequentemente utilizada para confirmar
febre Q, como as andlises laboratoriais dos casos suspeitos de dengue rotineiramente ocorrem
nos primeiros cinco dias de doenca, ndo foi possivel obter uma segunda amostra de sangue
(Martins et al, 2014).

Neste contexto, considerando que o teste soroldégico como instrumento diagndstico da
febre Q ndo seria viavel, os pacientes atendidos no hospital foram submetidos a um inquérito
soroldgico visando a detec¢do de anticorpos anti-C. burnetii da classe 1gG. A analise
demonstrou que 26 (10%) dos pacientes foram reativos para C. burnetii. Estudos realizados
na Croacia com pacientes febris mostrou uma prevaléncia de 27,5% para C. burnetii (Vilibic-
Cavlek et al, 2012). Resultados similares foram encontrados na Franca, onde um total de
179.794 amostras de sangue de pacientes com suspeita de febre Q foram testadas, entre o
periodo de janeiro de 1985 a dezembro de 2009, e 39.472 (30%) apresentaram anticorpos
anti-C.burnetii em uma triagem com titulacdo de 100. No entanto, é preciso considerar que 0
diagndstico da forma aguda em 732 pacientes foi com base em uma titulagdo maior do que
200 (1gG antigeno fase I1) e na forma cronica, em 1675 pacientes, com titulo de anticorpos da
classe IgG anti-C. burnetii fase | maior que 800. Justifica-se este ponto de corte mais elevado
por ser a Franga um pais com areas sabidamente endémicas para febre Q (Frankel et al, 2011).

Estudos realizados nos EUA, Turquia, Tailandia, Espanha, Grecia mostraram
respectivamente 3,1%, 7,8%, 4,2%, 15,3%, 7,5% de prevaléncia na populacdo geral
(Anderson et al, 2009; Cetinkaya et al, 2000; Ko et al, 2000; Cardefiosa et al, 2006; Pape et

al., 2009). No Brasil, um estudo desenvolvido em individuos HIV-sororreativos, no municipio
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do Rio de Janeiro, os autores identificaram presenca de anticorpos anti-C. burnetii em 3,2% e
somente um participante do estudo revelava historia de contato com material de parto de
animais (Lamas et al., 2009).

Quanto aos resultados obtidos pela analise molecular, foi possivel confirmar nove
(3,3%) casos de febre Q. Embora com base na andlise soroldgica, resultados semelhantes
foram obtidos em estudos, conduzidos na Tanzania, onde 5% dos patientes hospitalizados
apresentaram anticorpos séricos contra C. burnetii (Prabhu et al., 2011). Na Georgia, num
estudo sobre diagnostico diferencial em casos febris, 2% dos casos foram confirmados
sorologicamente como febre Q (Kuchuloria et al, 2015). Poucos estudos de vigilancia febril
aguda de desenho prospectivo com base em anélise molecular tém sido realizados (Vincent et
al., 2015; Alonso et al., 2015). Recentemente, no Brasil, foi publicado uma série de casos de
endocardite hemocultura-negativa cuja analise molecular e imunohistoquimica confirmaram
quatro casos de febre Q (Siciliano et al 2015) reforcando a necessidade de inclusao da febre Q
no diagnostico diferencial de doencas infecciosas febris, ndo somente aguda como a dengue e
as pneumonias, mas também nas doencas subagudas e cronicas.

Dos 272 pacientes avaliados, 61,3% foram confirmados infectados com o virus da
dengue. A faixa etaria mais comum com a infec¢do foi a de 31-40 anos de idade. Febre, dor
de cabeca, prostracdo, petéquias e dor retro-orbital foram frequentemente observadas em
pacientes com infec¢do por dengue, consistente com estudos anteriores (Daumas et al, 2013;
Martins et al, 2014).

Sete dos nove pacientes com febre Q tiveram febre e cefaléia, manifestacbes mais
comuns tanto nos casos de dengue quanto nos da febre Q (Anderson et al, 2013). A mialgia
apareceu comum tanto nos casos de dengue, como de febre Q e de dengue negativos. Assim,
considerando que as manifestacbes clinicas destas doencas infecciosas possam ser
semelhantes, o diagndstico clinico preciso se torna dificil, sem a confirmacdo laboratorial,
especialmente durante a epidemia de dengue, fato que pode confundir muito o profissional de
salide que ndo conheca e ndo inclua a febre Q no diagnostico diferencial.

Evidéncia de coinfec¢do entre o virus da dengue e C. burnetii foi observado em apenas
um dos 272 pacientes. Este resultado é inédito, nunca descrito na literatura, embora exista
relato de infeccdo concomitante de microorganismos tipicos (Streptococcus e Entercoccus)
com C. burnetii em pacientes com endocardite infecciosa (Rovery et al, 2009), assim como
evidéncia soroldgica de co-infeccdo de C. burnetii com agentes transmitidos por carrapatos,
como Rickettsia conorii, Rickettsia slovaca e Francisella tularensis (Rolain et al, 2005). E
possivel que, durante epidemias de dengue, considerando o grande numero de pessoas

potencialmente expostas ao risco de infeccdo por C.burnetii, que esta coinfeccdo possa ser
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muito maior do que o esperado em especial em areas onde a presenca de C. burnetii ja tenha
sido confirmada.

Considerando as informagdes disponiveis na literatura, é pertinente considerar a
capacidade de dispersdo dos aerossois de C. burnetii que podem chegar a uma distancia de 2
km a partir do foco (Nusinovici et al., 2015), fato que reforca os resultados obtidos neste
estudo, no qual a maioria dos casos de febre Q ocorreu dentro de uma distancia entre 2 a 5 km
em relacdo a propriedade do caso index relatado em 2008 (Lemos et al., 2011).

Por fim, estes resultados ilustram também a grande dificuldade de abordagem de
pacientes em uma area endémcia de dengue ou de qualquer outra doenca infecciosa febril com
sinais e sintomas inespecificos e semelhanes aos da febre Q. Os nove pacientes foram
atendidos no hospital como dengue e, embora a ocorréncia de febre Q tenha sido previamente
alertada no municipio, os profissionais médicos ndo consideraram esta zoonose no
diagnostico diferencial, confirmando o conceito de febre Q como doenca negligenciada e
reforcando a necessidade de sensibilizacdo dos profissionais de salde sobre a sua ocorréncia

nao somente no estado do Rio de Janeiro, mas em todo territério brasileiro.

6.2. ESTUDO NAS AREAS DE OCORRENCIA DE CASOS DE FEBRE Q

Neste estudo foram analisadas amostras de soro de dois dos nove casos confirmados de
febre Q, dois anos depois, e o resultado foi compativel com a cinética de anticorpos observada
na febre Q aguda autolimitada, na auséncia de reexposicdo, considerando que a persisténcia
de anticorpos anti-C. burnetii, em elevados titulos, que pode ocorrer em 1 a 5% dos casos,
aponta para a possibilidade de febre Q cronica (Maurin e Raoult, 1999).

Segundo Fournier e colaboradores, em uma extensa revisdo sobre febre Q publicada em
1998, os maiores titulos de anticorpos anti-C. burnetii, utilizando o teste de
imunofluorescéncia, sdo detectados na quarta a oitava semana do inicio do quadro clinico na
febre Q aguda, com queda gradativa, na auséncia de reexposi¢cdo, no prazo de 12 meses
(Fournier et al 1998).

Embora néo tivessem discutido a presenca ou ndo de exposicdo frequente, Dupuis e
colaboradores acompanharam 191 pacientes com febre Q e observaram que, um ano apds o
inicio da doenca, os titulos variaram de 20 a 640 (Dupuis et al., 1985). E pertinente registrar
que o titulo de corte utilizado no presente estudo foi considerado a partir da diluicdo de 1:64 e
que os pacientes, dois anos depois do inicio da doenga, ndo apresentavam qualquer
manifestacdo clinica.

Os fatores que justiquem a falta ou a detec¢do continuada de anticorpos anti-C. burnetii

(titulo > 64) ainda ndo muito claros, mas a exposi¢do continuada e os fatores relacionados ao
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hospedeiro precisam ser considerados. Marmion e colaboradores sugerem que a persisténcia
de anticorpos poderia também ser decorrente da manutengdo de organismos na medula déssea
(Marmion et al., 2005).

Embora o enfoque tenha sido o risco de se desenvolver a forma crénica, um estudo com
pacientes com febre Q aguda com alto risco de desenvolvimento da forma crénica foi
realizado, durante o surto de febre Q na Holanda, e niveis de anticorpos foram identificados
por 4 anos, apos a infecgdo aguda. Possivelmente esta persisténcia de anticorpos séricos seja
decorrente de reexposicdo continuada (Jajou et al., 2014).

Em adicdo, considerando a andlise soroldgica utilizando a técnica ELISA, Waag e
colaboradores (1995) conseguiram detectar anticorpos especificos por mais de 5 anos apés o
episodio agudo. No entanto, € preciso considerar que, embora muitas técnicas soroldgicas
venham sendo utilizadas, a imunofluorescéncia indireta € o método de referéncia por sua
sensibilidade e especificidade. Em outra publicacdo, também na década de 1990, os autores
tentaram correlacionar a evolucdo da febre Q aguda com a razéo IgG/IgM, mas os resultados
foram imprecisos para serem considerados (Guigno et al, 1992).

Mais recentemente, Wielders e colaboradores (2012), em um estudo conduzido na
Holanda, identificaram casos de febre Q aguda cujos anticorpos IgG de fase | foram
produzidos apenas por um curto periodo de tempo e, portanto, ndo foram detectados nas 3, 6 €
12 meses de segmento. Em adicéo, neste mesmo estudo, em dois destes pacientes com febre
Q aguda PCR-comprovada, foi possivel identificar a auséncia de anticorpos 1gG de fase |
durante todo acompanhamento ambulatorial.

Neste cenario, considerando também que nenhum contactante apresentou evidéncia
sorologica de infeccdo por C. burnetii, fica clara a necessidade do desenvolvimento de
estudos de soroprevaléncia assim como pesquisas sobre a cinética de anticorpos dos casos
confirmados, com adequada interpretacdo devido a possibilidade de reexposicao.

Com relagdo a investigacdo de artropodes nas areas onde pacientes com febre Q foram
confirmados, foi possivel identificar outros focos de infeccdo no municipio. Os resultados
obtidos da analise dos 283 artropodes, coletados nas areas mais distantes do foco inicial,
permitem sugerir a existéncia de novos focos, ndo podendo, no entanto, descartar a
possibilidade da propagacéo do foco inicial para outras localidades, considerando que cabras
positivas da propriedade do caso index foram vendidas e transferidas para outras areas do
municipio. Infelizmente, apesar de todos os esforcos, tanto da equipe do Laboratorio de
Hantaviroses e Rickettsioses quanto da Secretaria Municipal de Salde de Itaborai, ndo foi
possivel rastrear e recuperar 0s animais assim como as areas para as quais estes animais foram

vendidos. E preciso registrar que cabras da raca Saanen (aptiddo leiteira), similares as que
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existiam na propriedade do caso index, circulavam livremente nas ruas da area 3. Como as
cabras infectadas, foram posteriormente vendidas, a hipétese de que novos focos tenham sido
estabelecidos a partir destes animais n&o pode ser descartada.

Ainda na area 3, a deteccdo de um cdo PCR-positivo e ndo reativo que, trés meses depois
soroconverteu, reforca a hipotese acima que associada com identificacdo de carrapatos PCR
positivos que tambem foram coletados no mesmo cdo, servem mais uma vez de alerta para o
papel destes ectoparasitas na manutencdo da infec¢éo nos animais.

N&o obstante a presenca de carrapatos infectados perpetuando o ciclo do agente, a
possibilidade de excrecdo de C. burnetii no ambiente, podendo contaminar seres humanos, é
outra possibilidade de manutencio bacteriana no ambiente que n4o deve ser desconsiderada. E
imprescindivel comentar que, embora carrapatos infectados com C. burnetii ja tenham sido
identificados em varios trabalhos no exterior (Kumsa et al, 2015; Cooper et al, 2013; Sprong
et al, 2012; Toledo et al, 2009), este o primeiro relato da presenca de C. burnetii em artropodes
no Brasil.

Na propriedade de um dos pacientes com febre Q, identificados em 2013, a partir da
identificacdo de carrapato positivo coletado em um cdo PCR positivo que soroconverteu, foi
instituida antibioticoterapia neste animal com doxiciclina na dosagem de 10mg/kg durante 15
dias. Diante da informacéo de que uma fémea estava prenhe do canino positivo e levando em
consideracdo também que C. burnetii pode ser transmitida pelo sémen, amostras de sangue,
além de swab anal e vaginal foram coletadas e os resultados dos testes ndo identificaram infeccéo

e 0 animal teve seus filhotes sem problemas.

6.3. POPULACAO DE ANIMAIS DOMESTICOS

Nesta etapa do estudo, realizada na propriedade do caso de febre Q confirmado em 2008
(Lemos et al 2011), foi possivel detectar o DNA de C. burnetii em animais domésticos,
confirmando uma das caracteristicas mais relevantes deste microorganismo, que € a sua
capacidade de persisténcia no meio ambiente com a manutencdo de sua capacidade infectante
(Maurin, Raoult, 1999; Angelakis & Raoult, 2010; Kersh et al, 2013). Neste estudo a
capacidade de persisténcia bacteriana no ambiente foi comprovada a partir da deteccdo do
genoma parcial da C. burnetii ndo somente nas ovelhas introduzidas no local, mas também em
um felino de companhia dos proprietarios.

Embora a infeccdo por C. burnetii ndo tenha sido identificada em nenhuma pulga
coletada dos felinos da propriedade do paciente, faz-se necessario verificar a participacdo de
outros invertebrados no complexo ciclo da vida desta bactéria, que utiliza diversas estratégias

de sobrevivéncia no meio externo. O agente da febre Q tem a capacidade de ser excretado no
63



leite, nas fezes, de se encontrar em grande concentracdo nas placentas ou em outros materiais
biolégicos e de se perpetuar no ambiente com a participacdo de diversas espécies de
vertebrados e de artropodes, especialmente, dos carrapatos (Angelakis & Raoult, 2010).

Com a resolucdo das autoridades de, finalmente, tornar a febre Q uma doenca de
notificacdo obrigatéria no Brasil desde 2014, os resultados obtidos neste estudo inédito
poderdo auxiliar a vigilancia do sistema de satde local e qui¢d no Brasil, onde escassas
informagdes sobre esta zoonose se encontram disponiveis. Com o recente desmatamento e
ocupacdo de vastas areas do municipio de Itaborai para a implantacdo do Complexo
Petroquimico da Petrobras associados com a migracdo de populacdo de diferentes regides do
Brasil, a necessidade de dar continuidade ao desenvolvimento desse estudo precisa ser
enfatizada.

6.4. POPULACAO DE ANIMAIS SILVESTRES

Diante da hipotese de que a infecgdo por C. burnetii estivesse sendo mantida no
ambiente com a participagdo também de animais silvestres, foi realizado um estudo no qual,
apesar do pequeno numero de animais analisados, os resultados obtidos demonstram que, pelo
menos até a data da coleta, ndo ha evidéncia de circulacdo do agente da febre Q em animais
silvestres na regiéo de estudo.

Existem poucos estudos sobre animais silvestres e infecgdo por C. burnetii, embora estes
animais tenham um papel importante como reservatorios para animais de producdo
(Angelakis & Raoult, 2010). Neste contexto, roedores silvestres de pequeno porte tém sido
considerados importantes reservatérios de C. burnetii, podendo estar implicados na
transmissdo de C. burnetii a animais, mas ndo ao homem (Raoult & Marrie, 1995, Angelakis
& Raoult, 2010).

Neste estudo, diante da auséncia de animais silvestres infectados com C. burnetii, em
associacdo com a informacdo de cées, ovelhas e cabras comprovadamente infectados, tanto
por técnica soroldgica quanto molecular, é possivel especular que a presenca da bactéria na
propriedade foi consequente a introducgdo do lote de cabras comprado pelo proprietario. A
partir desta observacgdo, considerando, assim, que a bactéria foi introduzida, faz-se necessario
obter mais informacBes para que se possa rastrear a procedéncia, visando ndo apenas as
medidas de prevencao no contexto da satde publica, mas também em relacéo a saude animal,
ja que, ndo raramente, casos de abortos repetidos em animais ruminantes sdo frequentemente
diagnosticados, apenas com base clinica, como brucelose. Apesar de todos os esforcos da

equipe, com apoio da secretaria municipal de satde de Itaborai, ndo foi possivel identificar o
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destino dos animais, pois no momento da investigacdo a febre Q ndo se encontrava na lista

das doencas de notificacdo compulsoria.

6.5. A IMPLANTACAO DA NESTED PCR

Por fim, alguns comentarios sdo apresentados sobre o processo de implantacdo da
Nested PCR, considerando que algumas amostras sé foram positivas e sequenciadas com esta
variante da PCR.

A PCR tem sido amplamente utilizada para o diagnéstico de doencas infecciosas,
incluindo as causadas por C. burnetti. Sabe-se que o hemi-Nested e o Nested PCR, que
utilizam iniciadores internos, aumentam a sensibilidade e conduz, pelo menos, a um aumento
de 10.000 vezes o numero de produto de PCR. Com a expectativa de se obter um teste
diagnostico mais robusto, reduzindo a possibilidade de resultado falso negativo, todas as
amostras foram testadas com iniciadores internos, independentemente do primeiro resultado
da PCR ter sido negativo. Estudos tém demonstrado que os resultados falsos negativos, depois
da primeira PCR, podem ocorrer devido a um nimero muito pequeno de cdpias presentes na
amostra (Watzinger et al., 2006; Klein, 2002). Assim, uma Nested PCR foi desenvolvida pela
equipe do LHR, utilizando novos primers internos, referentes aos primers Trans-PCR (Berri
et al., 2000, Willems et al.,1994; Houver et al., 1992), processo que aumentou a sensibilidade
em 10x gerando uma sequéncia parcial com excelente tamanho de 440bp.

Embora varias técnicas de PCR em tempo real sejam comprovadamente sensiveis para o
diagnostico imediato e esta técnica vem cada vez mais sendo utilizada (Angelakis & Raoult,
2010; Klee et al., 2006), este estudo teve como objetivo encontrar uma alternativa para PCR
convencional, visando a deteccdo de C. burnetii ndo somente em amostras de soro, conforme
proposta de Chen et al (2014), mas também em amostras de leite, swabs e tecidos. Desta
forma, diante dos resultados obtidos, considerando além do tamanho de 440bp, a
possibilidade de amplificar e sequenciar segmentos parciais que certamente ndo se alinham
com outros microorganismos, fez deste par de primers uma étima alternativa para o qPCR.
Em nossos experimentos, foi possivel a amplificacdo do genoma bacteriano em diferentes
amostras, procedentes de variados hospedeiros em diversos materiais bioldgicos.

Considerando que atualmente o padréo ouro para definigdo de caso confirmado de febre
Q é com base na soroconversao utilizando o teste de imunofluorescéncia, os resultados
obtidos neste estudo demonstram que a deteccdo de amostras positivas com a
consequentemente confirmacdo do diagndstico de febre Q deve ser utilizada a técnica de

PCR, com aumento da detec¢do com a Nested PCR.
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Por fim, considerando que 1S1111 néo seja considerada especifica para C. burnetii e que 0s
ensaios de deteccdo de febre Q com base apenas neste elemento pode conduzir a erros de
identificacdo com endosimbiontes Coxiella-like presentes em carrapatos (Duron, 2015), as
amostras destes artropodes que foram 1S1111 positivos também foram submetidas
subsequentemente a deteccéo de outro gene que codifica uma proteina da membrana externa de
27 kDa da bactéria, comprovando que os resultados, de forma inquestionavel, eram especificos
para C. burnetii.

6.6. ATIVIDADES REALIZADAS EM RESPOSTA AOS RESULTADOS OBTIDOS

A partir dos resultados sequencial e gradativamente obtidos, foram desenvolvidas
atividades que, ndo somente auxiliaram no desenvolvimento do presente trabalho, mas que
também contribuiram para a sensibilizacdo dos profissionais de salude e para a inclusdo da
febre Q como doenca de notificacdo no Brasil. Assim, além de palestras e orientagdes
presenciais, durante as atividades de campo, foram desenvolvidos materiais como uma ficha
epidemioldgica estruturada especificamente para febre Q (ANEXO 3), incluindo agravos
outros no contexto do diagndéstico diferencial e um folder explicativo (ANEXO 4) visando a
obtencdo de um conhecimento melhor sobre a doenca, possibilitando a divulgacdo sobre a

forma de manutencdo do agente no ambiente e as medidas de prevencéo.
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7. CONCLUSOES

7.1. A presenca de infeccdo por C. burnetti em pacientes com suspeita de dengue atendidos no
Hospital Municipal Desembargador Leal Junior refor¢ca a importancia de se levar em
consideracdo a existéncia de disseminacdo do agente na regido e da necessidade da incluséo

da febre Q no diagndstico diferencial de doencas febris agudas.

7.2. Com a implantacdo da Nested PCR, utilizando primers, especificamente desenhados pela
equipe do LHR a partir do primer utilizado nos protocolos previamente estabelecidos, foi

possivel identificar um maior nimero de casos de febre Q.

7.3. A andlise filogenética das sequéncias nucleotidicas parciais amplificadas a partir
diferentes amostras biolégicas demonstrou elevada similaridade entre si e com as sequéncias
depositadas no GenBank, confirmando que C. burnetii foi a responsavel por nove casos
inicialmente suspeitos de dengue e pelo abortamento dos animais domésticos na area de

estudo.

7.4. Os dados clinicos e epidemioldgicos dos casos confirmados de febre Q foram
semelhantes aos observados nos casos de dengue e aos sem etiologia definida, apontando para
a dificuldade diagndstica e para a necessidade de testes laboratoriais especificos com objetivo
de esclarecer os casos febris agudos, especialmente durante o periodo de surto de dengue,

guando casos sdo confirmados apenas com base clinica-epidemiologica.

7.5. A sororreatividade identificada nas amostras de soro de casos humanos suspeitos de
dengue internados no Hospital Municipal Desembargador Leal Junior sugerem a presenca de

C. burnetii no municipio e indicam a necessidade de mais estudos.

7.6. Embora o teste sorologico seja considerado a técnica mais frequentemente utilizada na
rotina, ndo foi um instrumento laboratorial adequado para o diagndstico precoce da febre Q e
que h& necessidade de mais estudos que possam dar informagdo sobre a prevaléncia de
anticorpos anti-C. burnetii na populagéo brasileira, visando, entre outros pontos, a verificagdo

do ponto de corte ideal.
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7.7. A presenca de ovelhas introduzidas no local e em trés dos felinos sororreativos confirma
a presenca de C. burnetii entre animais domésticos com a sua persisténcia no ambiente da

propriedade do caso index.

7.8. A identificacdo do genoma de C. burnetii, através da PCR em amostras de tecido do
Ubere de uma ovelha e em swab anal de um felino na propriedade do paciente comprova a

persisténcia bacteriana no ambiente.

7.9. A identificacdo de artropodes infectados em diferentes focos na regido, assim como de
animais domésticos comprovadamente infectados, demonstra a complexidade do ciclo e a
necessidade de maior atencdo por parte dos profissionais da saude publica e da satde animal

quanto a capacidade de identificacdo e de instituicdo de medidas de prevencao desta doenca.

7.10 E possivel que o nimero de casos de febre Q nesta casuistica possa ser maior devido a

inviabilidade do diagndstico soroldgico confirmatorio.

7.11. A partir dos resultados obtidos e de sua disponibilizacdo para os servi¢os de salde
municipal, estadual e federal, € possivel concluir também que, especialmente agora, que a
doenca passou a ser de notificacdo obrigatoria pelo Ministério da Salde, estes precisam ser
alertados quanto a possibildade de casos de febre Q equivocadamente diagnosticados como

dengue ou como outra doenca febril aguda no Brasil.
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8. PERSPECTIVAS

8.1 A partir das informacbes obtidas neste estudo, a perspectiva é que a vigilancia
epidemioldgica municipal e estadual, com o apoio do LHR, mantenham na vigilancia da febre
Q na regido, considerando o grande numero de pequenas propriedades com criacéo informal e

de carater familiar, de cabras de aptiddo leiteira na regido de estudo;

8.2. Revisar o artigo cientifico intitulado “Clinical and epidemiological use of Nested PCR
targeting the repetitive element 1S1111 associated with the transposase gene from Coxiella

burnetii* para que possa ser encaminhado para publicagdo no prazo de 60 dias;

8.3. Finalizar o artigo cientifico intitulado “Molecular and serological Coxiella burnetii
identification in animals from an area of Q fever occurrence in Brazil” em fase de elaboragdo

para que possa ser encaminhado para publicagéo no prazo de quatro meses;

8.4. Por fim, diante da impossibilidade de identificar o gendtipo do agente bacteriano neste
estudo, a proposta de implantar a técnica de analise genotipica através de MST (Multispacer
Sequence Typing) possibilitara, com a detec¢do de polimorfismos em vaérias regides do
genoma (Drancourt et al., 2004), a caracterizacdo dos isolados procedentes de diferentes
fontes (humana, vertebrado e invertebrado) permitindo ndo somente a comparagdo dos
resultado obtidos em laboratérios e regides diferentes, mas também a identificacdo de
diferentes cepas, assim como a sua associacdo com as diversas manifestacoes clinicas da febre

Q e os diferentes hospedeiros envolvidos na manutencdo do ciclo.
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FATOR DE IMPACTO REVISTA: 2.699
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Michelle dos Santos Ferreira, Renato De Gasperis Botticini, Ana Kely Carolina Terra,
Sandro Marraschi, Rosany Bochner, Elba R.S. Lemos.

RESUMO: A febre Q é uma importante causa de febre indiferenciada que raramente €
reconhecida ou registrada no Brasil. O objetivo deste estudo foi o de verificar a presenca
de Coxiella burnetii durante um surto de dengue no municipio de Itaborai, Rio de Janeiro,
onde esta bactéria tinha previamente infectado seres humanos e animais domesticos.
Amostras de sangue de pacientes clinicamente suspeitos de dengue foram testadas por
PCR para C. burnetii; o DNA foi detectado em nove (3,3%) de 272 pacientes. Um deles
estava coinfectado com o virus da dengue, que também foi detectado em outros 166
(61,3%) pacientes. A sequéncia de nucleotideos da amplificacdo por PCR e
sequenciamento de DNA dos elementos 1S1111 transposase no genoma de C. burnetii,
exibiu 99% de identidade com as sequéncias no GenBank. A deteccdo de C. burnetii em
pacientes com suspeita de dengue indica que a conscientizacdo e o conhecimento da febre
Q precisa ser reforcada e que esta bactéria estd presente no Brasil. Finalmente,
considerando que um resultado molecular negativo ndo exclui completamente o
diagnostico da febre Q e o ensaio soroldgico baseado em soroconversdao nao foi
disponivel, o nimero real da presenca desta zoonose —pode ser provavelmente muito
maior do que o relatado no presente estudo.
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Abstract.

Q fever is an important cause of undifferentiated fever that is rarely recognized or reported in Brazil.

The objective of this study was to look for the presence of Coxiella burnetii during a dengue fever outbreak in the
municipality of Itaborai, Rio de Janeiro, Brazil, where this bacterium had previously infected humans and domesticated
animals. Blood samples from clinically suspected dengue fever patients were tested by polymerase chain reaction
(PCR) for C. burnetii; the DNA was detected in nine (3.3%) of 272 patients. One was coinfected with dengue virus,
which was also detected in another 166 (61.3%) patients. The nucleotide sequence of PCR amplification and DNA
sequencing of the IS171] transposase elements in the genome of C. burnetii exhibited 99% identity with the sequence
in GenBank. The detection of C. burnetii in patients suspected of dengue fever indicates that awareness and knowledge
of O fever should be strengthened and that this bacterium is present in Brazil. Finally, because a negative molecular
result does not completely rule out the diagnosis of Q fever and the serological assay based on seroconversion was not
available, the actual number of this zoonosis is likely to be much higher than that reported in this study.

INTRODUCTION

Q fever is a zoonosis caused by Coxiella burnetii, a small
intracellular gram-negative bacterium that is naturally
maintained in many species: mammals, birds, and arthropods.

[A3] Transmitted to humans primarily by aerosol inhalation, the

bacterium causes a broad-spectrum clinical manifestation
including self-limiting flu-like acute forms, chronic conditions,
and, more rarely, endocarditis with negative blood cultures
and death™ Q fever is poorly known in most countries
of the world, with the exception of the European countries,
Australia, and the United States.*® Over 4,000 cases have
been identified in the Netherlands,ﬁ‘ and an increasing number
of cases have been identified in American military bases
in Afghanistan and Iraq.”® Coxiella burnetii is considered as
a tier 2 select agent and potential bioterrorism threat by
the US. Centers for Disease Control and Prevention and
has attracted much attention from the scientific community
since 2009

Although serological tests for C. burnefii infection have
been available in Brazil since 1953,”° it was not until 2008
that the bacterium was characterized molecularly from a
patient with fever, thrombocytopenia, and a history of contact
with goat abortion products in Rio de Janeiro, Brazil'''?
Since then, although sporadic cases have been confirmed">
including endocarditis, the most severe form of chronic dis-
ease,'® it was only in 2014 that Q fever become a notifiable
disease in Brazil. Acute Q fever is difficult to diagnose
because it shares similar manifestations with a large number
of infectious diseases, for example, fever, headache, myalgia,
and/or pneumonia. Q fever can be confused with influenza,
dengue, malaria, leptospirosis, and hantavirosis, among
other diseases.

*Address correspondence to Elba R. S. Lemos, Laboratorio de
Hantavivoses e Rickeitsioses, FIOCRUZ, Pavilhdo Hélio e Peggy
Pereira, sala B115, Avenida Brasil 4365, Manguinhos, 21040-900 Rio
de Janeiro, Brazil. E-mail: elemos@ioc fiocruz br

In Brazil, where dengue outbreaks are often identified (e.g.,
the dengue virus [DENV] 1-4 introduction in 1986, 1990,
2000, and 2011)," it is common for people exhibiting clinical
features compatible with dengue to skip Iaboratory confirma-
tion of the discase. This fact, combined with the lack of
awareness of Q fever, make this zoonosis an apparently non-
existent infectious disease. It has been proposed that Q fever
should be included in the list of differential diagnoses for flu-
like diseases in the Brazilian territory. In this study, we
looked for Q fever in suspected dengue patients in a public
hospital in Itaboraf, Rio de Janeiro, where the first molecu-
larly identified Brazilian case of Q fever was found in 2008.1

MATERIALS AND METHODS

Patient and sample collection. This hospital-based cross-
sectional study was conducted at the Desembargador Leal
Junior Hospital (DLIH) in the municipality of Itaborai
(22°44'51” S, 42°5121" W), Rio de Janeiro, where C.
burnetii infection was detected in human and domesticated
animals in 2008.1'*2 From March 2013 to October 2014, all
patients admitted to DLJH with a diagnosis of dengue infec-
tion and who lived in Itaborai or the surrounding areas were
considered for entry into the study. Clinical and epidemio-
logical data were systematically collected by the hospital’s
surveillance group using the national dengue surveillance
system (SINAN). Serum samples were tested in the labora-
tory of the DLIH for the presence of DENV nonstructural
protein 1 by enzyme-linked immunosorbent assay (Plateleia
Bio-Rad®) and dengue-specific IgM by capture assay
(Panbio®). A 1-ml aliquot of blood was sent to the Labora-
tory of Hantaviroses and Rickettsioses, Oswaldo Cruz Insti-
tute, FIOCRUZ, for evaluation of C. burnetii infection (see
section Determination of C. burnetii infection). This study
was approved by the Ethics Committee of the FIOCRUZ,
under number 552/10. Because these analyses were part of
routine surveillance activities in an area with outbreaks of
dengue and Q fever, patients were not required to provide
informed consent.

:
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Determination of C. burnetii infection. Blood samples
were stored at —20°C in the DLJH and transported to the
Laboratory of Hantaviroses and Rickettsioses for molecular
analysis. Blood samples were evaluated by polymerase chain
reaction (PCR) as previously described, using primers
targeting the ISI77] transposase elements in the genome of
C. burnetii (5'-TATGTATCCACCGTAGCCAGTC-3’ and
5'-CCCAACAACACCTCCTTATTC-3'), which produce an
amplification product of 687 bp.)*?! DNA was extracted
from 200 pL of the blood samples using the QIAamp DNA
Blood Mini Kit (Qiagen, Valencia, CA) in accordance with
the manufacturer’s instructions. Negative controls were
included in each extraction to check for possible DNA con-
tamination. Each 25-uL. PCR reaction was performed with
4 uL. DNA in nuclease-free water (Promega, Madison, WI)
containing 0.2 pM primers (IDT/Prodimol, Belo Horizonte,
Brazil), 200 pM deoxynucleotide triphosphates, 1.5 mM
MgCl,, and 0.1 U of Platinum Taq DNA polymerase
(Invitrogen, Carlsbad, CA). The procedure consisted of an
initial denaturation at 95°C for 5 minutes, then 40 consecu-
tive cycles of denaturation at 95°C for 30 seconds, annealing
at 60°C for 30 seconds, and extension at 72°C for 1 minute,
then a final extension at 72°C for 7 minutes.

The PCR reactions were subjected to agarose gel electro-
phoresis, and the appropriately sized fragments were purified
using the BigDye Terminator® X-Purification Kit (Applied
Biosystems, Foster City, CA). The fragments were sequenced
using the BigDye Terminator V3.1 Cycle Sequencing kit
(Applied Biosystems, Foster City, CA) on an ABI PRISM
3100 Nucleic Acid Sequence Analyzer (Applied Biosystems).
The obtained sequences were compared with the GenBank
C. burnetii IS1111 transposase elements sequences using the
BLAST® program.”

Data analysis. A % test was used to compare epidemiolog-
ical variables between dengue-positive and dengue-negative
cases. Fisher’s exact test was used in smaller samples. Statis-
tical analyses were performed using BioEstat 5.0°> and sig-
nificance was set at P < 0.05. Significance was not tested for
Q fever cases because of the small sample size.

RESULTS

PATIENTS AND SEROLOGICAL ANALYSIS.

In total, 272 patients were admitted to the DLJH with
suspected dengue infection during the study period: 246
patients in 2013 and 26 in 2014. A total of 150 (58%)
patients were women and 108 (425) were men, with a mean
age of 35.2 + 18.8 years and a range of 1 month to 88 years.
Dengue infection was confirmed by laboratory tests in 167
(61.3%) patients. Among the 258 patients with available clin-
ical manifestations, 156 (60.4%) were positive for dengue.

[MThe clinical and epidemiological data are shown in Table 1.

Sample positive PCR and sequencing. All 272 blood sam-
ples were analyzed for C. burnetii DNA by PCR. The appro-
priate 687-bp product was observed in nine samples, all from
patients admitted during 2013. The geographic distribution
of the Q fever cases in relation with index case confirmed in

[F112008 is displayed in Figure 1. Cases 1, 2, 6, 7, and 8 were

identified in peri-urban areas within 5 km of index area
where animals that excreted C. burnetii were also detected.'?

TaBLE 1
Comparison of the clinical and epidemiological data between dengue

positive and negative cases reported in the municipality Itaborai,
Rio de Janeiro (2013-2014), Brazil

Variable WS e e

Gender

Male 64 (41) 44 (33.1) 0.7368

Female 92 (58.9) 58 (56.8)
Age (years)

<10 5(3.2) 8 (7.8) 0.0239

11-20 33 (21.1) 30 (29.4)

21-30 25 (16) 21 (20.5)

31-40 36 (23) 9 (8.8)

41-50 24 (15.3) 12 (11.7)

> 51 33 (32.6) 20 (19.6)
Fever 152 (97.4; 89 (872)  0.0013
Headache 146 (935 82(80.3)  0.0012
Myalgia 134 (85.9) 81(794) 01717
Prostration 86 (55.1) 69 (67.6) 0.0447
Nausea/vomiting 98 (62.8) 55 (53.9) 0.1549
Retro-orbital pain 98 (62.8) 51(50.0)  0.0415
Arthralgia 60 (38.4) 43 (42.1) 0.5535
Diarrhea 51 (32.6) 28 (27.4) 0.3718
Petechiae 47 (30.1) 19 (186)  0.0384
Rash 36 (23.0) 14 (137)  0.0632
Hemorrhagic manifestations 2 (1.28) 1(0.9) 1.000
Respiratory disorders 1 (0.64) 1 (0.9} 1.000

* Statistically-significant / values are in bold.

The other four cases were located more than 10 km away
from the index case’s house, in farm areas. One of these nine
patients also had dengue infection, indicating that the patient
was coinfected with both pathogens. The C. burnetii DNA
fragment in the nine patients was 99% identical to the
sequence in GenBank (Table 2).

DISCUSSION

This article reports the findings of a Q fever surveillance
study conducted in an area endemic for dengue in Rio de
Janeiro, from March 2013 to October 2014. In Brazil,
approximately 2 million dengue cases were recorded in 2013
and 587,800 dengue cases were recorded in 2014. One of the
most affected areas was the state of Rio de Janeiro, where
more than 220,000 dengue cases were recorded during this
period, resulting from DENV-1 epidemic (Brazilian Ministry
of Health, 2015). In the municipality of Itaborai, where this
study was performed, 5881 and 376 dengue cases were
recorded in 2013 and 2014, respectively. The relatively low
number of dengue cases recorded in 2014 explains the rela-
tively small number of cases included in this study in 2014.

Of the 272 patients we evaluated with suspected dengue
fever, 61.3% were confirmed to be infected with DENV.
The most common age group with dengue infection was 31—
40 years. Fever, headache, prostration, petechiae, and retro-
orbital pain were frequently observed in patients with den-
gue infection, consistent with previous studies.*** Six of the
nine Q fever-positive patients had fever, headache, and
myalgia,?® which are the most common symptoms of dengue
(Table 1), The symptoms and differential diagnosis of these
infectious diseases are similar, making accurate clinical diag-
nosis difficult without laboratory confirmation, especially
during dengue outbreak.

Currently, serological testing is the most frequently used
approach to identify Q fever. The definitive serological
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FIGURE 1.

Spatial distribution of individuals with Q fever in Ttaboraf and the surrounding areas, state of Rio de Janeiro, Brazil. The black dot

represents the index Q fever cases (place of residence) and the gray dots represent the nine cases, which occurred during period of study.

diagnosis of Q fever is based on seroconversion, performed
with a blood sample collected in the early and convalescence
phases in febrile cases.! Because laboratory testing of
suspected dengue cases routinely occurs in the first 5 days of
illness, it was not possible during the study to obtain a sec-
ond blood sample.25 For this reason, and, less often, because
of an insufficient volume of the blood available, the Q fever
serological assay was not included in this study.

During the study period, five Q fever cases were identified
in peri-urban areas within 5 km of the index case’s house
whereas other cases were located more than 10 km away
from the index case’s house, in farm areas. Since the 1950s,

several studies have demonstrated that wind plays a role in
C. burnetii transmission.””° In this context, our results, in
combination with conclusions from these studies associated
with the presence of mfected ammals (sheep, dogs, and cats)
in the index case’s house,"'? indicate that wind can be an
epidemiologic factor in Q fever outbreaks occurring near
sheep-rearing areas.

We identified Q fever based on the presence of the bacte-
rium in the blood sample. The molecular analysis showed
C. burnetii DNA in samples from 3.3% of the suspected den-
gue cases. Evidence of coinfection between DENV and
C. burnetii was observed in only one of the 272 patients.

TabLe 2
Characteristics of the nine patients with Q fever, in Itaboraf and the surrounding areas, Rio de Janeiro, Brazil

Patient Age (years)/gender Date of specimen collection (month/year) Clinical manifestations* GenBank accession no.
Patient 1* 78/M April2013 FH,MPNVA KP645185
Patient 2 15/F Aprili2013 F, H,M,R, P, N/V KP645186
Patient 3 28/F May/2013 E H,M,R, D, NV KP645187
Patient 4 16/M May/2013 FH,M, P, PT KR091975
Patient 5 13/F September/2013 F, ROP, AP, A KP645188
Patient 6 8/M September/2013 E.R,P KP645189
Patient 7 67/M October/2013 F, H, M, P, N/V, ROP, A KP645190
Patient 8 62/F October/2013 E H,M, R, D, N/V, ROP, A KP645191
Patient 9 25/F November/2013 EH,MP NV, A KR091976

F = female; M = male.

*A = ia; AP = aby pain; D = diarrhea; F = fever: H = h 3 HM = hi hagi i i M = myalgia; NV = iting: P = p PT = hi

= rash; RD = i disord ROP = bital pain.

fPal!enl 1 contained pmenue of dengue virus nonstructural protein 1 by enzyme-linked immunosorbent assay (Plateleia BIORAD®) and dengue-specific IgM by capture assay (Panbio®),

indicating coinfection with dengue virus.
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Although we know of no reports of concomitant infection
with C. burnetii and DENV, there are reports of patients
with infectious endocarditis due to typical microorganisms
(Streptococcus and Enterococcus) and C. burnetii’® and sero-

logical evidence of coinfection with C. burnetii and tick-

[AUT1) borne agents such as Rickettsia conorii, Rickettsia slovaca,

and Francisella tularensis > Since these infections can present
overlapping clinical manifestations, Q fever should be
included in the differential diagnosis of acute febrile diseases
and infectious endocarditis in areas where Q fever cases
have previously occurred.

Our findings, together with other data published in the last
decade in Brazil--including the recent report of a Q fever

[AU1Z outbreak in the state of Sdo Paulo (Center for Strategic

Information and Health Surveillance of Sido Paulo state,
Brazil, 2015)—highlight the need to include this zoonosis in
febrile syndromic surveillance programs. This is especially
important in cases where patients have compatible epidemio-
logical history and have a risk factor for chronic Q fever,
such as a history of valvular surgery, vascular grafting, aneu-
rysm, kidney failure, immunosuppression, or advanced age.**

Acute Q fever is rarely recognized because it is asymptom-
atic or accompanied by mild clinical manifestations that do
not require hospitalization. Given that all patients included
in this study were admitted to the hospital and considering
that serological testing for Q fever was not performed
because of the lack of second blood sample and an insuffi-
cient volume of blood, the incidence of Q fever can be prob-
ably greater than the 3.3% observed here. Nevertheless, our
observation is similar to a finding in Tanzania where serum
antibodies against C. burnetii were detected in 5% of hospi-
talized patients.™ As this zoonosis was only recently (2014)
classified as a notifiable disease in Brazil, its inclusion in
febrile syndromic surveillance programs and a greater avail-
ability of diagnostic tests should lead to greater awareness
and knowledge about this disease.

CONCLUSION

Although Q fever is usually a self-limiting disease, a spe-
cific antimicrobial therapy for the prevention of chronic Q
fever should be used, mainly, for high-risk patients. Being
more often similar to other infectious or noninfectious dis-
eases, Q fever often goes unrecognized. This is especially
true during outbreaks of other diseases with clinical manifes-
tations similar to dengue, leptospirosis, and influenza, among
others. However, given the potential for chronic Q fever
development, greater attention should be given to this zoo-
nosis, whose etiologic agent has been frequently identified in
Brazil during the last decade. We conclude that Q fever is
present in Brazil but can be misdiagnosed with other infec-
tious diseases, especially dengue. We recommend that Q
fever be included in the list of differential diagnoses of
flu-like diseases, especially in patients with a compatible
epidemiological history and having a risk factor for chronic
Q fever.
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RESUMO: Ao longo dos ultimos anos, o nimero de casos de febre Q tem aumentado em todo
o mundo. Uma investigacdo epidemioldgica foi realizada na area em que foi feito o
primeiro relato molecular de febre Q no Brasil. Imunofluorescéncia indireta (IFI) e PCR
de Coxiella burnetii visando o gene htpAB foram realizados em amostras de 14 caes
(sangue); 1 gato (sangue); 10 cabras (sangue, leite, swab vaginal e swab anal); 3 ovelhas
(sangue); e 2 cavalos (sangue). Dois cées, duas ovelhas e cinco cabras apresentaram
sororreatividade. O DNA foi amplificado a partir de 6 amostras de leite de cabras e 2
amostras sangue de cées, respectivamente. A sequéncia dos produtos de amplificacéo
exibiu 99% de semelhanca com a sequéncia de C. burnetii RSA 331 (GenBank -
CP000890). Os resultados confirmam a infeccdo por C. burnetii em animais no Rio de
Janeiro e reforcam a necessidade de vigilancia da febre Q no Brasil.
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Molecular identification of the agent of Q fever -

Coxiella burnetii — in domestic animals in
State of Rio de Janeiro, Brazil

Maria Angélica Monteiro de Mello Mares-Guia'Yl, Tatiana Rozentall'l, Alexandro Guterres!',
Raphael Gomes!Y, Daniele Nunes de Almeida'”, Namir Santos Moreira™,
Jairo Dias Barreira, Alexsandra Rodrigues Favacho!l, Andrea Lopes Santanal®
and Elba Regina Sampaio de Lemos!!]

[1]. Labaorasirio d= Hantaviroses e Rickettsioses, Instituto Oswaldo Cruz, Fundacio Oswaldo Cruz, Ric de Janeire, RJ. [2]. Universidade Federal do Estado do
Rio de Janeito, Rio de Janeiro, RJ. [3]. Secretaria de Sande do Municipio de Itsborai, Iraborari, BT,

ABSTRACT

Introduction: Over the last recent years, the number of Q fever cases have has increased throughout the world. An epidemiclogical
mvestigation was performed in the area in which the first molecular documentation of Q fever in Brazil was previously reported.
Methods: Indirect immmunofivorescence assay (IFA) and PCR of Coxiella burnetii targeting the hipAB gene were

in samples from 14 dogs (blood); 1 cat (blood); 10 goats (blood, milk, vaginal swab and anal swab); 3 sheep (blood); and 2
horses (blood). Results: Two dogs, two sheep and five goats were seroreactive. DINA was amplified from 6 milk and 2 blood
samples from goats and from dogs, respectively. The sequence of the amplicons exhibited 99% sequence similarity with the
homologous sequence of the hipAB gene of C. burnetii RSA 331 (GenBank - CP000890). Conclusions: The results confirm
C burnefii infection in animals in Rio de Janeiro and reinforce the need for the surveillance of Q) fever in Brazil.

Keywords: Q fever. Coxiella burnefii. Domestic ammals. Molecular diagnosis. Brazil.

Q fever i1s a zoomosis caused by Coxiella burnetii, a
small obligate intracellular gram-negative bacterium of
the Legionellales order that has tropism for monocyte and
macrophage cells'. This zoonosis is transmitted to humans
through the inhalation of aeroscls from contaminated soil
and amimal excrement, primanly partunent fimds. Ingestion,
especially drinking raw milk, is also likely a minor factor in
the transmission of C. buwnetii. Although C. burnefii has been
isolated from arthropods, primarily ticks, the arthropod-borne
transmission of ( fever in humans is unlikely to be significant®.
In humans, the disease has a broad spectrum of clinical
manifestations, ranging from a limited febrile illness. pneumonia
and hepatitis to life-threatening forms such as endocarditis and
meningoencephalitis®.

The defimtive diagnosis of Q fever is based on serological,
molecular and isolation methods. Serological testing is the
most commonly used method, specifically using the indirect
immuncflucrescence assay (IFA). Acute and chronic infections
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are characterized by different serological profiles; antigen phase
II and phase I tests are used for the diagnosis of acute and chronic
Q fever, respectively’.

Q fever 13 widespread throughout in the world and cases
occur on all continents, with the exception of New Zealand®.
Although cattle, sheep and goats are considered to be the
primary reservoirs of C. burmetii, several species of wild and
domesticated vertebrates, including mammals. reptiles and
birds, have been associated with this zoonotic disease agent®.
Since the 1990s, several outbreaks of Q fever have been
described worldwide, especially in Europe, where more than
3,500 reported cases occurred in the Netherlands®. In Brazil,
although serological tests have been available for Q fever for
mote than five decades, the human disease is not a nationally
notifiable disease and its occurtence and geographic distribution
in the Brazilian territory are completely vnknovwn, with limited
information in the Southeast region**.

This paper reports an investigation into the source of
. burmetii infections in a rural area in the Itaboral mumcipality,
State of Fio de Janeiro, whete the first human case of Q fever
in Brazil was confirmed by molecular analysis. In 2008, the
patient. after contact with the barth and abortion products
of dogs and goats, presented fever with a duration of =40
days that was asscciated with abdominal pain, headache,
nausea, fatigne, malaise and depression. Although the results
of the physical examination were unremarkable, except for
abdominal pain on palpation, the laboratory investigation
revealed a high erythrocyte sedimentation rate, leukocytosis
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and thrombocytosis, which were associated with significantly
higher titers of antibodies to the phase II C. burnetii antigen
(titers of 1024). Samples from the patient were PCR positive
for C. burnetii DINA®.

Ethical approval: Not required. Although Q fever 1s not a
notifiable disease in Brazil, after confirmation that a patient
was infected by C. burnetii, all the procedures involving
animals were performed in the context of the epidemuclogical
surveillance of rickettsiosis in Brazil The National Reference
Laboratory for Rickettsiosis is part of the Laboratory for
Hantavirosis and Rickettsiosis.

The study was conducted in December 2008 and March
2009 in the City of Itaborai (22°44'51" S and 42°51'21" W),
Eio de Janeiro State of Brazil Biological samples from
domestic animals were collected in two areas. In area 1, at
the patient’s propetty. blood samples were collected from
14 dogs and 3 sheep in 2008. In area 2, at the property to which
the goats were subsequently transferred, blood samples from
1 dog, 1 cat, 2 horses and 10 goats as well as milk and vaginal
and anal swab samples from goats and fecal samples from
the environment were collected in 2009. The serum samples
were evaluated for anti-C. burneatii antibodies, phases I and IT,
using a commercial [FA for the detection of [gG (SCIMEDX™,
Deanville, New Jersey, USA) with a cut-off titer of 64. Blood,
milk. vaginal and anal swabs and fecal specimens were
evaluated by PCR. assay as previously described, using primers
targeting the repetitive transposon-like region of C. burnefii -
Trans1 (5’ TATGTATCCACCGTA GCCAGTC-3") and Trans2
(- COCAACAACACCTCCTTATTC-3") - and producing an
expected amplification product of 687 bp™'. DM A was extracted
from blood samples from all animals by a QLAamp DNA Blood
Mini Kit (QIAGEN, Valencia, CA, USA) in accordance with
the manufacturer’s instructions. DNA from analvaginal swabs,
after extensive washing in PBS and from oulk was extracted
psing ATL (QIAmp Blood DNA kit, Cragen™) and protemase K
Each sample (200 pL) was mixed directly with the ATL and
proteinase K and incubated at 36°C overnight, followed by an
incubation step for 10min at 70°C". Fecal samples (2g) were
mixed with 10ml of PBS and 1ml of chloroform in a 15mi falcon
tube with autoclaved beads at the bottom. This mixture was
wvortexed for 30 nun and then centrifoged at 3,390g for 25min.
The supernatant (200uL) was treated with proteinase K and ATL
buffer for 30min at 70°C, followed by the treatment with AL
buffer for 10min at T0°C. The extraction process was continued
with a QIAmp DNA blood kit (Qiagen™) following the
manufacturer’s instructions. Negative controls were included
in each extraction to check for pessible DNA contamination.

The PCE. reaction was performed on 4pl of DNA from each
prepared sample in a total volume of 25p1. The final reaction
mixture contained Gpmeol of each primer (IDT/Prodimol,
Belo Horizonte, MG, Brazil), 200uM of dNTPs (20mM of
each decxynucleoside triphosphate), 1.5mM MgCL, 0.1U of
Platinum Tag DNA polymerase (Invitrogen, Carlsbad, CA,
USA) and nuclease-free water (Promega, Madison, WI, USA).
The amplification consisted of an initial denaturation at 93°C
for Smin, followed by 40 consecutive cycles of denaturation
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at 95°C for 30s. annealing at 60°C for 305 and extension at 72°C
for 1min and a final extension at 72°C for Tmin.

The PCE products were rmun on an agarose gel to detect
amplification of the target product and then purified using Kit
BigDye Terminator® X-Purification (Applied Biosystems,
Foster City, CA, USA). The sequencing reactions were
performed using a BigDye® Terminator V3.1 Cycle Sequencing
kit (Applied Biosystems, Foster City, CA, USA) on an ABI
PRISM 3100 Nucleic Acid Sequence Analyzer (Applied
Biosystems). Partial sequences were compared with the hipAB
gene from C. burnefii sequences available in the GenBank
database using the BLAST® program™.

Inarea 1, two (15.3%) of the thirteen dogs and two (66.6%)
of the three sheep had anti-C. burnefii IgG phase IT antibodies
with a titer of 64. In area 2, cnly the serum samples from five
goats (30%) were reactive (with titers of 64 and 128).

Products of the expected size for the repetitive transposon-
like region of C. burmetii (687bp) were obtained from blood
samples collected from two seronegative dops in area 1 and
from stz mulk samples and one anal swab from goats m area
2. Two of these six goats were PCE positive but seronegative.
The molecular analyses of the fecal samples were negative for
. burnetii. Table 1 presents the serclogical and molecular data
from the samples.

The eight nucleotide sequence analyses of the amplicons
obtained from the milk and blood samples were compared
with other sequences of C. burnetii available in the GenBank
database and exhibited between 98% and 100% identity with the
seguence of the hipAB gene of C burnefii ESA 331 (GenBank
accession number CPO00890). All sequences obtained in this
study were submitted to the NCEI GenBank database, and the
accession numbers are shown in Table 1.

This report is the first describing a partial sequence of the
C. burnetii hipAB gene in domestic animals in Brazil. The DNA
sequence of the repetitive transposon-like region generated in
this study confirms that C. burnefii is circulating in goats and
dogs in the rural area of Itaborai, State of Rio de Janeiro.

The identification of two PCE-positive dogs and two
IFA-positive sheep in area 1. after the occurrence of the first
confirmed human case of Q) fever and the identification of anti-
C. bwmetii antibodies in the family members of the patients
and dogs from the patient's property in 2008, demonstrated the
persistence of this bacterinm in the environment and indicated
the risk of further cases of Q) fever in this region®.

The study performed in area 2, where the goats were
transferred months after the occurrence of the Q) fever caze,
identified the infectious agent in the milk and anal swabs
from the goats. Because of its stability in the environment and
the potential for aerosol dispersion, these results indicated
the possibility of an increase in geat-associated C. burnetii
infections in humans and animals in the City of Itaborai
and its swroundings. Furthermore, as demonstrated by the
large outbreaks of Q fever in humans that have been recently
described in Europe, where sheep and goats are considered to
be the major sources of human exposure to O hummetif, the
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TABLE 1 - Serclogical and molecular analysis of Cordella burnefii in samples from domesticated amimals in State of Rio de Janeiro, Brazil.

Area Animal IFA (titers) PCE GenBank accession mumber (%o
Areal deg 1 unreactive negative -
dog 2 unreactive negative -
dog 3 mreactive negative -
dogd unreactive negative -
dog 3 unreactive negative -
dog 6 mreactive negative -
deg 7 unreactive negative -
dog & reactive (64) negative -
dog @ mreactive negative -
dog 10 mreactive positived JNS66200 (98% identity)
dog 11 unreactive negative
dog 12 mreactive pozitrvel JNDG6901 (99% identity)
dog 13 reactive (54) negative -
shesp 1 reactive (64) negative -
sheep 2 unreactive negative -
sheep 3 reactive (54) negative -
Area 2 dogl unreactive negative -
cat unreactive negative -
horse 1 mreactive negative -
horse 2 unreactive negative -
goat 1 reactive (64) positive® TNO66899 (100% identity)
goat 2 mreactive positived JEO68205 (100% identity)
goat 3 reactive (64) positive® JFOT2642 (100% identity)
goat 4 reactive (128) negative -
goat 5 reactive (64) positivet JEOT2643 (100% identity)
goat & mreactive positive’ JEOT2644 (100% identity)
goat 7 reactive (64) positive® TNET2645 (100% identity)
goat 8 unreactive negative -
goat 9 unreactive negative -
goat 10 unreactive negative -

3(%5) maximur stmilarity with the sequence of the hpAB gene of Coxdella burnetii BSA 331; Pserum samples; “milk sample; dmilk sample
that was sequenced and anal swab. PCE: polymerase chain reaction; IFA: immmoflnerescence assay.

possibility exists that goats were, in fact, the source of the

C. burnetii infection in the Itaborai municipality. ACKNOWLEDGMENTS
Finally, because Q) fever is not a notifiable disease and many
human cases could have been misdiagnosed as some other The authors are very grateful to the Itaborai municipality,

infection, the public health impact of C. burnetii infection will  to the Secretary of the Health of Rio de Janeiro state and to the
be not understood until snitable epidemmiologic surveillance is  owners of the areas where the fieldwork: was performed for their
effectively employed in Brazil. kind cooperation and assistance during the study.
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ARTIGO 10.3: Febre Q: uma zoonose esquecida.
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RESUMO: A zoonose causada por Coxiella burnetii é amplamente distribuida no mundo e
pode ocorrer como surtos ou casos isolados. O amplo espectro de suas manifestagoes
clinicas que podem ir de uma doenca febril limitada até uma pneumonia ou endocardite
faz do diagnostico clinico desta doenca um grande desafio
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A zoonose causada por Coxiella burnetii € amplamente distribuida no mundo e pode ocorrer

EPIDEMIOLOGIA

FEBRE Q:
UMA ZOONOSE
ESQUECIDA

como surtos ou casos isolados. O amplo espectro de suas manifestacoes clinicas que podem
ir de uma doencga febril limitada até uma pneumonia ou endocardite faz do diagnéstico

clinico desta doen¢a um grande desafio

febre Q é uma zoonose amplamente distribui-

da e, no Brasil, foi descrita pela primeira vez
por Brandao, em 1953. Recebeu atengao internacional
na Gltima década, principalmente a partir de 2007,
quando mais de 4.000 casos humanos foram confir-
mados na Holanda e outros surtos foram identificados
em diversas regides do mundo. Ademais, € uma zoo-
nose cosmopolita, descrita pela primeira vez em tra-
balhadores de abatedouro em Queensland, Australia,
cujo nome faz referéncia ao termo query (febre query).
E considerada importante problema de satide publi-
ca na Europa, especialmente na Holanda e Franca, na
Australia e, mais recentemente, no continente norte-a-
mericano — onde cerca de 3% da popula¢ao adulta é
sororreativa —, devido ao crescente nimero de casos
notificados (GEORGIEV et al,, 2013).

Com varios surtos epidémicos e relatos de casos em
diversas regioes do mundo, tem sido identificada como
doenca ocupacional, associada com ruminantes, embora,
mais recentemente, venha sendo observado o aumento
de casos em area urbang, sendo a transmissao relaciona-
da com animais de companhia, como gatos e caes (FOUR-
NIER etal, 1998).

ETIOLOGIA

A Coxiella burnetii € uma pequena bactéria intra-
celular obrigatéria, gram-negativa e pleomorfica. A
analise indica que a plasticidade e a reducao de seu
genoma ainda est3ao em curso, sugerindo que pode ter
uma transicdo relativamente recente em seu ciclo de
vida atual (SESHADRI et al., 2003).

Classificada como agente de bioterrorismo de cate-
goria B pelos Centros de Controle e Preven¢do de Doen-
¢as, embora ndo cause elevada mortalidade, se utilizada
como arma biolégica, em forma de aerossol, tem a capa-
cidade de se dispersar numa linha de 2 km e provocar
doenca incapacitante aguda (MADARIAGA, 2003).

Na natureza, foram identificados dois ciclos distin-
tos que possibilitam a perpetuacao da infec¢do: o ciclo
urbano/rural, com a participacao dos animais domésti-
cos, e um segundo, caracteristicamente silvestre, com
a participagdo de marsupiais, roedores, lagomorfos,
entre outros, além de alguns ectoparasitas, principal-
mente carrapatos. Apesar de ndo terem importancia
na transmissao para o homem, carrapatos podem de-
sempenhar um papel significativo na transmissdo de
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~ Figura 1. Inter-relagdo dos ciclos de perpetuagdo da infec¢do na natureza entre animais domésticos e silvestres.

C. burnetii entre os vertebrados (Figura 1). Assim, além
dos ruminantes, animais de estimacdo, incluindo gatos,
coelhos e cdes, tém sido identificados como fontes de

surtos urbanos (ANGELAKIS; RAOULT, 2010).

PATOGENIA

A via de inoculacdo em humanos pode determi-
nar, em parte, a3 manifestacdo clinica predominante. A
pneumonia é a forma mais frequente quando a fonte de
transmissao ocorre por aeross6is contaminados. A he-
patite granulomatosa passa a ser a manifestac¢ao clinica
predominante quando a transmissao ocorre por ingestao
de leite cru. No homem, a gravidade da febre Q aguda
também tem sido associada com a dose do in6culo in-
fectante. Finalmente, fatores do hospedeiro, em especial
o estado imunolégico do paciente, decorrente de um es-
tado de imunodepressdao ou mesmo gravidez, podem in-
fluenciar o curso da infec¢do, incluindo a evolugdo para
doenca crénica (MAURIN; RAOULT, 1999).

O aerossol é o principal modo de transmissao para o
homem e pode ocorrer diretamente a partir de fluidos
provenientes da parturicao de animais infectados, con-
taminando animais recém-nascidos, placenta ou 3. A
C. burnetii € muito resistente a destruicao na natureza,
dispersando-se pelo vento e sobrevivendo durante va-

54 Revista CFMV Brasilia DF Ano XXI n® 66 Julho a Setembro 2015

rias semanas em areas onde 0s animais estiveram
presentes (MAURIN; RAOULT, 1999). Ingestdo, em
especial de leite cru, é o fator menos provavel na
transmissao e, até a presente data, ainda é um
ponto de controvérsia, assim como a transmissao
de pessoa para pessoa, que é um evento extrema-
mente raro (MAURIN; RAOULT, 1999).

Apesar de a C. burnetii ter sido isolada de artré-
podes, principalmente carrapatos, é improvavel
que a transmissao para humanos seja significati-
va, embora cdes possam ser infectados por pica-
da de carrapato. Salienta-se que os vetores bio-
légicos desempenham um papel significativo na
transmissdo entre os vertebrados silvestres, em
particular os roedores, lagomorfos e aves selva-
gens (ANGELAKIS; RAOULT, 2010). A transmissao
sexual foi demonstrada em camundongos infec-

tados (MAURIN; RAOULT, 1999).

INFECCAO EM HUMANOS

A infeccdo por C. burnetii pode se apresentar
com manifestacodes clinicas agudas ou crénicas. No
entanto, quase 60% dos casos sao assintomaticos.
A maioria dos pacientes sintomaticos experimen-
ta uma doenca leve, sem a necessidade de hos-
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pitalizacdo. Considerando o amplo e inespecifico
espectro clinico, a doenga deve ser sistematica-
mente considerada em pacientes febris com con-
tato recente com animais parturientes (MAURIN;
RAOULT, 1999).

FEBRE Q AGUDA

Ap6s um periodo de incubagao de duas a trés
semanas, dependendo do indculo de C. burnetii, o
paciente desenvolve um quadro infeccioso agu-
do caracterizado por febre alts, cansaco, calafrios
e cefaleia. Pneumonia atipica é frequente, va-
riando de pneumonia clinicamente assintomatica
até insuficiéncia respiratoria aguda. A hepatite é
outra apresentagao frequente, com hepatomega-
lia clinicamente detectavel, mas a ictericia é rara
(MAURIN; RAOULT, 1999).

Ainfeccdo por C burnetii pode determinar en-
docardite, osteomielite, febre Q na infancia, ma-
nifestacoes neuroldgicas, exantema, febre de ori-
gem obscura, trombocitopenia ou trombocitose
reativa (ANGELAKIS; RAOULT, 2010).

FEBRE Q CRONICA

O diagndstico de febre Q cronica pode ser es-
tabelecido a partir da persisténcia da manifestacao
clinica por mais de seis meses. Ocorre em aproxi-
madamente 5% dos pacientes infectados e pode-
se desenvolver insidiosamente meses a anos apos
a doenca aguda (FOURNIER et al,, 1998).

Endocardite, infeccdes vasculares e osteoar-
ticulares, hepatite cronica, infec¢des pulmonares
cronicas, sindrome da fadiga cronica, cronicida-
de favorecida pela gravidez e prematuridade, e
aborto s3o algumas das apresentacdes clinicas
resultantes da infeccdo cronica (ANGELAKIS;
RAOULT, 2010).

INFECCAO EM ANIMAIS - “COXIELOSE"

Em contraste com a febre Q aguda humana,
a infeccao animal é, na maioria dos casos, assin-
tomatica, tornando o termo "coxielose” uma de-
signagdo mais apropriada. Nos animais, durante a
fase aguda, a C. burnetii pode ser encontrada no
sangue, pulmoes, baco e figado, enquanto, duran-
te a fase crdnica, ha sua libera¢do persistente nas
fezes e urina (ANGELAKIS; RAOULT, 2010).

Além de acometerem muitas espécies ani-
mais, incluindo mamiferos, aves e artrépodes, as

infeccdes por C. burnetii sao geralmente assintomaticas,
embora nos mamiferos a infeccao possa causar abortos
e natimortalidade. Os sinais clinicos mais frequentes da
infeccdo podem ser consequentes a pneumonia, aborto,
parto de cordeiros e filhotes debilitados. Na maioria dos
casos, o aborto ocorre no final da gestagao, sem sinais
clinicos especificos. Fetos abortados parecem normais,
mas placentas infectadas apresentam-se alteradas. A
taxa de aborto pode variar de 3% a 80%, embora altas
taxas sejam raramente observadas, exceto em alguns re-
banhos caprinos. Muitas vezes, o nimero de fémeas que
abortam no rebanho pode n3o ser suficiente para alertar
o fazendeiro, sendo os casos clinicos humanos que pos-
sibilitam identificar a infeccdo do rebanho (ANGELAKIS;
RAQULT, 2010).

Em bovinos, metrite é frequentemente a Unica mani-
festacdo da doenca. Mamiferos infectados (ruminantes,
gatos, cdes, coelhos, pequenos roedores silvestres etc.)
liberam C. burnetii em produtos provenientes do parto,
mas também no leite, urina e fezes (ARRICAU-BOUVERY;
RODOLAKIS, 2005).

DIAGNOSTICO LABORATORIAL
Diagnéstico sorolégico

Uma vez que o diagnéstico clinico é dificil, devido
3 similaridade com uma série de doengas infecciosas
ou ndo infecciosas, na maioria dos casos o diagnostico
de febre Q é confirmado a partir dos testes sorolégicos.
Uma variedade de técnicas estd disponivel, mas o teste
de microimunofluorescéncia indireta tornou-se referén-
cia (ANGELAKIS; RAOULT, 2010) (Figura 2).

Laboratério de Hantaviroses e Rickettsioses/Instituto Oswaldo Cruz/ FIOCRUZ.

» Figura 2 Resultado de teste de microimunofluorescéncia indireta para C.
burnetii. 20x.
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~ Coleta de pulgas em gato

Outros métodos incluem imunofluorescéncia indi-
reta (IFA), microaglutinacdo, fixagdo de complemento,
radioimunoensaio, teste de hemolise indireta, Enzy-
me-Linked Immunosorbent Assay (ELISA), Enzyme-Linked
Immuno Fluorescent Assay (ELIFA), dot imunoblotting e
Western blotting. Apenas fixacdo de complemento e IFA
estdo disponiveis comercialmente (MAURIN; RAOULT,
1999; FOURNIER et al, 1998).

Diagnéstico molecular

A reacdo em cadeia da polimerase (PCR) tem sido
usada com sucesso para detectar DNA de C. burnetii
em culturas de células e amostras clinicas (ANGELAKIS;
RAOULT, 2010).

Isolamento bacteriano

A viruléncia de C. burnetii é alta, razdo pela qual
apenas laboratérios com biosseguranca de nivel 3 e
profissional experiente estdo autorizados a manipular
amostras clinicas na tentativa de isolamento e cultivo do
microrganismo (ANGELAKIS; RAOULT, 2010).

Histopatologia associada com imuno-histoquimica

A detecgdo de C. burnetii em tecidos é especialmen-
te informativa em pacientes que estdo em tratamento
para febre Q crénica. A imunodeteccdo é realizada usan-
do técnicas de imunoperoxidase ou imunofluorescén-
cia com anticorpos mono ou policlonais (ANGELAKIS;

RAOULT, 2010; MAURIN; RAOULT, 1999).
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TRATAMENTO DE ANIMAIS

O uso de tetraciclina na alimenta¢ao duran-
te a gravidez ndo pode ser recomendado como
medida de controle em nivel de rebanho, devido
a baixa biodisponibilidade do férmaco com a ad-
ministragdo oral.

O uso de antibiéticos, na auséncia de abor-
tos em curso, ndo se justifica. O tratamento in-
dividual dos animais (duas injecoes de oxitetra-
cicling, 20 mg/kg, com 20 dias de intervalo), no
final da gestagao, para prevenir eventos adversos,
pode ser Util, embora os dados sejam escassos e
inconclusivos. Mesmo que se possam evitar abor-
tos, o tratamento parenteral ndo parece diminuir
a disseminac¢ao do organismo em fluidos ao nas-
cimento ou mudar o status sorolégico (NASPHV;
NASAHO, 2013).

PROFILAXIA E MEDIDAS DE PREVENCAO

Cuidado especial deve ser tomado quando se
introduz um novo animal em rebanho livre de fe-
bre Q. Simplesmente garantir que o novo animal
ndo estd infectado nao é suficiente, pois a doen-
¢a é transmitida principalmente pelo ar. Durante
surtos, a contaminagdo de animais e do meio am-
biente pode ser evitada ou reduzida pela destrui-
¢do de placentas e fetos, evitando sua ingestao
por carnivoros domésticos ou selvagens que po-
dem disseminar a bactéria no ambiente. Se pos-
sivel, os nascimentos devem ser confinados a um
local especifico, que serd desinfetado sem indu-
zir aeross6is (RODOLAKIS, 2009) (Figura 3).

Como em todas as doengas zoonédticas, o
controle da doenga em animais influencia o ni-
vel da doenga observada no homem. Estratégias
apropriadas de controle de carrapato e boas pra-
ticas de higiene podem diminuir a contaminagao
ambiental. Fluidos e membranas fetais infecta-
dos, fetos abortados e camas contaminadas de-

Quadro 4 - Inativagdo de C. burnetii em relagdo a varios agentes fisico-quimicos.

AGENTE

Fonte: Adaptado de Madariaga (2003).
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INATIVAGAO

96



 Figura 3. Equipamento de protecao individual com filtro HEPA
para ser usado durante coleta de amostras contaminadas por C.
burnetii em lugares fechados.

vem ser incinerados ou enterrados (Quadro 1).
Além disso, o estrume deve ser tratado com cal
ou cianeto de cdlcio 0,4% antes de ser espalhado
sobre 0s campos, 0 que deve ser feito na auséncia
de vento, para evitar a propagacao do microrga-
nismo a longas distancias. Os animais infectados
devem ser retirados do rebanho ou colocados em
confinamento. Trabalhadores da industria animal
devem ser informados sobre os fatores de risco
e os laboratérios devem ser dotados de disposi-
tivos de seguranca adequados e equipamentos
(ANGELAKIS; RAOULT, 2010).

Ambientes com vazamentos de material po-
tencialmente infeccioso devem ser descontami-
nados pelo uso de hipoclorito 0,5%, perdxido
5% ou solugdes a base de fenol. Residuos com
risco biolégico devem ser descontaminados por
autoclavagem e os equipamentos/instrumentos
contaminados, por desinfetantes, autoclavagem
ou fervura (durante dez minutos). A forma esporo
-like de C. burnetii pode, no entanto, ser resistente
3 desinfec¢do normal, ao hipoclorito de sédio, a
radiacdo ultravioleta, assim como ao calor, desse-
cacao, pressao e estresses oxidativo e osmotico
(MADARIAGA, 2003).

A pasteuriza¢do a 72 °C durante 15 segundos
e 3 esteriliza¢do do leite de rebanhos infectados
sdo recomendadas, mesmo que a via oral ndo seja
a principal via de transmissdo (ARRICAU-BOU-
VERY e RODOLAKIS, 2005).

Buhariwalla et al. (1996) chamaram atencdo
para casos de febre Q transmitidos por gatos e
cdes domésticos e para a importancia da infeccdo

humana associada com material de aborto ou parto des-
ses animais de companhia.

Trés tipos de vacina tém sido propostos para a prote-
¢do humana: (i) vacina de C burnetii viva atenuada, pro-
duzida e testada na Russia, mas posteriormente abando-
nada devido & preocupacdo com segurangg; (ii) vacina de
residuo extraido em cloroférmio-metanol ou outras va-
cinas extraidas (testadas em animais, mas ndo em seres
humanos); (iii) vacina inativada por formalina de célula
inteira (Q-Vax), considerada aceitavel e segura para ser
utilizada em seres humanos (ANGELAKIS; RAOULT, 2010).
A Q-Vax tem sido utilizada na Austrélia e estudos reali-
zados de 1981 a 1989, em 4.000 individuos, concluiram
que fornece prote¢do completa e duradoura, evitando
casos graves. Provoca apenas reagdes menores, incluin-
do edema e hiperemia no local de inoculacdo (MADA-
RIAGA, 2003), mas até o momento ndo esta disponivel
no Brasil. @
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ARTIGO 10.4: Clinical and epidemiological use of Nested PCR targeting the repetitive
element IS1111 associated with the transposase gene from Coxiella burnetii.

SITUACAO DO MANUSCRITO: Artigo preparado para submissdo para a revista Journal of
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FATOR DE IMPACTO REVISTA: 2.096

REFERENCIA: Maria Angélica Monteiro de Mello Mares-Guia, Tatiana Rozental, Alexandro
Guterres, Michelle dos Santos Ferreira, Elba Regina Sampaio de Lemos

RESUMO: Febre Q é uma zoonose mundial causada por Coxiella burnetii, uma pequena
bactéria gram-negativa intracelular obrigatoria encontrada numa variedade de animais. E
transmitida ao ser humano por inalacdo de aerossois contaminados de urina, fezes, leite,
liqguido amniético, placenta, produtos de aborto, 1& e raramente pela ingestdo de leite cru
de animais infectados. O diagnostico definitivo da febre Q é baseado principalmente na
sorologia e, menos comumente por reagdo em cadeia da polimerase (PCR). Este trabalho
apresenta a aplicacdo de ensaio Nested PCR, utilizando como alvo gene os elementos
IS1111 transposase no genoma de C. burnetii em comparagdo com pesquisa de anticorpos
e de PCR convencional para a deteccdo de infeccdo de C. burnetii em amostras humanas
e veterindrias. Os anticorpos contra C. burnetii foram investigados em amostras de soro
de 24 pacientes e 71 animais domésticos usando imunofluorescéncia indireta técnica de
ensaio com valor de corte de 64. PCR convencional e Nested foram usadas para testar
amostras bioldgicas de casos suspeitos de febre Q em coagulo, tecido, amostras de leite e
swab anal e vaginal dos animais. Infeccdo de C. burnetii foi confirmada por Nested PCR
em 2 pacientes seronegativos e outras amostras de 5 animais seronegativos. O ensaio de
Nested PCR possibilitou a deteccdo de infeccdo por C. burnetii em um maior nimero de
amostras do que a PCR convencional e com niveis extremamente baixos de DNA..
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ABSTRACT

Q fever is a worldwide zoonosis caused by Coxiella burnetii, a small obligate intracellular
gram-negative bacteria found in a variety of animals. It is transmitted to human being by
inhalation of contaminated aerosols from urine, feces, milk, amniotic fluid, placenta, abortion
products, wool and rarely by ingestion of raw milk from infected animals. Definitive
diagnosis of Q fever is mainly based on serology and less commonly by polymerase reaction
chain (PCR). This report presents the application of Nested PCR assay using as target part of
the gene IS7/7/11 transposase elements in the genome of C. burnetiiin comparison with
antibody research and conventional PCR for the detection of C burnetii infection in human
and veterinary samples. Antibodies against C. burnetii were investigated in serum samples of

24 patients and 71 domestic animals using indirect immunofluorescence assay technique with
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cut-off value of 64. Conventional and nested PCR were used to assay biological specimens
from suspected Q fever cases and clot, tissue, milk samples and anal and vaginal swab from
the animals. Coxiella burnetii infection was confirmed by nested PCR in 2 seronegative
patients and other samples of 5 seronegative animals. The nested PCR assay aimed to identify
a higher number of C. burnetii infection among the evaluated samples, detecting DNA at
extremely low levels. In conclusion, the nested PCR developed for this study was found to be

a highly sensitive and specific diagnostic tool for C. burnetii active infection.

1. INTRODUCTION

Q fever is a worldwide zoonosis caused by Coxiella burnetii, a small obligate intracellular
bacteria and gram-negative pleomorphic Legionellales order (Fournier et al.,1998). Its great
persistence in the environment for long periods and remaining infectious along with its
resistance to chemical and physical factors are one of its important attributes. Furthermore the
infection is known in a variety of other animals, including other species of ruminants,
domestic and wild animals, birds and arthropods, especially ticks. Cattle, sheep and goats are
the primary reservoirs of C. burnetii (CDC 2015, Angelakis & Raoult 2010, Fenollar et al.
2004, Maurin and Raoult 1999). Transmission to humans usually occurs through inhalation of
contaminated aerosols from urine, feces, milk, amniotic fluid, placenta, abortion products,
wool or less commonly by ingestion of raw milk from infected animals (CDC 2015, Maurin

and Raoult 1999).

Although there are several ways of detection of C. burnetii, DNA by PCR-based methods has
been used for diagnosis of Q fever including conventional PCR, nested PCR, real-time PCR
or LAMP assay (Chen & Ching 2014, Angelakis & Raoult 2010, Klee et al. 2006). Despite

various methods based on qPCR prove helpful, we cannot doubt the validity of conventional

3
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PCR mainly for its low cost and the possibility of sequencing larger sizes of amplicon if not
there is a need to quantify. Berri et al. (2000) showed that the sensitivity of the Trans-PCR
was 100 times greater than the sensitivity obtained by PCR using "primer" CB1-CB2. The
objective was to increase the sensitivity of the Trans-PCR primer using a nested PCR assay.
This work aimed to increase the sensitivity of the Trans-PCR primer, using a nested PCR
assay, besides to evaluate its applicability in different species of animals and different types of

samples.

2. MATERIALS AND METHODS

2.1 CLINICAL SAMPLES AND DNA EXTRACTION

Samples of 24 patients suspect from Q fever during 2013 and 71 domestic animals from Rio
de Janeiro, Brazil were tested using indirect immunofluorescence assay technique with cut-off
value of 64. Conventional and nested PCR were used to assay biological specimens from
suspected Q fever cases and clot, tissue, milk samples and anal and vaginal swab from the
animals was extracted. In addition, tissue samples from rodents were also tested to
conventional and nested PCR.

DNA was extracted from different animals like goats, sheep, rodents, dogs and cats. The
human DNA extraction samples were serum and clot. Several types of samples were tested as
serum, clot, tissue, milk, tick, anal and vaginal swab using a QIAamp DNA Blood Mini Kit
(QIAGEN, Valencia, CA, USA), according to the instruction manual. DNA from anal/vaginal
swabs, after extensive washing in PBS and from milk was extracted using ATL (QIAmp
Blood DNA kit, Qiagen TM) and proteinase K. Each sample (200 pL) was mixed directly
with the ATL and proteinase K and incubated at 56°C overnight, followed by an incubation
step for 10min at 70°C (Mares-Guia et al 2014, Rodolakis et al 2007) followed by the

treatment with AL buffer for 10min at 70°C. The extraction process was continued with a
4
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QIAmp DNA blood kit (QIAmp Blood DNA kit, Qiagen TM) following the manufacturer’s
instructions. Negative controls were included in each extraction to check for possible DNA

contamination.
2.2 OBTAINING AND PURIFICATION OF DNA COXIELLA BURNETII

C. burnetii Nine Mile phase I and II, fixed blade and tested by indirect immunofulorescence
assay (IFA) using a serum from the acute Q fever patient and FITC conjugated anti-human
IgG antibody (SCIMEDX™, Denville, New Jersey, USA) was used dilute with PBS. DNA
was extracted from this solution with 200 pl by using a QIAamp DNA Blood Mini Kit
(QIAGEN, Valencia, CA, USA) following the manufacturer’s instructions. It is then
quantified and used as positive control (0.034 pg / ml - quantified in Qubit© fluorometer) for

the first PCR and serial dilutions were made tenfold for the detection limit.
2.3 PCR ASSAY

Using the pair of primers that target the gene IS///1] transposase elements in the genome of
C. burnetii (Willems et al.1994, Houver et al. 1992) and the expected product of amplification
of the target sequence with these primers was 687 bp in length. The pair of primers Transl
(5’TAT GTA TCC ACC GTA GCC AGT C-3’) and Trans2 (5’-CCC AAC AAC ACC TCC
TTATTC-3’) was submitted a PCR reaction that was performed on 4 pl of each prepared
sample in a total volume of 25 pl. The final reaction mixture contained 1x PCR buffer 10x,
0.2 uM of each "primer" (RTD / Prodimol, Belo Horizonte, MG, Brazil), 1.5 mM MgCl2, 200
uM dNTP mix (20 mM of each deoxynucleotide triphosphate), 0.5U of Platinum Taq DNA
polymerase (Invitrogen, Carlsbad, CA, USA), 4 uL of DNA sample and nuclease free water
(Promega, Madison, WI, USA). Amplification was performed in a 9700 thermocycler

(Applied Biosystems, Foster City, CA, USA) and consisted of initial denaturation at 95°C for
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5 min, followed by 40 successive cycles of denaturation at 95 ° C for 30s, annealing at 60 ° C
for 30s and extension at 72 ° C for 1 min. It was followed by a final extension of 7 min at 72 ©

C. All steps used negative controls to control contamination
2.4 NESTED PCR ASSAY
2.4.1 STANDARDIZATION AND GRADIENT

Using a primers of the Trans-PCR for 1* PCR, and N3+ (5'- AAG CGT GTG GAG GAG
CGA ACC-3’) and N4- (5'- CTC GTA ATC ACC AAT CGC TTC GTC-3') for 2nd PCR
designed from the gene IS/711 transposase elements in the genome of C. burnetii (Willems et
al.1994, Houver et al. 1992) and the expected product of amplification of the target sequence
with these primers was 440 bp in length. A total of 25 pl of mixture contained 2 ul of DNA
samples (2 ul of 1™ PCR reaction mixture in 2" PCR). The final reaction mixture contained
Ix PCR buffer 10x, 0.2 uM of each "primer" (RTD / Prodimol, Belo Horizonte, MG, Brazil),
1.5 mM MgCl2, 200 uM dNTP mix (20 mM of each deoxynucleotide triphosphate), 0.5U of
Platinum Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA). A gradient PCR
amplification was performed in a thermocycler (Applied Biosystems Veriti 96) and consisted
of initial denaturation for 5 min at 95 ° C followed by 30 successive cycles of denaturation at
95 ° C for 30 s, annealing in a gradient of 65°C/66°C/67°C/68°C/69°C/70°C for
30s and extension at 72 © C for 1 min. It was followed by a final extension of 5 min at 72 ° C.
To confirm amplification, the products were analyzed by electrophoresis in 1% agarose gel
stained with GelRed ™ solution (Biotium, Hayward, CA, USA). Was used as a molecular
weight marker 100bp DNA ladder (Invitrogen, Carlsbad, CA, USA) and the amplified
products were visualized under UV light transilluminator were stored in digital system for gel
documentation (Carestream GelLogic System) to select the annealing temperature. Thus, the

selected reaction was the initial denaturation for 5 min at 95 ° C followed by 30 successive
6
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cycles of denaturation at 95 ° C for 30 s, annealing at 66 ° C for 30 s and extension at 72 ° C

for 30s, followed by a final extension to 72 ° C for 5 min.
2.5 SENSITIVITY OF PCR AND NESTED PCR ASSAYS

Vero cell Coxiella burnetii are solubilized with Buffers PBS were extracted from 200 pl using
the QIAamp DNA Blood Mini Kit (QIAGEN, Valencia, CA, USA) following the
manufacturer's instructions. After extraction of total DNA was quantified using in Qubit©
fluorometer used as positive control 0.034 pg / ml. Solutions of purified C. burnetii were
prepared ranging from 1 until 107 dilutions. Dilutions were made from 2 pl of the solution
extracted with 18 pl of nuclease-free water and so on until to 1x 107 dilution. Four pl of the

DNA solution were used in the PCR and 2 pl for nested PCR assays.
2.6 SPECIFICITY OF PCR AND NESTED PCR ASSAYS

DNA samples of C. burnetii and 15 other bacteria were used in the PCR and the nested PCR
assays in order to evaluate specificity. The bacteria used in the experiments were Rickettsia
rickettsii,  Rickettsia  typhi, Ehrlichia chaffeensis, Ehrlichia canis, Anaplasma
phagocytophilum, Bartonella henselae, Borrelia burgdorferi (Laboratério de Hantaviroses e
Rickettsiose, FIOCRUZ), Pseudomonas aeruginosa INCQS 00025 (ATCC 15442), Brucella
abortus INCQS 00242 (ATCC 7705), Legionella pneumophila subsp pneumophila INCQS
00451 (NCTC 11232 ATCC 33155), Staphylococcus aureus CCBH 3853 (ATCC 25923),
Streptococcus pneumonia, Haemophilus influenzae, Neisseria meningitidis e Listeria

monocytogenes.
3. RESULTS

3.1 SENSITIVITY OF THE PCR AND NESTED PCR ASSAYS
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Sensitivity was compared between the PCR and the nested PCR assays in the detection of C.
burnetii DNA. The PCR assay with the Trans-PCR primers for 1* PCR detected until 10*

dilution (figure 1).

Figure 1: PCR assay with Coxiella burnetii performed with primers of Trans-PCR as
described in Material and Methods. Lanes; 1, negative control; 2, C. burnetii suspension 1x;
3, 100 bp DNA ladder; 4, C. burnetii suspension 10x; 5, C. burnetii suspension 10x; 6, C.
burnetii suspension 10°x; 7, C. burnetii suspension 10*x; 8, C. burnetii suspension 10%x; 9, C.

burnetii suspension 10°; 10, C. burnetii suspension 107x.

| K
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"

Based on the results of first PCR annealing temperature gradients were made to negative

solutions either 10° to 10’ (figure 2).

105



Figure 2: PCR assay with Coxiella burnetii annealing temperature gradients. . Lanes; 1,
negative control; 2 -4, C. burnetii suspension 10°x to 107x at 65°C; 5-7, C. burnetii
suspension 10°x to 10’x at 66°C; 8-10, C. burnetii suspension 10°x to 10’x at 67°C; 11-13, C.
burnetii suspension 10°x to 107x at 68°C; 14-16, C. burnetii suspension 10°x to 107x at 69°C;

17-19, C. burnetii suspension 10°x to 10’x at 70°C; 20, 100 bp DNA ladder.

9 10 11 12 13 14 15 16 17 18 19
> =

Whereas the nested PCR assay with pair of primers, N3+ and N4-, detected until the dilution
10°, indicating that the nested PCR assay was 10 times more sensitive than the PCR assay
(figure 3). Thus, the selected reaction was the initial denaturation for 5 min at 95 °C followed
by 30 successive cycles of denaturation at 95 °C for 30 s, annealing at 66 °C for 30 s and

extension at 72 °C for 30s, followed by a final extension to 72 °C for 5 min.

Figure 3: PCR assay with Coxiella burnetii performed with primers of Nested as described in
Material and Methods. Lanes; 1, negative control PCR1; 2 negative control PCR2; 3, C.
burnetii suspension 1x; 4, 100 bp DNA ladder; 5, C. burnetii suspension 10x; 6, C. burnetii
suspension 10%x; 7, C. burnetii suspension 10°x; 8, C. burnetii suspension 10%x; 9, C. burnetii

. 5 v .. . 6 ~ 1o 2 7
suspension 10°x; 10, C. burnetii suspension 10°x; 11, C. burnetii suspension 10'x.
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3.2 SPECIFICITY OF PCR AND NESTED PCR ASSAYS

The DNA samples from 15 other bacteria that were used in PCR1 and Nested PCR assays to
assess the specificity showed no amplification for these microorganisms which highlights the

specificity of primes.

3.3 DETECTION OF C. BURNETII DNA FROM CLINICAL SPECIMENS

DNA was extracted from serum and clot sample from 24 suspected Q fever patient and were
tested for C. burnetii DNA by the PCR and the nested PCR assays. From the 18 sheep tested 4
were reactive but 1 was reactive and positive in PCR (positive in tissue sample). From 27

dogs 3 was reactive but 2 was non reactive and positive in PCR (positive in serum sample).

10
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From 10 goats 5 was reactive but 4 were was reactive and positive in PCR (positive in milk

sample), 2 was non reactive and positive in PCR (positive in milk sample and one anal swab).

From 14 cats 3 was reactive but 1 was non reactive and positive in PCR (positive in anal

swab). Two patients, spleen tissue sample from rodents and tick (Table 1) were only positive

in nested and were therefore sequenced and deposited the partial sequences in the GenBank.

Tablel: Partial sequences of the gene IS///1 transposase elements in the genome of C.

burnetii at the GenBank from samples.

registro I}r:g; ?‘lt/ species nizzar:izl T{?;S I\I?; 4 accegseigf?:llr(nber Size
a (%); b(%)
LRP0814/13 | Patient1 | human Sa‘i]‘;fle N | P 3(10%;6)‘;‘%1?30%) 437 bp
LRP1022/13 Patient 2 human sacr:l(;)tle N P a(l()lé"RA;(;;glla?fgo%) 409 bp
LBCE13257 [4K040n C4rS0T | et St{’sl:lf: N | P a(lolg;f';?i?f&%) 432bp
tocriszes | Gommeent | g | 25 [ x| b |, PO T
LBCE11866 Ako"”"zc"’s‘” rodent i‘f;:j: N | P, 0%;29;;615)((’1230% | 438bp
LBCE11871 | Akodon sp. | rodent Stfslses: N | P a(lolé(;,g)?i(()fg()%) 438bp
LBCE11914 Ol’if;’;yi;‘;"ys rodent Stfslg: N | P a(ggl%?gﬁfgg%) 326bp
LBCE11924 | Mus musculus | rodent Stfslsejg N | P 3(1013;9);615)(()1350%) 440bp
c59 Rféizﬁzhj: U| tick | dck | N | P aao%%?ﬂ&%) 370bp
C154 A’s”c’;’g’t':n’:'“ tick | tick | N | P a(glggzg((’gg%) 439 bp

a(%) maximum similarity with the sequence of the IS//171 gene of Coxiella burnetii RSA 331

b(%) query cover with the sequence of the IS/7171 gene of Coxiella burnetii RSA 331

Other types of samples such as milk sample, vaginal wab, tissue and serum samples positive

in the same trans-PCR were sequenced from nested. These samples were from different

animals like goat (JN966899 - 430 bp), sheep (KC854154 - 373 bp), cat (KC854155 - 394 bp)

and human. These sequences were deposited in GenBank

11
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DISCUSSION

The PCR has been used widely for the diagnosis of infectious diseases, including those
caused by C. burnetti. The Hemi-nested and nested PCR increases PCR sensitivity and leads
to at least a 10.000 fold enhancement of the correct PCR product over nonspecific products
that could be co-amplified when using outer primers only. The amount of PCR product used
in the nested PCR should be adjusted accordingly based on the results of the first PCR. In
future diagnostic work all samples should be tested with nested primers regardless of the first
PCR result. False negative results after the first PCR could occur due to a very small number
of copies present in the specimen (Watzinger,et al, 2006; Klein, 2002). The objective of this
study was to design and implement the nested PCR for a target gene that was already proven
previously (Berri et al. 2000, Willems et al.1994, Houver et al. 1992) with enough specificity
and sensitivity. With these new internal primers for Trans-PCR primers proved a 10x
increased sensitivity and a partial sequence with excellent 440bp size to sequence. Although
several real-time PCR techniques are proven sensitive to the opportune diagnosis (Angelakis
& Raoult 2010, Klee et al. 2006), this study aimed to find an alternative to conventional PCR.
Conventional PCR is a low cost technique and can be used for few samples free of charge.
Although the work of Chen et al (2014) is also proposes novel detection for serum samples
while nested can be used in different types of samples such as milk, swabs and tissues. The
possibility of amplifying and sequencing partial sequences that certainly does not align with
other microorganisms and having a good size 440bp, makes this pair of primers a great
alternative for qPCR. In our experiments we could amplification of different samples without
any occurrence of non-specific band. It was also to samples of different hosts and different
types and improve of amplified material the specificity of the amplified test. Whereas

currently the gold standard for definition of case and the immunofluorescence test with our
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results we found that in the initial phase becomes easier to detect positives with PCR and
improving with nested. In animals, for surveillance found that identify positive cases other
sample types rather than in the blood which makes a valuable technique for these cases. We

conclude that this may be a good alternative for the diagnosis of Coxiella burnetii.
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ABSTRACT

Aims: The aim of this review is to present Rickettsioses sensu lato, with emphasis on
their current and future clinical diagnosis. The review presents the conditions, the agents
that cause them, and the current gold standards on their diagnosis in national and
international reference centres. Additionally, this review covers the various emerging
technologies available in the diagnosis of Rickettsioses and discusses their potential for
future use as gold standards in the diagnosis of these diseases.

Introduction: The introduction presents Rickettsioses sensu lato and gives a broad
overview of the conditions they cause, the issues associated with their current diagnosis
and the need for their improved, earlier and more accurate diagnosis, in order to prevent
current issues with false negatives, misdiagnosis or delay in the diagnosis associated with
these conditions, which often renders them grave or lethal.

Main Body: The main body of the review presents in independent sections Rickettsias,
Ehrlichia, Anaplasma, Bartonella and Coxiella and the conditions associated with each of
these bacteria. Spotted fever, endemic typhus, human granulocytic anaplasmosis, human
monocytic ehrlichioses, bartonellosis and Q-fever are some of the conditions associated
with this group of proteobacteria. The emphasis is on the clinical diagnosis of these
conditions and an overview of the current practice, gold standards in reference
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laboratories and improvements in these methodologies is presented. The last part of the
review focuses on novel technologies in bacterial detection and their application
specifically on Rickettsioses sensu lato, demonstrating how these technologies are being
applied in this field and how they could improve current standards and resolve issues
associated with the clinical diagnosis of rickettsioses.

Conclusion: Rickettsioses sensu lato are conditions associated with proteobacteria
historically included in the Rickettsiaceae family, able to cause a number of conditions,
often grave or lethal. One of the major issues associated with poor clinical outcome is the
lack of early and accurate differential diagnostic methodologies. Current methods,
including serological and molecular biology techniques have various advantages and
disadvantages, which new technologies available or currently in development may be in a
position to resolve and the issues associated with the institution of such technologies.

Keywords: Rickettsia; Ehrlichia; Anaplasma; Bartonella; Coxiella; clinical diagnosis.
1. INTRODUCTION

Significant advances in bacterial detection and clinical diagnosis of bacterial diseases have
been achieved in the last decade and have opened the path for future developments.
However, a lot of bacterial diseases remain misdiagnosed and, despite advances in
antibiotics and the availability of curative interventions, they can often lead to serious
conditions and death, with diagnosis arriving in very late stages or even post-mortem. One
such group of bacteria, where methods for accurate and early diagnosis remain necessary
are the "rickettsias sensu lato", here referred to as proteobacteria historically included in the
Rickettsiaceae family, before phylogenetics investigations that placed genera Bartonella and
Coxiella in other taxonomic subdivisions [1,2]. Besides these, the genus Orientia, causing
scrub typhus, has recently been removed from the genus Rickettsia and classified as a
separate genus in the Rickettsiaceae family. Orientia is shown to be endemic in eastern Asia
and western Pacific, and is transmitted by mites, and is thus not included in this review, as is
not Neorickettsia and Wolbachia.

Various diseases are attributed to "rickettsias sensu lato", including rickettsioses of the
spotted fever group (SFG), recrudescent typhus, typhus transmitted by cat fleas,
rickettsioses varicelliform, ehrlichiosis, Q fever and bartonellosis, transmitted by arthropods,
like mites, ticks, lice and fleas, and are found in many parts of the world. Rickettsia and
Ehrlichia genus are o-proteobacteria of the subgroup 1 and Bartonella of the subgroup 2,
whereas Coxiella burnetii belongs to the y-proteobacteria. Although initially the above
species all belonged to the order Rickettsiales, family Rickettsiaceae, they are now
reorganised and considered as individual families of bacteria. The family Bartonellaceae, as
well as Coxiella burnetii, were removed from the order Rickettsiales, which includes now two
families, the Anaplasmataceae and Rickettsiaceae. However, they are often still studied
within the field of rickettsiology and for the purpose of this review we will consider them
jointly, particularly due to the many common characteristics they present, both in the way
they are transmitted and in many of the symptoms they cause [1,2].

Rickettsioses, especially SFG, are often misdiagnosed for other endemic diseases, such as
dengue fever or leptospirosis, in tropical countries and, thus, often result in grave or fatal
outcome [3-5]. This in part is due to the similarity of symptoms with other common endemic
diseases, but also in part due to the nature of the diagnostic assays currently employed as
gold standards in the diagnosis of these conditions, based on serological assays for the
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presence of patient antibodies against these bacteria. As patient antibodies, IgG or IgM, can
take up to two weeks to appear, early serological examination may lead to false negative
results and two evaluations are necessary. Yet, until the second evaluation takes place to
confirm seropositivity, symptoms may have advanced significantly. Thus, in this review, we
are looking at "rickettsias sensu lato", including, besides the genus Rickettsia, the Ehrlichia,
Anaplasma, Bartonella and Coxiella genus with a focus on the current diagnostic standard
and an evaluation of future trends and their applicability and viability as laboratory methods
that could have a wider application in the early and accurate diagnosis of these bacterial
infections.

2. RICKETTSIOSES CAUSED BY THE GENUS RICKETTSIA AND THEIR
DIAGNOSIS IN HUMANS

Rickettsioses are zoonoses caused by obligate intracellular bacteria of the genus Rickettsia
in the order Rickettsiales. Rickettsias are Gram-negative, non-motile bacteria, with
endothelial cells as their primary target. Their life cycle involves arthropod vectors like ticks,
fleas, lice and mites [6]. Members of this genus may be classified into four groups: (i) typhus
group (TG), which includes Rickettsia typhi and Rickettsia prowazekii; (ii) spotted fever
group (SFG), based mainly on phenotypic and serological features with more than 25
different species including Rickettsia rickettsii, Rickettsia conorii, Ricketsia africae, and
Rickettsia parkeri; (iii) ancestral Rickettsiae group, which includes Rickettsia belli and
Rickettsia canadensis and (iv) transitional group, with Rickettsia akari, R. autralis and R. felis
[7-10].

Rickettsial pathogens are widely distributed throughout the world, causing emerging and re-
emerging infectious diseases. These zoonoses are among the oldest known vector-borne
diseases. Their global distribution varies according to the density and distribution of the
arthropod vector and the population density of the reservoir hosts [6,11]. SFG are
increasingly being identified among international travellers. Two percent of imported fevers
are caused by rickettsioses and 20% of these patients are hospitalized [12].

The case definition of confirmed SFG includes both clinical evidence and laboratory
confirmation. The clinical features of this rickettsiosis consist of an acute undifferentiated
febrile illness, often accompanied by headache, myalgia and nauseas, and a maculopapular
or vesicular rash may be observed a few days after the onset of illness [13-15]. When a
patient develops a febrile illness, the suspicion for tick-borne iliness should be high in those
who live or travel to endemic areas. Outdoor activities, whether recreational or occupational,
particularly in areas with high-uncut grass, weeds, and low brush, can increase the risk for
tick bites and thus the chance for disease onset [16].

Clinical disease develops prior to an antibody response, so patients presenting clinical
evidence of disease due to rickettsial infections, should be empirically treated with
appropriate antibiotics, regardless of the outcome of initial laboratory testing [11].
Doxycycline is the treatment of choice for adults and children. Resistance to doxycycline has
not yet been reported. Chloramphenicol may be used in cases of life-threatening allergy to
doxycycline [17]. Rickettsial organisms are naturally resistant to many antimicrobial drugs
routinely used as treatment for acute fevers, including B-lactams. Fluoroquinolones and
newer macrolides are useful options of treatment [12]. Several species of SFR have been
confirmed as human pathogens and the number is rising. Some examples are: R. rickettsii,
R. parkeri, R. conorii, R. africae, R. felis, R. japonica, R. helvetica, R. montanensis, R.
rhipicephalis and R. sibirica.
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Similar SFG, epidemic typhus, caused by Rickettsia prowazekii, is also usually associated
with more severe symptoms, which typically begin suddenly, and high mortality in the
absence of specific of treatment. Regarding to endemic typhus, caused by Rickettsia typhi
and occasionally R. felis, its clinical manifestations are also similar to those of SFG, but are
less severe and rarely lead to death [6,18].

Diseases caused by agents of the Rickettsia genus can be diagnosed in a number of
different ways; each approach has its advantages and its limitations. The specific laboratory
confirmation could be either detection of specific DNA by PCR, demonstration of the
organism in cell culture, or a fourfold rise in antibody titres on paired samples taken 2-4
weeks apart.

Rickettsiae are isolated most commonly from blood, skin biopsy specimens and autopsy
tissue fragments or arthropods, especially ticks. Rickettsiae culture must be performed only
in biosafety level 3 facilities, which are limited to Reference Centers or few research
laboratories in the world [19,20].

Rickettsial antibodies can be detected by complement fixation, latex agglutination, enzyme-
linked immunosorbent assay and immunofluorescence assay (IFA). IFA is the gold standard
for serological diagnostic of rickettsial infections and it is performed worldwide [21].
Diagnostic criteria of recent infection by IFA test are either a 4-fold increase of
immunoglobulin IgG or IgM titres in paired samples drawn > seven/10 days apart, or
elevated IgG and/or IgM titres in single samples consistent with recent infection. A diagnostic
IFA titre of < 64 is not considered positive. A titre of > 64 is considered exposure or probable
acute infection without rising titre. Titres should be interpreted based on the background
seroprevalence of endemic area [17]. The main limitation with serological diagnosis include
a usually negative result in the acute phase when patients first seek medical care, poor
sensitivity in cases treated with doxycycline, and an inability to distinguish among various
rickettsial species caused by cross-reaction [12].

The greatest challenge to clinicians is not therapy but the difficult diagnosis during the early
phase of infections [18]. The diagnosis of rickettsiosis can be missed because of these
nonspecific initial clinical presentations and the absence of specific laboratory confirmation
[22]. Serological diagnosis is usually retrospective; antibody increase takes 15-26 days, thus
limiting the clinical impact of diagnosis [23].

Molecular diagnosis using polymerase chain reaction (PCR) targeting various rickettsial
genes has been developed to accelerate the diagnosis of rickettsiosis and allow early
species diagnosis. While some PCR target several species, others are designed to detect
only a single rickettsial species. The five genes usually targeted by PCR for detection and
diagnosis are citrate synthase gltA, gene D sca4, the 17kDa lipoprotein precursor antigen
gene 17kDa, and genes for outer membrane proteins A and B ompA and ompB [21,24].
Other targeted genes include 16S ribosomal RNA 16S rDNA, serine peptidase htrA [20]. It
should be noted that, in contrast to SFG rickettsiae, all rickettsiae belonging to TG (R.
prowazekii and R. typhi) lack the ompA gene [25].

Rickettsial diagnosis based on PCR has been used extensively [20,24,26-31]. PCR primer
sets, targeting various rickettsial genes, have been described and can be used in any
laboratory with suitable facilities. Rickettsiae can be detected from clinical samples including
skin biopsies, autopsy tissue fragments, blood and sera. Modifications of the PCR technique
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led to its improvement and the development of the nested PCR (nPCR), which increased the
sensitivity of PCR to the level of detecting 1-10 genomic equivalents per reaction [32].

Santibafnez and co-workers [20] evaluated the effectiveness of PCR methods to detect
Rickettsiae from clinical samples. They determined the sensitivity and usefulness of
molecular diagnosis targeting the 716S rDNA, htrA, gitA, ompA and ompB genes by PCR.
They performed single and sequential (nested or semi-nested) PCR assays. The samples
tested were collected from patients in the early phase of the iliness before antibiotic therapy.
For single PCR assays, the greatest sensitivity to detect rickettsial DNA in clinical samples
was obtained using g/tA (33.3%). Higher sensitivity was achieved using sequential ompB
PCRs (83.3%). They recommend performing g/tA and ompB PCR assays, followed in
positive samples by ompA PCR and nucleotide sequence analysis for species identification.
The ompB PCR detects a high percentage of positive samples and it is effective as a first
screening. The ompA PCR assay is an accurate method to diagnose and to implicate a new
Rickettsia species. Combination of three sequential PCR assays (ompA, ompB and gltA)
achieved 100% sensitivity [20]. Similarly, Sekeyova et al. [33] monitored clinical samples for
Rickettsia, Bartonella, Borrelia, Coxiella, Anaplasma, Franciscella and Diplorickettsia from
patients from Slovakia. They evaluated the seroprevalence by multiple-antigen IFA and
confirmed the results with PCR. Serum samples from 50 hospitalized patients with
suspected tick-borne diseases were evaluated. As a result, 32% were positive by IFA for
spotted fever group rickettsia, but only 10% were confirmed by PCR. The discrepancy
between IFA and PCR might be due to the sensitivity linked to the time of collection of the
serum samples [33]. Therefore, these assays can provide high accuracy and sensitivity and
have been used for the molecular diagnosis of rickettsioses, as well as to identify Rickettsia
species in new clinical patients.

Newer molecular assays are also available. Pan et al. [18] evaluated the potential of loop-
mediated isothermal amplification (LAMP) targeting the ompB gene to detect SFG rickettsiae
early infection. LAMP is a highly sensitive and specific technique that under isothermal
conditions (60-65°C) can generate up to 10°-fold amplification in less than one hour. They
compared the sensitivity of the ompB LAMP assay and general PCR. They found the limits
of detection of LAMP and PCR for the ompB gene were 5 and 625 copies per reaction,
respectively. Thus, the LAMP assay is 125-fold more sensitive than conventional PCR. They
also evaluated the clinical applicability of the LAMP assay with clinical samples previously
positive by serology or real-time PCR and compared the results of LAMP with nested PCR
protocols. LAMP detected 8 of 10 confirmed cases while nested PCR detected none of the
positive samples [18]. Thus, LAMP assay is a reliable test and could be an ideal choice for
development as a rapid and cost-effective means of detecting SFG rickettsiosis.

Renvoisé et al. [34] evaluated the widespread use of real-time PCR for rickettsial diagnosis.
They reported two years of their experience at the French National Reference Center
(FNRC) with molecular diagnosis for rickettsial diseases using real-time PCR. They
designed a new set of primers and probes to detect TG Rickettsia, and SFG Rickettsia, such
as R. conorii, R. slovaca, R. africae and R. australis. Specificity was tested in silico using
blastN analysis on GenBank and in vitro using a panel of 30 rickettsial strains. Sensitivity
was determined by 10-fold serial dilution. Primers and probes both sensitive and specific
were routinely used for diagnosis of rickettsial infections at FNRC. Among the positive
clinical samples, 68.9% (31/45) were cutaneous biopsies, 17.8% (8/45) were cutaneous
swabs, 4.4% (2/45) were total blood samples and 8.9% (4/45) were serum samples [34].
Based on these findings, it appears that real-time PCR could also be an option that can be
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easily implemented in laboratories that have molecular facilities and its widespread use is
inexpensive and reduces the delay of rickettsial diagnosis.

Angelakis et al. [35] performed a comparison between cell culture techniques and PCR for
the diagnosis of Rickettsia infections. They analyzed skin biopsies and ticks collected from
patients with suspected Rickettsia infections. They identified the presence of Rickettsia spp.
in skin biopsies and ticks using molecular methods and cell culture. Culture methods were
less sensitive than PCR. Culture sensitivity was low in patients under antibiotic treatment
because of the high susceptibility of Rickettsia to antimicrobial agents. They found a positive
correlation between the bacterial copies and the isolation success. Early antibiotic treatment,
prior to skin biopsies, reduced the sensitivity of both methods tested [34]. As a result of
these studies, it is suggested that PCR would be a much more promising as a reference
laboratory technique than cell cultures that are less sensitive and much more demanding,
and can also be affected by previous treatments.

A duplex real-time PCR, targeting the DNA of any rickettsial species and TG Rickettsia in
clinical samples (skin biopsies) has also been developed [23]. The test was sensitive for at
least 10 DNA copies per reaction and exhibited good reproducibility. The results from clinical
samples allowed an early diagnosis of spotted fever in two cases and recognition of murine
typhus in another. Despite the limited number of samples tested, the clinical experience with
the duplex real-time PCR assay is encouraging. The recognition of typhus group rickettsia is
clinically and epidemiologically relevant, as these infections may be associated with worse
prognosis than spotted fever.

3. HUMAN GRANULOCYTIC ANAPLASMOSIS, HUMAN MONOCYTIC
EHRLICHIOSIS AND THEIR DIAGNOSIS

Intracellular bacteria of the Anaplasmataceae family cause ehrlichiosis and anaplasmosis.
Ehrlichia and Anaplasma species are transmitted through the bite of an infected nymph, or
adult tick vector that had been previously infected in larval or nymph stage while feeding on
a rickettsemic animal, known as a reservoir host. Their agents are maintained in nature
through enzootic ticks as well as wild and domestic animals [11,36].

The causative agents of human monocytic ehrlichiosis (HME) and human granulocytic
anaplasmosis (HGA) are small, Gram-negative, obligate intracellular bacteria that have
tropism for specific leukocytes. HME has an affinity for monocytes and HGA preferentially
infects granulocytes. They replicate within vacuoles in these leukocytes forming
microcolonies called morulae, which allows the organisms to avoid phagocytosis to facilitate
their survival [11,37,38].

Clinical presentations of ehrlichiosis and anaplasmosis are similar and nonspecific. HGA and
HME are acute febrile tick-borne diseases. Fever is followed by headache, myalgia and
arthralgia. Less common symptoms include nausea, abdominal pain, diarrhoea and cough.
A rash may be present in 10-30% of cases of HME but is uncommon in HGA, present in less
than 10% of infected patients. Neurologic symptoms, including meningitis and
meningoencephalitis, have been reported in approximately 20% of patients with HME.
Laboratory findings include leukopenia, thrombocytopenia, elevated serum aminotransferase
levels, and elevated creatinine levels [37,38,39].

The diseases are considered as emerging and the number of reported cases has been
growing due to better diagnostic techniques and surveillance programs [36]. Accurate
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diagnosis of many tick-borne diseases is hampered owing to similar clinical manifestations,
overlapping geographical distributions and shared vectors. Laboratory confirmation can be
carried out using a number of microbiological, serological and molecular techniques [37].

Direct visualization of bacterial inclusions, termed morulae, in the cytoplasm of infected
circulating leukocytes can allow rapid diagnosis of Ehrlichia spp. and Anaplasma spp.
[11,37,40]. Morulae detected in neutrophils are indicative of infection by Anaplasma
phagocytophilum, while detection in monocytes delineates infection by Ehrlichia chaffeensis
[37]. However, the low level of morulae, the short duration of rickettsemia, and the need of
an experienced microscopist limit the utility of this approach.

Recovery of E. chaffeensis and A. phagocytophilum in mammalian cell culture can also be
used to diagnose infection. A. phagocytophilum is usually cultivated in the human
promyelocytic leukemia cell line HL-60 and the canine histocytic cell line DH28 is employed
for culturing E. chaffeensis [37,41,42]. Limitations of cell culture as a diagnostic tool include
the need of an antibiotic-free environment for growing these cell lines and technical staff
trained in cell culture techniques. Besides, with this approach, it can take several days to
obtain a positive result.

The indirect immunofluorescence assay (IFA) is the gold standard method proposed by the
World Health Organization Collaborating Centre for Rickettsial Reference and Research.
Antibodies in the serum bind to fixed antigens on a slide and are detected by a fluorescein-
labelled conjugate. The greatest limitation of IFA is the need of a pair of serum samples from
both acute and convalescent stages of the illness; which is not applicable as an early test for
infection [18]. Nonspecificity can occur in IFA due to cross-reactivity. The Centers for
Diseases Control and Prevention recommend that diagnoses based on serological tests
should be confirmed by molecular methods [40].

A number of European countries have been confirmed as a hotspot for HGA and rickettsial
diseases. Thus, Cochez and co-workers [43] presented results from a 10 years (2000-2009)
study of A. phagocytophilum sero-surveillance in Belgium. Serum samples from 1350
patients were tested using an IFA IgG and IgM antibody test kit, according to the
manufacturer’s specifications (Focus Diagnostic, CA, USA). In total, 111 confirmed cases
were detected. All cases had a history of tick bite, fever, and initially showed a titre of at least
64, which increased to 256 or higher in their follow-up sample. Based on these findings, the
authors suggest that Belgium is a hot spot for HGA infections [43].

A number of clinical samples were also evaluated in France and positive results were
identified both with spp. and Ehrlichia spp. during acute infection. Several conserved genes
have been employed as PCR targets, including the rrs (16S rRNA) and groESL (heat shock
operon). Koebel and co-workers [44] highlight the PCR assay on EDTA-blood samples as
the diagnostic test of choice during acute phase of diseases. A Tagman-based real-time
PCR was applied to amplify a 73-bp fragment from the A. phagocytophilum msp2/p44 gene.
They report confirmation of three consecutive clinical cases with HGA by Real-time PCR in
eastern France [44]. Similarly, Edouard et al. [45] also reported five new human cases of A.
phagocytophilum infection diagnosed by serology and Real-Time PCR. Serum specimens
were tested with microimmunofluorescence assays using a large panel of antigens, including
A. phagocytophilum. Serum samples were also screened with primers and probes targeting
102-bp of DNA polymerase | of A. phagocytophilum. A positive result was confirmed using
primers and probes targeting a 92-bp fragment of the glutamyl tRNA amidotransferase gene.
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Clinical samples were obtained retrospectively (2000-2010) from the archives of the National
Reference Centre for Rickettsioses, Marseille, France [45].

Weil et al. [46] described a tick-associated pathogen panel (TAPP) that includes a PCR
assay for the detection of the organisms that cause HGA, other human ehrlichioses (A.
phagocytophilum, E. chaffeensis, and E. ewingii), as well as Borrelia burgdorferi and
Babesia microti, the causative agents of Lyme disease and babesiosis, respectively. The
PCR targeted HSPD1, an open reading frame gene segment of the heat shock protein
operon (groESL). From 692 samples tested, 33 presented an HGA-positive result.
Serological assays were not included in this study [46]. The results of the authors would also
suggest the potential of PCR for bacterial detection in the evaluation of more than one
organism, even though they have not presented serological evidence for comparison.

Other currently proposed molecular detection methods include LAMP to detect A.
phagocytophilum in clinical samples [47]. They developed a LAMP assay based on a
conserved region in the msp2 gene. The limits of detection of LAMP compared to PCR were
25 copies of msp2 gene and 625 copies, respectively. Forty-two clinical samples were tested
by LAMP and results were compared with nested-PCR and Real-time PCR. Twenty-six
tested positive by LAMP assay while only one and three samples tested positive by nested-
PCR and Real-time PCR, respectively. Thus, as shown earlier for rickettsias, LAMP is a
rapid, simple, sensitive, and cost-effective assay for detecting A. phagocytophilum in clinical
samples.

4. BARTONELLA AND ITS DIAGNOSIS

Bartonella species are small, fastidious, intracellular, Gram-negative rod-shaped bacteria
belonging to o-Proteobacteria subgroup 2, with a worldwide distribution, which cause an
increasingly large number of infectious diseases in humans and animals [48]. In 1993,
Brenner and colleagues proposed to unify Bartonella and Rochalimaea genera and renamed
some species as Bartonella quintana, B. henselae, B. vinsonii and B. elizabethae. As a
result of this unification, the transfer of these organisms from the Rickettsiaceae family to the
Bartonellaceae family was required and, at present, more than 31 species and subspecies
are recognized [49].

Several hematophagous insects have been implicated in Bartonella transmission, including
sand flies [50], the human body louse [51], the cat flea [52] and, potentially, ticks [53,54].
Bartonella infections have been encountered in all species surveyed, which extend to
members of different orders of mammalian, including carnivores, primates, ungulates,
rodents, and bats. It is believed that the vector preference for certain hosts can influence the
transmission of these organisms and that is responsible for the association of a given
Bartonella sp. with a specific host, i.e., B. henselae, B. clarridgeiae and B. koehlerae with
cats, B. alsatica with wild rabbits, B. baciliformis and B. quintana with humans [55,56].

Bartonellae have been recognized as agents causing human disease, including B.
bacilliformis (agent of Oroya fever and verruga peruana), B. henselae (agent of cat scratch
disease CSD, bacillary angiomatosis, bacillary peliosis, endocarditis) and B. quintana (agent
of trench fever, bacillary angiomatosis, bacteremia and endocarditis) and B. elizabethae
(agent of endocarditis), among others [55]. The Bartonella spp. infection can cause great
diversity of clinical manifestations in humans, including recurrent fever and fever of unknown
origin, malaise, fatigue, insomnia, loss of memory, psychiatric disorders, lymphadenopathy,
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splenomegaly, angiomatosis and bacillary peliosis, endocarditis, hepatitis, osteomyelitis,
encephalitis, meningitis, and other neuroretinites [57,58].

The genus Bartonella has pathogenic characteristics, such as the ability to invade and lyse
red blood cells. Besides erythrocytes, the endothelial cells represent another target of
Bartonella in their mammalian hosts [56]. Current opinion is that these cells serve as a
primary niche for bartonellae prior to them entering the bloodstream. After five days, these
bacteria are released into the bloodstream and then are able to invade erythrocytes, where
occurs their intracellular replication [59].

Antimicrobials have been used widely in the treatment of bartonellosis. A study using
azithromycin in CSD showed a benefit in lymph node regression in 30 days, as compared
with placebo [60]. In immunocompromised patients the antimicrobials indicated are
erythromycin, clarithromycin, azithromycin, doxycycline, either co-administered or not with
rifampicin, and the period of treatment ranges from 4-6 weeks [60,61]. In the acute febrile
phase of Carrién’s disease the preferred treatment has been chloramphenicol [62], but oral
ciprofloxacin has been increasingly and successfully used [61].

Several laboratory methods must be used in bartonellosis diagnostic to avoid false
negatives; there is no gold standard [63]. Diagnostic techniques for infections with Bartonella
spp. include serology by immunofluorescence (IFA) to detect antibodies against the bacteria
in the patient’s serum, culture of the pathogen, histopathological examination of lymph nodes
or tissue biopsy of skin, liver or other affected organs, and molecular biology techniques,
especially PCR, to amplify Bartonella spp. genes from patient’s tissue fragments or blood
[64,65].

Serology is particularly important because it allows the rapid identification of Bartonella spp.
[64,66]. But it is limited by cross-reactions between the different species of Bartonella, and
also between genera such as Coxiella and Chlamydia [67,68]. Many studies have shown
that serological differentiation between B. henselae and B. quintana through IFA is
impossible, since cross-reactivity between these species is very high (95%). The
heterogeneity among strains and genotypes of Bartonella spp., might result in differences
between the parameters of laboratory analysis and subjectivity of the readings of the results
of IFA, which could result in false positives [69,70]. Despite these limitations, IFA remains
the gold standard for the diagnosis of infection [68,71].

ELISA method has been proposed as an alternative to IFA. Several ELISA protocols use
sonically disrupted B. henselae (whole cell-proteins) or the putative outer membrane
proteins (OMPs) as the antigens [72,73]. However, studies have demonstrated low
sensitivity of ELISA-based serodiagnosis when compared with IFA. Thus, researchers have
focused their efforts on the improvement of the antigen preparation for use in IgG ELISA.
Tsuruoka et al. [73] found that sarcosine-soluble proteins of B. henselae are significantly
more specific than whole-cell or sarcosine insoluble proteins as antigens for IgG ELISA,
indicating an improvement in accuracy of diagnosis of Bartonella infection [73].

The diagnosis of Bartonella infection should be confirmed by culturing the organism from
aseptically obtained patient samples, including blood, CSF, lymph nodes, or other tissue
aspiration samples, ocular exudates, and from surgical biopsies [58]. The liquid culture of
Bartonella spp. is necessary to increase the sensitivity of detection of bacteraemia through
molecular methods and is one of the most used methods of diagnosis worldwide [74,75,76]).
The isolation of most species of Bartonella in blood agar plates requires a long incubation
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period (6-8 weeks) at 35°C in a water saturated atmosphere containing 5% CO,. The
development of a new liquid culture medium called BAPGM (Bartonella Alpha-
Proteobacteria Growth Medium) that allows the growth of at least seven Bartonella species
enabled the improvement of this method as diagnosis. It is now widely used as a pre-
enrichment stage and, combined with molecular methods, increased the success and
sensitivity of culture for diagnosis in both animals and humans [74-77]. However, to date,
there is no consensus regarding the best culture medium or best antigen to be used in the
diagnosis of bartonellosis.

Likewise, a consensus has not been achieved on the best gene to be used for primer
development and optimal conditions to be used in PCR. Species-specific PCR has been
useful, especially when a particular diagnosis is already suspected. Thus, several studies
describe regions of the 16S rRNA gene, the 16S-23S rRNA intergenic spacer region-
encoding gene (ITS), citrate synthase gene (gltA), the riboflavin synthase (ribC), the 60-kDa
heat shock protein gene (groEL), the N-terminal region of the cell division protein gene
(FtsZ) or gene of the beta subunit of RNA polymerase (rpoB) as the most efficient and
promising primer targets for detection of different species of Bartonella [48,74].

Besides the set of primers that determine the region to be amplified and therefore the
sensitivity of the reaction, the type of PCR also influences the success of the diagnosis. The
nested PCR can greatly increase the sensitivity of detection, as does the real-time PCR
[76,78]. A semi-nested PCR has also been designed to amplify the gene of a 31-kDa major
protein (Pap31) associated with the bacteriophage harboured in B. henselae [79]. The main
advantages of this technique are that it is easy and reliable, culture independent and almost
all bacteria can be detected in a single reaction [67]. A limitation of the system is the quality
of DNA of some clinical materials, high host DNA concentrations that interferes with DNA
amplification of the Bartonella target and potential DNA contamination [64].

An important study conducted by La Scola et al. [80] using sequences available in the
GeneBank database, compared seven gene targets, specifically the 16S rDNA, gltA, groEL,
rpoB, ftsZ, ribC and the internal transcribed spacer 16S-23S (ITS). This comparison
demonstrated the relative discriminatory power of each gene examined, and only two genes
— gltA and rpoB — were able to clearly differentiate all species and subspecies of Bartonella
analysed [80].

Newer molecular approaches in microbiology are available for characterization and typing of
Bartonella genotypes [81]. The most widely used are pulse field gel electrophoresis (PFGE)
[82], multilocus sequence typing (MLST) [83,84], multispacer typing (MST) and multilocus
variable number tandem repeat analysis (MLVA) [81].

5. Q FEVER AND COXIELLA BURNETII DIAGNOSIS IN HUMANS

Coxiella burnetii is a small, obligate intracellular, gram-negative, pleomorphic bacterium of
the order Legionellales and is the cause of Q fever. Coxiella burnetii is very stable in the
environment in its sporoid form. In natural infections, Coxiella has a tropism for cells of the
mononuclear phagocytic class, such as lung alveolar macrophages, Kupffer cells of the liver
and, more rarely, pneumocytes, fibroblasts and endothelial cells [85].

Coxiella burnetii exists in two antigenic phases, called phase | and phase Il. In nature, the C.

burnetii phase | expressed antigen is observed in humans, infected animals and arthropods
and it is the infectious form of the bacterium. The phase Il variant is obtained after several
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passages in embryonated eggs or cell cultures and is less virulent [86]. The abnormally high
resistance against chemical and physical factors, due to endosporous formation, is one of
the most impressive attributes of C. burnetii. It enables this organism to persist in the
environment for long periods of time and remain infectious. The surviving ability of the
organism, its resistance to heat, desiccation and many disinfectants, justifies its high
infectivity, a fact that makes this proteobacteria a possible weapon of bioterrorism and an
agent classified as category B. Studies show that a single inhaled organism may produce
clinical disease [87,88].

Cattle, sheep and goats are the primary reservoirs of C. burnetii. Infection is known in a wide
variety of other animals, including other species of ruminant domestic animals as well as wild
animals [2,89]. The reservoirs of C. burnetii include mammals, birds and arthropods,
especially ticks [90]. Coxiella burnetii does not usually cause clinical symptoms in these
animals, although abortion in goats and sheep may be related to infection by this
microorganism that is excreted in the milk, urine and feces of infected animals. During the
time of birth of the animals, C. burnetii is present in great quantity in the amniotic fluid and
placenta. Transmission to humans usually occurs through inhalation of contaminated
aerosols from urine, feces, milk, amniotic fluid, placenta, abortion products, wool, or less
commonly by drinking raw milk from infected animals [89]. This broad spectrum of unique
reservoirs and resistance of C. burnetii to environmental factors makes, as mentioned
previously, tracing the source of infection very difficult [91].

Infection with C. burnetii may present clinical manifestations of acute or chronic Q fever, a
disease with a wide spectrum of clinical manifestations, ranging from limited febrile illness,
pneumonia, hepatitis and other forms of infections, such as endocarditis, and
meningoencephalitis [92,93]. The acute Q fever in humans is asymptomatic in almost 60% of
infected people. Among the 40% of symptomatic patients, the majority (38% of 40%)
undergo a mild disease without requiring hospitalization. In symptomatic patients, the onset
is usually abrupt, with high fever, fatigue, chills and headaches. The most frequent clinical
manifestation of acute Q fever is probably a self-limiting febrile disease associated with
intense headache. Atypical pneumonia is also a frequent clinical presentation and clinical
symptoms can vary from asymptomatic pneumonia, diagnosed by chest radiography, and
rarely severe pneumonia resulting in acute respiratory failure. Hepatitis is another common
presentation of acute Q fever detected biochemically by increased levels of aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase.
Hepatomegaly may be clinically detectable, but jaundice is rare [2].

Q fever can be considered chronic with the persistence of clinical manifestations for more
than 6 months after the beginning of the symptoms. It occurs in approximately 5% of patients
infected with C. burnetii and may develop insidiously over months to years after the acute
illness. Patients with cardiovascular abnormalities are at higher risk of developing chronic
infection. Normally, the heart is the organ most commonly involved, followed by arteries,
bones and liver. Endocarditis usually occurs in patients with previous valvular lesions, or
those who are immunocompromised, months or years later, and primarily with the
involvement of the aortic valve [86]. Granulomatous hepatitis with a more protracted course
can also be observed in some patients and the diagnosis is only possible by liver biopsies.
Renal involvement with glomerulonephritis has also been described in Q fever [91,94,95].
Thus, endocarditis, vascular infections, osteoarticular infections, chronic hepatitis, chronic
lung infections, chronic fatigue syndrome, prematurity in pregnancy and abortion are some
of the clinical presentations that result from chronic infection. Coxielemia event results in
permanent production and hence very high levels of antibodies in the circulation.
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The difference in clinical presentation of Q fever can be explained by: (i) the route of
infection by C. burnetii, including aerosol, or gastrointestinal tract, (ii) the dose of inoculation
of C. burnetii, (iii) the variant of infective C. burnetii, and (iv) host factors, including immune
status of the infected patient [2].

In contrast to acute Q fever in human, animal infection with C. burnetii is in most cases so
amazingly asymptomatic. This fact implies that the term coxiellose is considered a more
appropriate than animal Q fever. In animals during acute phase, C. burnetii can be found in
the blood, lungs, spleen and liver, while during the chronic phase C. burnetii is presented as
a persistent release of the organism in feces and urine [96].

The reservoirs of C. burnetii are numerous, including mammals, birds and biological vectors
(ticks). Forty species of ticks or more are naturally infected with C. burnetii, but are not
important in the maintenance of infections in domestic animals and in humans [2]. Coxiella
burnetii multiplies in intestine cells of ticks and a large number of viable organisms are
eliminated through feces. Contaminated leather and wool become vehicles to transmission
to people either by direct contact or through the dry feces, inhaled as dust particles
suspended in the air [96]. Although it appears that wild rodents are an important reservoir,
the most commonly identified source of human infection is farm animals such as cattle,
goats and sheep. Pets, including cats, dogs and rabbits can also be potential sources of
urban outbreaks. It is suspected that cats are a major reservoir of C. burnetii in urban areas.
In Canada, studies have shown that 6-20% of cats have anti-C. burnetii antibodies [86].

Infected animals eliminate C. burnetii through urine, feces and milk products. The
occurrence of infection reactivation in female mammals during pregnancy can result in
abortions in goats and, to a lesser extent, in sheep, and cause reproductive problems in
cattle. C. burnetii is located in the uterus and mammary glands of infected animals. High
concentrations of C. burnetii (up to 10° bacteria per g of tissue) have been found in
placentas, as well as in the milk of infected animals, although this form is probably less
effective in spreading Q fever [2,86,96].

Q fever is a major public health problem in many countries especially in France [97] but also
in Spain [98] and the Netherlands, where more than 3,500 cases were reported in the last
three years [99-103]. Coxiella burnetii is responsible for 5-8% of cases of infective
endocarditis in the south of France and Q fever cases occur in 50 per 100,000 inhabitants in
this area [2,66,90,104,105,106]. More recent data show that throughout the French territory,
the annual incidence of acute Q fever and endocarditis is 2.5/100,000 and 0.1/100,000
persons, respectively [97].

Since the first publication on the emergence of Q fever in the Netherlands, thousands of
cases have been reported [101,107-115] and the study of small ruminants demonstrated that
the same genotype C. burnetii identified in these animals was responsible for the epidemic
of Q fever in the Netherlands [101]. Yet another study, conducted by Klaassen et al. [116],
identified five genotypes of C. burnetii in six patients and six animals from three different
regions of the Netherlands [116]. Based on the Q fever epidemic occurred in the
Netherlands, the application and importance of an efficient surveillance system, aimed at
early identification, has been emphasized [101,113].

The first case of Q fever in Brazil was described in 1953, and, despite being a worldwide

zoonosis, remains neglected. Q fever is not a notifiable disease, perhaps because of the
lack of human and animal clinical histories. Incidence and epidemiology remains unknown
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and the scarce information on the serological evidence in humans and animals is restricted
to the states of Bahia, Minas Gerais, Rio de Janeiro and Sao Paulo [117-123]. The first case
of Q fever in Brazil, confirmed by molecular analysis, was reported in the rural area of
Itaborai, Rio de Janeiro State, in 2008, when the patient reported a contact with products of
goats' abortion [124]. Further study confirmed the presence of the antigen in the milk of
goats and the serum of two dogs that had been fed non-pasteurized milk from these goats,
confirming the origin of the source of infection of the patient [125]. According to Rozental et
al. [126], the occurrence of Q fever in urban areas confirms the need to include its diagnosis
in clinical cases compatible with a history of contact with childbirth or abortion material of
pets like dogs and cats [126].

As with all zoonotic diseases, the animal disease control will influence the level of disease
observed in humans. Appropriate strategies of tick control and good hygiene practices can
reduce environmental contamination. Fluid and foetal membranes infected, aborted foetuses
and contaminated bedding materials should be incinerated or buried after disinfection.
Furthermore, manure must be treated with lime or calcium cyanide 0.4% before being
spread on the fields, which must be done in the absence of wind to prevent the spread of the
microorganism over long distances. Treatment of animals with antibiotics may be performed
to reduce the number of abortions and the releasing C. burnetii in offsprings. Although it can
be expensive, infected animals should be removed from or placed in confinement herds
separated at birth. Workers from the animal industry should be fully informed about the risk
factors for contracting Q fever and laboratories should be provided with adequate safety
devices and equipment [96].

In relation to animals, the antibiotic treatment using tetracycline during the last month of
pregnancy can reduce the number of abortions and the number of released C. burnetii in
offspring. The efficacy of this treatment has never been assessed accurately but has not
been proven to prevent abortion or completely eliminate the release of C. burnetii in new-
borns [127]. Similarly, regular pasteurization at 72°C for 15 seconds or sterilization of milk
from infected flocks is recommended, even though oral is not the major route of transmission
of C. burnetii [128].

As it has become clear above, the main characteristic of Q fever is its clinical polymorphism,
and thus diagnosis can only be made by systematic tests. Clinically, it is likely that factors
such as the route of infection and the size of the inoculum determine, in humans, the
expression of infection by C. burnetii. In fact, the airway is associated with pneumonia, and
the gastrointestinal tract with hepatitis [96], while high inoculations are associated with
myocarditis [2].

With respect to laboratory diagnosis, Q fever may be detected by serological or molecular
methods as well as isolation and histopathology associated with immunohistochemistry
techniques. In cases of acute Q fever, antibody levels of phase Il are usually higher than
those of phase |, often by several orders of magnitude, and usually are first detected during
the second week of infection. In the chronic phase the situation is reversed and antibodies to
phase | antigens of C. burnetii have higher titres, requiring long time to appear and thus
indicate continued exposure to the bacteria. In this context, high levels of antibodies to
phase | samples later on, in combination with constant or falling levels of phase Il antibodies
and other signs of inflammatory disease may suggest chronic Q fever. It is known that
antibodies against antigens of phase | and Il persist for months or years after initial infection
[2,96]. Since the clinical diagnosis is difficult, in most cases the diagnosis of Q fever depends
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on serological tests. A variety of serological techniques are available, but the indirect
microimmunofluorescence test became the reference technique [96].

A real-time PCR assay for the detection of C. burnetii DNA in serum samples, targeting the
IS1111 transposase sequences (also known as htpAB-associated repetitive element) [129],
was used in the Netherlands and in Brazil to diagnose acute Q fever early in infection to
avoid delay in treatment that can lead to increased hospital admission rates and prolonged
morbidity. Researchers found the latest time point after onset of disease in which C. burnetii
could be detected by PCR of serum samples was day 17 [126,130]. During the last years,
several PCR-based diagnostic assays were developed to detect C. burnetii DNA in cell
cultures and in clinical samples. These assays used conventional PCR, nested PCR or real-
time PCR conditions with Light-Cycler, SYBR Green or TagMan chemistry [96,131]. The
Light-Cycler Nested PCR (LCN-PCR), a rapid nested PCR assay that uses serum as a
specimen and the Light-Cycler as a thermal cycler, targeting a multicopy 20-copy htpAB-
associated element sequence, has been adapted for the diagnosis of both acute and chronic
Q fever [96,132]. The LCN-PCR assay may be helpful in establishing an early diagnosis of
chronic Q fever [90, 96]. Due to its high sensitivity and specificity, the repetitive element
IS1111 is the best target gene for the detection of C. burnetii in patients with active Q fever
[132], although the complete sequences of the genome of C. burnetii have recently become
available, allowing a large choice of DNA targets.

Recently developed techniques such as MLVA and SNP typing have shown promise and
improved the discrimination capacity and utility of genotyping methods for molecular
epidemiologic studies of this challenging pathogen [133].

Initial typing systems described were based on plasmid types. Restriction fragment length
polymorphisms (RFLP) were analyzed with SDS-PAGE, pulsed-field gel electrophoresis
(PFGE), and sequence studies of single genome targets like 16s/23s, com1, mucZ, and icd.
They showed different levels of discriminatory power and epidemiological significance, but
all suffered with problems of inter- and intra-laboratory reproducibility, hampering their
widespread use [133]. Other techniques that are used for plasmid typing (four different
plasmids QpH1, QpRS, QpDV, and QpDG are utilized) include Multispacer Sequence
Typing (MST), a method based on the analysis of the intergenic regions of genomes, Single
Nucleotide Polymorphism (SNPs), Infrequent Restriction Site-(IRS)-PCR, Microarray-Based
Whole-Genome Comparisons/Typing and the IS77177-insertion sequence, coding for a
transposase seen in up to 56 copies in C. burnetii genomes [133].

6. ALTERNATIVE AND NOVEL APPROACHES TO BACTERIAL DETECTION
6.1 Bacterial Imaging

One method that has been growing in the detection of bacterial infections is the use of
imaging. This has been achieved by the use of various imaging techniques and includes
nuclear medicine approaches, nuclear magnetic resonance (NMR), optical probes,
fluorescent and near-infrared imaging. A number of probes have been developed for the
imaging of inflammation, including labelled monoclonal and polyclonal antibodies, cytokines,
liposomes, leucocytes, antimicrobial peptides and antimicrobial agents among others
[134,135]. The advantage of using nuclear medicine approaches is the differentiation
between bacterial and viral infections, or inflammation due to infection with microbial
pathogens (bacteria, fungus etc.) and inflammation due to immune response where no
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microbial invasion is present, as is the case for example in autoimmune disorders [135]. This
is achieved through the radiolabelling of antibiotics or other antimicrobial agents and their
subsequent use as imaging agents. The advantage of using labelled antimicrobial agents as
the localising agent for infection is the selective toxicity of these agents for microbial rather
than human targets and the ability to bind selectively to those, offering the potential to rapidly
distinguish a particular type of infection and differentiate it from others, thus influencing
clinical decisions and therapeutic approaches [135]. Various antibiotics of broad-spectrum
activity have been labelled to date, all or most of them with the radionuclide technetium 99m
(99"’Tc), a radionuclide widela/ used in nuclear medicine. These antibiotics include
ciprofloxacin (also known as g"‘Tc-lm‘ecton), sparfloxacin, enroflaxacin and ceftizoxime.
Other agents used in bacterial imaging that are not antibiotics include gg"‘Tc—ubiquicidin, a
cationic  synthetic peptide [136,137] and ['®l] FIAU 1-(2°-deoxy-2 -fluoro-b-D-
arabinofuranosyl)-5-['*I] iodouracil, a substrate for bacterial thymidine kinase present in
most bacteria [138,139].

Magnetic resonance imaging (MRI) is another imaging technique that offers the ability to
visualise in real time the bacterial infections in vivo and study the impact of antibiotics on the
bacterial proliferation and viability. The majority of MRI applications are in the detection of
bacterial-associated conditions, such as bacterial meningoencephalitis [140], bacterial
pyomyositis [141] or bacterial abscesses [142]. However, labelling of MRI probes has led to
the development of MRI imaging directly for bacteria. Thus, Bifidobacterium longum and
Clostridium novyi-NT were labelled with super paramagnetic iron oxide nanoparticles and
they were subsequently followed by MRI [143]. Similarly, P. aeruginosa was labelled with
green fluorescent protein (GFP) and was followed in vivo with magnetization transfer
contrast MRI with excellent results, as it was shown able to be used to track bacterial
proliferation and potentially gene expression in vivo [144].

Optical imaging of bacterial infection has also been developed, but it is primarily focused on
the use of generic reporters, such as light-emitting enzymes (luciferase) and fluorescent
proteins such as GFP. However, more specific probes offer the advantage of specific
bacterial recognition. As molecular probes, in similar approaches to those described in
nuclear medicine techniques, antibodies, sugars, bacteria-binding peptides and antibiotics
have been used with varying results. In addition, a synthetic zinc (Il) dipicolylamine (Zn-
DPA) coordination complex has been used as affinity group in bacterial imaging studies
labelled with a carocyanine dye. The complex has been able to stain the periphery of both
Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria,
giving clear images of the infection site and with no obvious side effects to the host. This
technique would be easy to use and could have applications in infections at sites within the
tissue penetration limit of the NIR light, such as skin, throat, urinary tract etc. Furthermore,
altering the probes could offer more specific bacterial imaging [145].

Bacterial imaging has already been used in the area of rickettsioses, and in particular in the
diagnosis of bartonelloses and cat scratch disease (CSD). It is known that ocular
manifestations occur in 5%-10% of patient with CSD and several imaging modalities can be
used to assist in the diagnosis and management of ocular CSD. They include colour fundus
photography that allows the clinician to monitor the fundus changes in this disease,
fluorescein angiography that demonstrates leakage at the optic nerve in CSD neuroretinitis
and optical coherence tomography to provide confirmation in early stages of neuroretinitis
before the formation of a macula star [146].
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6.2 Bacterial Identification using Spectroscopic and Spectrometric
Techniques

Mass spectrometry has found a number of applications in the identification of bacteria. Some
have been used coupled with molecular biology techniques for bacterial typing [147,148],
whilst others have been used for the detection of pathogens. MALDI time of flight (TOF)
mass spectrometry can offer a robust automated methodology for bacterial analysis, based
on the detection of patterns of protein masses and potentially genotyping of single nucleotide
polymorphisms for additional accuracy of identification [149].

Eshoo et al. [150] developed a multilocus PCR and electrospray ionization mass
spectrometry (PCR/ESI-MS) method for the detection of bacterial tick-borne pathogens,
including Ehrlichia and Anaplasma, in blood specimens. The role procedure of PCR/ESI-MS
assay can be completed within six hours. The assay employs 16 primer pairs, including four
broad-range primer pairs targeting the 16S and 23S genes of all bacteria. The other primers
were selected based on their coverage groups of known tick-borne bacteria. Following PCR,
the amplicons are analysed in an electrospray ionization mass spectrometer. Two hundred
and thirteen clinical specimens from suspected ehrlichiosis patients were included in the
study. This demonstrated the ability of PCR/ESI-MS to correctly diagnose the pathogen
responsible for ehrlichiosis and identify it to species level [150].

Fourier transform infrared (FTIR) spectroscopy is another spectroscopic technique that has
found extensive use in bacterial detection. It has been used for bacterial analysis since the
1980s, and a lot of different types of bacteria have been investigated by FTIR, including
Listeria, Bacillus, Staphylococcus, Clostridium, E. coli and Lactobacillus [151]. The authors
presented the differential discrimination of Listeria innocua, Listeria welshimeri, Escherichia
coli K12, Escherichia coli ATCC 29181, Salmonela cholerasuis, Salmonella subterranean,
Enterobacter sakazakii and Enterobacter aerogenes. They have managed to accurately
identify the microorganisms, even in complex backgrounds containing other bacterial
populations, and differentiate bacteria even within the same genotype independently of
growth phase [151].

Several groups have been specialising on the FTIR detection of pathogens and bacteria in
particular. Such works were characterised by the detection and characterisation of particular
molecular groups of the bacteria, such as lipopolysaccharides from E. coli strains [152], to
the identification of bacteria such as E. coli O157:H7 and Salmonella typhimurium [153].
Additionally, bacteria have been detected by FTIR in complex media, such as E. coli
0157:H7 in fruit juices [154], ground beef [155] and Salmonella enterica serovars in chicken
breast [156].

In addition to the ability to differentiate between different bacterial cells in complex
environments, FTIR has provided the possibility to identify treated and un-treated, or live and
dead cells of the same bacteria [157]. Bacterial typing and subtyping at the haplotype level
has also been described for Listeria monocytogenes [158] and E. coli O157:H7 isolates
[159]. Finally, FTIR detection has been used in sensor development [160,161], amongst a
number of other detection techniques, some of which will be briefly mentioned below on the
biosensor section for bacterial detection.

FTIR remains a promising methodology that could be of interest in the detection of

rickettsiosis, but so far it has been limited to applications in food borne pathogens. However,
wider exploitation of this methodology could also offer a rapid and accurate detection and
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typing methodology. Detection limit mentioned is 4.8-5.8 log CFU/ml. (about 100,000-
500,000 bacteria/ml), when upper acceptable limit for bacteria in milk is 200.000/ml. That
would, for example be of potential interest in the detection of Coxiella in milk.

6.3 Microarrays

One interesting approach to bacterial detection, and rickettsial detection in particular, that
may offer differential diagnostic and simultaneous analysis of various samples, could be with
the use of microarrays. A number of microarrays have been developed so far, based on the
printing of a recognition element on a slide and subsequent detection of a signal. The
recognition element can be protein, antibodies, carbohydrates or nucleic acids and different
types of arrays have been resulted from the use of the above elements, with different scales
of success. Thus, carbohydrate arrays have been described [162], where five different
aminofunctionalised monosaccharide derivatives have been printed onto glass slides and
the specific binding of fluorescently labelled E.coli ORN178 to mannose was observed.
Furthermore, the array was shown to be able to differentiate between different strains of E.
coli with differential affinity to mannose, and a detection limit of 10°-10° cells. On a similar
approach, Wang et al. [163] have developed a carbohydrate microarray with 48 microbiol
polysaccharides for the specific recognition of carbohydrate-binding antibodies in the serum
of patients. They were able to identify the particular type of infection based on the detection
of patient antibodies with unique affinity for a specific pathogen polysaccharide, and with this
methodology they successfully identified infections from E. coli and Pneumococcus and can
be extended to a number of other pathogenic bacteria [163].

A similar, but somewhat reverse approach is the use of microarrays with lectins, to capture
specific carbohydrate chains on the surface of bacterial cells. Most pathogenic bacteria
possess cell surface polysaccharide or lipopolysaccharide shells, with crucial functions for
their protection from the immune system and host invasion. Exploiting the natural affinity of
lectins for bacterially expressed polysaccharides, lectin microarrays have been produced
and utilised for bacterial detection. Lectins have been printed on glass slides and incubation
with fluorescently labelled bacteria offered profiling of the diverse glycan structures
[164,165,166] according to the specific binding of lectin to the lipopolysaccharide. As
bacteria can specifically and reproducibly bind to certain lectins, such arrays can offer the
potential to specifically differentiate bacterial species, or strains of the same bacterium with
differential affinities to the specific lectin [164,167].

Protein microarrays have also been reported and, using antibodies as recognition agents,
microarrays were able to detect E. coli and Renibacterium Salmoninarum [168]. One of the
important characteristics of this work was the signal detection by scanning probe microscopy
(SPM), whose high resolution imaging demonstrated the high binding selectivity of the
antibodies for the specific bacteria, compared to signal from non-specific, control ones [168].
However, the most widely applied microarrays remain DNA microarrays. This has been
primarily due to the technological developments that allow synthesis of oligonucleotides on
the surface of the array directly and high-density printing. A number of commercial arrays
are currently available, such as those available from Agilent, which allow up to a million
oligonucleotide probes printed on a single slide. Other commercially available arrays include
those from Affymetrix, NimbleGen, CombiMatrix, Oxford Gene Technologies, etc. Bacterial
detection based on oligonucleotide arrays has been an active field of research and
development for more than one decade, with reports of bacterial detection of a conserved
bacterial gene in 2001 [169], species identification [170] and genotyping of bacterial
pathogens using epidemiological markers [171-173].

163

128




International Journal of TROPICAL DISEASE & Health, 4(2): 147-181, 2014

Oligonucleotide arrays have been used in bacterial detection in a number of formats and for
a number of applications. In rickettsial diseases, there has been use of microarrays in two
different forms. First of all, based on the whole genome sequence of R. prowazekii, the
Rickettsial Diseases Division of the U.S. Naval Medical Research Center constructed the
first rickettsial microarray with all predicted ORFs. The genomic compositions of virulent
strain and attenuated strain were studied by co-hybridization on this DNA microarray [174].
They have also deposited a patent for the detection and diagnosis of R. prowazekii infection,
but this time by measuring the increased or decreased expression of specific human genes
following infection, using DNA microarrays and PCR. This method permits the detection of
the rickettsial infection and diagnosis of epidemic typhus earlier than other available
methods [175]. Another DNA array for R. prowazekii has also been generated, which was
the first DNA microarray for the analysis of global gene expression changes in R. prowazekii
under stress conditions [176]. In addition to R. prowazekii, other Rickettsia microarrays are
available based on rickettsial genomic information. The Rickettsia Genome microarray from
Agilent Technologies, comprising probes specific to all genes and spacers from R.
prowazekii, was used by Bechah et al (2010) for the genomic, proteomic and transcriptomic
analysis of R. prowazekii [177]. The genome of R. rickettsii str. ‘Sheila Smith’ has also been
provided and used for the development of a database containing 3205 oligonucleotides that
represent the R. rickettsii ‘Sheila Smith’ transcriptome [178]. Within the same database for
pre-designed oligonucleotide microarray probes, available to the research community, are
included the sequences for specific strains of R. rickettsii, R. africae, R. akari, R. bellii, R.
canadensis, R. conorii, R. felis, R. massiliae, R. peacockii, R. prowazekii, and R. typhi[178].

Finally, even this very year there has been a further development in bacterial detection by
microarrays by Ballarini et al. [179] with the creation of the BactoChip microarray. Whereas
the majority of microarrays use the 16S rRNA gene for diagnosis, the BactoChip uses 60-
mer probes against an in silico identified set of genes. In so doing, BactoChip has been able
to distinguish successfully among bacterial species from 21 different genera and determine
the species-level relative abundances of 37 clinically relevant bacteria in complex bacterial
communities and with a low detection limit of 0.1% [179]. Although "rickettsias sensu lato"
are not included in this microarray, it is only a matter of time until an array containing
rickettsias, either alone or amongst other bacteria with similar clinical manifestations, is
created.

Apart from changing the probes on the microarrays and using a variety of molecules that
have affinity for different bacterial parts, or using oligonucleotide probes against bacterial
genes, there is significant development on signal detection and enhancement. The majority
of microarrays are based on fluorescent detection. However, we already saw above the use
of SPM for improved signal detection [168]. Other such techniques for improved detection
include Resonance-Light Scattering (RLS), Planar-Waveguide Technology (PWT) [180],
Infrared detection [181,182] and electrical or electrochemical detection [183].

6.4 Biosensors

Biosensor technology holds great promise for the health care market, environmental
diagnostics, the food industry and the veterinary sector; harnessing the specificity and
sensitivity of biological-based assays packaged into portable and low cost devices which
allow the rapid analysis of complex samples in out-of-laboratory environments. Numerous
biosensors have been described for bacterial identification, based on a number of detection
technologies and recognition elements. Thus, bacterial sensors have been characterised
based on their transducer properties, which include surface plasmon resonance (SPR),
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amperometric, potentiometric, and acoustic wave sensors [184]. These sensors have been
independently reviewed in Zourob, Elwary and Turner (2008) [185] in individual chapters,
including SPR [186], Evanescent Wave-based Fluorescent biosensors [187], Fiber Optic
biosensors [188], Integrated Deep-Probe Optical Waveguides [189], Interferometric
biosensors [190], Luminescence sensors [191], Porous and planar silicon sensors [192],
Acoustic wave biosensors [193], Amperometric biosensors [194], Field Effect Transistors
[195], Impedance-based sensors [196], Molecular Nanowire transducer-based sensors
[197], Magnetic sensors [198], Cantilever sensors [199], Raman spectroscopy [200], and
others.

The main biological sensing materials used in biosensor development are the couple
antibody/antigen [201]. Yet, a number of other recognition elements are currently used,
which include nucleic acid diagnostics [202], aptamers [203], molecularly imprinted polymers
[204], phage display methods [205], bacteriophages [206,207]. An excellent representation
of bacterial sensors and a review of progress of bacteriophage use in bacterial sensors are
presented by Singh et al. [208], where the majority of types of sensors, including that of
nucleic acids and antibodies are presented, in addition to bacteriophages, and tables of
sensors available for specific microorganisms. Part of nucleic acid based sensors utilise a
number of the techniques available in common molecular detection assays, such as PCR or
real-time PCR amplification and subsequent detection of amplification products, but in a lab-
on-chip format with integrated microfluidic platform systems and various
transducer/detection methodologies, reviewed by Lui et al. [209].

There have not, as yet, appeared specific sensors for rickettsial diseases in the literature.
However, a number of the currently available sensor methodologies would apply to the
detection of rickettsias as well as the organisms they were originally designed for, or have
used as exemplars. To that effect, a number of patents on sensor development for bacterial
detection have already included rickettsias in their list of pathogenic organisms potentially
detected by the patented sensor technology. Two such examples are the design of
electrochemical sensors including electrode systems with increased oxygen generation
[210,211], where the invention describes the development of systems and methods for
electrochemical analyte detection based on increased oxygen generation. Though the initial
idea is to measure glucose, the patent proposes to cover a number of other ‘contemplated
analytes’, one of which is rickettsia. In a similar case, a transcutaneous analyte sensor is
described by Brister et al. [212], for measuring analytes in a host. In that invention, it is
specified that the analyte is used in a broad sense, to include, without limitation, reaction
products, naturally occurring substances, artificial substances, metabolites and/or reaction
products and it subsequently specifies an extensive, but not limiting list of chemicals,
products and microorganisms that the sensor could be applied for, including rickettsia, and
thus protecting the use of such sensors in rickettsial diseases.

There are, however, two specific references to rickettsial pathogen detection. One is on a
document from the US Office of Scientific and Technical Information (OSTI) of the
Department of Energy (DOE), where Andy Hatch describes the development of the first
ultrasensitive microanalytical diagnostic method for rickettsial pathogens [213]. In the
published summary of his report, he states the use of in situ polymerised porous polymer
monoliths as size exclusion elements for capture and processing of rickettsial infected cells
from a sample and as a photopatternable framework for grafting high densities of
functionalised antibodies and fluorescent particles. With this, they have achieved selective
capture and identification of bacterial cells with at least an order of magnitude improvement
in the detection limits of currently available methodologies and reduced detection times
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[213]. The second direct reference to the development of rickettsial sensors is again from the
US, with the award of a programme for the development of ‘Handheld Aptamer-Magnetic
Bead-Quantum Dot Sensor for Rickettsiae’ from the US Department of Defence (Small
Business Innovation Research SBIR website) [214]. In this programme, they have proposed
to use a previously developed sensor format for Campylobacter jejuni developed by
Operational Technologies, that uses a rapid and ultrasensitive one-step plastic adherent
DNA aptamer-magnetic bead plus aptamer-quantum dot sandwich assay to detect the
bacteria in a handheld battery operated fluorimeter sensor that can be operated under field
conditions. The group has now proposed to develop aptamers against a mixture of isolated
rickettsias and substitute those used for the Campylobacter detection on the same sensor.
No further data have been found to date regarding the outcome of this project.

The existence of these two efforts clearly demonstrates the applicability of sensor
development for rickettsial diseases and it may prove to be a practical route to an
economically viable and rapid diagnostic approach that would offer definitive response
without the need for extensive laboratorial work and long waiting times for patient immune
response, at least as a first approach, prior to confirmation by molecular techniques.

6.5 Aptamers

Aptamers offer an interesting and promising new approach for the detection of bacteria and
the development of new assays that could offer a more rapid and accurate detection. They
are, in effect, recognition elements that can be selected against any target of interest,
bacterial proteins, DNA or entire bacterial cells, and be integrated into any of the potential
new methodologies described above. Thus, aptamers have been used in molecular imaging
techniques, labelled with radionuclides [215,216] for the diagnostic imaging of disease.
Similarly, aptamers have been used in a number of microarray formats and in conjunction
with various detection methodologies. For example, RNA aptamers have been used in
conjunction with enzymatically amplified surface plasmon resonance imaging for the
detection of protein biomarkers [217]. Similarly, aptamers have been used in microarrays for
the capture of biomarkers in serum to be analysed and identified by Mass Spectrometry
[218]. Aptamers have also been described in biosensor applications, as seen earlier on [203,
219]. In addition to their use in such more novel approaches to detection, they have directly
substituted antibodies in more traditional approaches, such as ELISA, and have been used
in conjunction with antibodies in sandwich ELISAs [220] and in the bacterial detection of
Francisella tularensis in what is described as an aptamer-linked immobilized sorbent assay -
ALISA [221].

Aptamers have been utilised extensively in the development of sensors for bacterial
detection and there is an extensive list of bacteria that have been used as targets of
aptamers and aptamer sensor development for detection and bacterial typing. Some
examples include Salmonella species [222-224], E. coli [224,225], Staphylococcus aureus
[224,226], Bacillus anthracis and Bacillus thuringiensis [227], Pseudomonas aeruginosa
[228], Listeria monocytogenes [229], Francisella tularensis [221], among others.

Despite the number of bacterial targets, both those used in diagnostic sensor development,
as those mentioned above, and others used in the development of riboswitches, there have
not been as yet any aptamers reported against rickettsias. However, B. henselae has been
used as negative control, to show that aptamers were specific for F. tularensis but they did
not bind to the related Bartonella [221] and, finally, they have appeared as the target in the
development of the first rickettsial sensor by Jonh Bruno [214]. And as aptamers can be
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applied in a variety of formats and can substitute antibodies in the more established and
well-accepted ELISA and immunofluorescence assays, as well as in the variety of sensor
development and microarray approaches, they show a great promise for bacterial diagnosis
and detection of rickettsial infections in particular.

7. CONCLUSION

It is a big challenge for clinicians to offer an accurate diagnosis of rickettsial diseases during
the early phase of infection. The gold standard serodiagnostic, immunofluorescence assay,
is usually retrospective. The sensitivity of this method range from 84 to 100%, but it is limited
by cross-reactivity. Antibodies increase takes more than 10 days, thus limiting the clinical
impact of diagnosis. The isolation of rickettsia organisms in cell culture also take several
days. Besides this, laboratory facilities with biosecurity level 3 are required. Molecular
methods, based on PCR, for the diagnosis of human rickettsiosis allow rapid detection at the
acute phase of infection and identification of bacterial species, even in small amount of the
agent. Multiplex or Real-Time PCR can combine the detection of two or more agents of tick-
borne infection into a single diagnostic test. Blood, serum, autopsy tissue fragments and skin
biopsies specimens can be used as clinical samples to detect the rickettsial infection in
molecular methods. The sensitivity of molecular method assays is linked to time of collection
of clinical samples, the rickettsiemia level and is limited by the use of antibiotic therapy.

Various new approaches to the traditional assays have offered improvements to serologic
and molecular diagnostic methods, which prove to be more sensitive than previous
conventional methods. Thus, a novel enrichment liquid culture medium promotes the growth
of Bartonella species in a shorter period, increasing the bacterial detectable level for PCR
detection. The test double amplification (nested PCR), when compared with culture and
simple PCR, is a more sensitive and faster method to detect bacteremia in both humans and
animals. The use of combined approaches is also often necessary to minimize the chance of
negative false results. Emphasizing that there is no gold standard for the diagnosis of
bartonellose and the difficulty of detecting bacteremia caused by Bartonella spp. increases
the need to use different and complementary methods to increase the sensitivity and
accuracy of diagnosis.

Various novel methodologies have for a long time being developed by research laboratories
on the area of biosensors, microarrays, imaging methods or spectroscopic techniques, but
most of them have not yet made it to the market, or at least they have not been accepted as
techniques used in reference laboratories worldwide. According to Jeanne Moldenhauer
[230], industry has been reluctant to follow scientific and technological advancements in the
development of rapid/alternative microbiological methods due to two major reasons. One
was the concern that regulators would not recognise or accept these methods in place of
traditional methods. The other was that companies would not be allowed to change test
limits based upon the test method, i.e. they would use a superior method that was likely to
detect more organisms and not be allowed to adjust the limits to accommodate for the
sensitivity of the new method [230]. Yet, it is likely that these inhibitions will necessarily be
overcome, due to the limitations to current methodologies. Thus, DNA and aptamer
microarrays could offer simultaneous detection of multiple parasites with similar broad
clinical manifestations, and thus avoid misdiagnosis and wrong treatment, often detrimental
for the patient. Similarly, direct ELISA or ALISA (aptamer-based ELISA type assay), if
available, could eliminate the time necessary in rickettsioses for the detection of patient
antibodies, and the need for double measurements to confirm infection. Finally, biosensor
and aptasensor technologies could offer the possibility of early detection with cheap and
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approachable diagnostic assays at the clinic or the field, rather than the need for all material
to be analysed only at national reference centres. Thus, aptamers and sensor technologies
that are currently in development could play a pivotal role in the detection and early
treatment of rickettsial disease, thus significantly reducing the death toll associated with
these infections and contributing to public health improvement.
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ABSTRACT
Aptamers are short synthetic oligonucleotides that specifically bind to various molecular targets with high affinity and
selectivity. Aptamers have found two main applications in bacteriology, diagnosis in various sensing applications and
riboswitches. Rickettsiosis are diseases caused by rickettsias ‘sensu lato’” including spotted fever, typhus, anaplasmosis,
ehrlichiosis, bartonellosis and Q fever. Traditional methodologies for the diagnosis of diseases associated with
rickettsias ‘sensu lato’ are based on serological testing, bacterial cultures and molecular assays. However, an increasing
number of novel technologies, including aptamer-based diagnostic sensors, are now on the horizon, opening up
possibilities for earlier diagnosis and more sensitive assays. This perspective looks at the contribution of aptamers to

rickettsias ‘sensu lato’ diagnosis, providing information on the ‘state of the art’ in this emerging field..
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INTRODUCTION

Significant advances in detection and clinical
diagnosis of bacterial disease have been achieved in
the last decade and have opened the path for future
developments (Zourob et al 2008). However, many
bacterial diseases remain misdiagnosed and, despite
advances in antibiotics and the availability of curative
interventions, they can often lead to serious conditions
and death, with diagnosis being made only retrospectively.
One such group of bacteria, where methods for accurate
and early diagnosis remain necessary are the “rickettsias
sensu lato”, here referred to as proteobacterias historically
included in the Rickettsiaceae family, before phylogenetic
investigations that placed Coxiella and Bartonella genus
in other taxonomic subdivisions (Brenner et al 1993),
(Maurin & Raoult 1999).

Various diseases are attributed to “rickettsias
sensu lato”, including spotted fever group rickettsiosis
(SEGR), typhus group (TG), typhus transmitted by cat
fleas, varicelliform rickettsiosis, ehrlichiosis, bartonellosis
and Q fever, transmitted by arthropods like mites, ticks,
lice and fleas, and found in many parts of the world.

Rickettsiosis, especially SFGR, are often
misdiagnosed as other endemic diseases, such as dengue
or leptospirosis in tropical countries and this can have

* Corresponding author.
E-mail address: elemos@ioc.fiocruz.br

serious or fatal results. This is due not only to the
similarity of symptoms with other common endemic
diseases, but also to the nature of the diagnostic assays
currently employed as gold standards in the diagnosis of
these conditions.

Thus, in this perspective, we look at the current
diagnosis of “rickettsias sensu lato”, including, besides the
genus Rickettsia, the Ehrlichia, Anaplasma, Bartonellaand
Coxiella genus with a focus on the potential applications
of aptamers in this field.

Aptamers in bacterial diagnosis

Aptamers are a relatively novel modality that
permits recognition of almost any analyte of interest, as
they are not based on selection in vivo, like antibodies,
though they can have similar affinities and specificities to
those of antibodies, but much higher than those observed
by other reagents selected by combinatorial methods,
such as peptides.

Very few aptamers have been described to
date as antibacterial agents, such as those capable of
binding to, identifying and/or neutralizing Bacillus
anthrax (Vivekananda & Kiel 2003), a highly pathogenic
bacterium that is relatively simple to produce and
distribute in the field, but hard to identify and neutralize,
as methodologies for that remain scarce. DNA aptamers,
capable of binding and inhibiting bacterial tubercle
infection, have also been described (Xiaolian & Fan
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2008), as well as aptamers against cytolysin toxin of
enterococci (Morrissey & Haeberli 2003), Bacillus cereus
(Kim et al 2009) and Salmonella (Kolovskaya et al 2013).
However, the prohibitive cost of aptamers in comparison
to traditional antibiotics limits their applicability in
this field, except where antibiotic resistance or lack of
adequate antibiotics make them the preferred choice.

Nevertheless, aptamers have found a number
of diagnostic applications in bacteriology, in addition
to various applications of riboswitches. The diagnostic
applications cover not only a number of different bacterial
targets, presented in table 1, but also a number of different
methodologies for bacterial sensing. Thus, aptamers have
been selected and used in the diagnosis of Salmonella, E.
coli, Staphylococcus, Campylobacter, Listeria and others
(Table). Equally, they have been used in a number of
different diagnostic modalities, ranging from enzyme-
linked immunosorbent assay (ELISA), aptamer-
linked immobilized sorbent assay (ALISA), fibre-optic
biosensors, various types of fluorescence detection-
based assays, chemiluminescence, electrochemical,
potentiometric and impedimetric sensors (Table).
Finally, aptamers have been used in a number of other
applications with the potential for bacterial detection,
such as microarrays, although they have not been
employed for this specific purpose to date.

Table: Bacteria detected using aptamers with the relevant
references

Reference
Labib et al 2012, Hyeon et al 2012

Maeng et al 2012, Duan et al 2012,
Joshi et al 2009

Maeng et al 2012, Aguirre et
al 2012, Li et al 2011, Zelada-
Guillén et al 2010, Bruno et al
2010, , Lee et al 2009, So et al 2008

Maeng et al 2012, Duan et al 2012,
Cao et al 2009

Cao et al 2009, Bruno, Kiel 1999

Bacteria

Salmonella enteritis

Salmonella typhimurium

Escherichia coli

Staphylococcus aureus

Bacillus anthracis

Bacillus anthracis spores,
Bacillus thuringiensis spores,
MS-2 bacteriophage,
ovalbumin,
botulinum neurotoxina

Cao et al 2009

Bacillus thuringiensis Cao etal 2009, Ikanovic et al 2007

Pseudomonas aeruginosa Wang et al 2011
Campylobacter jejuni Bruno et al 2009
Listeria monocytogenes Ohk et al 2010

Gnanam et al 2008
Vivekananda, Kiel 2006

Burkholderia pseudomallei

Francisella tularensis

Thus, although aptamers have not yet appeared
in any assays that are considered as gold standards of
laboratory practice, they have already shown powerful
potential in bacterial diagnosis and, where current
protocols are inadequate or retrospective, aptamers will
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undoubtedly fulfil their promise as reagents of high
applicability.

Rickettsiosis sensu lato and their diagnosis in
humans

Rickettsiosis “sensu lato” are zoonosis caused
by a-proteobacteria of the subgroup 1 (Rickettsia and
Ehrlichia), a-proteobacteria of the subgroup 2 (Bartonella)
and y-proteobacteria (Coxiella burnetti). Although all the
above species initially belonged to the order Rickettsiales,
family Rickettsiaceae, they are now reorganised and
considered as individual families of bacteria. The family
Bartonellaceae, as well as Coxiellaceae, were removed
from the order Rickettsiales, which now includes two
families, the Anaplasmataceae and Rickettsiaceae.
However, they are often all still studied within the field
of rickettsiology and for the purpose of this perspective
we will consider them together, particularly due to the
many common characteristics they present, both in the
way they are transmitted and in many of the symptoms
they cause (Brenner et al 1993, Maurin & Raoult 1999).

Members of the genus Rickettsia may be classified
into four groups: (i) typhus group (TG), which includes
R. typhi and R. prowazekii; (ii) spotted fever group (SFG),
with more than 25 different species including R. rickettsii,
R. conorii, and R. parkeri; (iii) ancestral Rickettsiae
group, which includes R. bellii and R. canadensis and (iv)
transitional group, with R. akari, R. autralis and R. felis.
The clinical features of these rickettsiosis consist of an
acute undifferentiated febrile illness, often accompanied
by headache, myalgia and nausea, and a maculopapular
or vesical rash may be observed a few days after the onset
of illness. Rickettsiosis caused by R. conorii, R. africae and
R. parkeri present eschar and tender lymphadenopathy.
SFGR and epidemic typhus are usually associated with
more severe symptoms and high mortality in the absence
of specific treatment, while endemic typhus is less severe
and rarely fatal (Fenollar et al 2007, Fuxelius et al 2007,
Valbuena & Walker 2009).

The infection can be diagnosed in a number
of different ways; each approach has its advantages and
its limitations. The specific laboratory confirmation
could be either detection of specific antibodies by
serologic tests, of DNA by Polymerase Chain Reaction
(PCR), demonstration of the organism in cell culture or
histopathology associated with immunohistochemistry
techniques. Rickettsial antibodies can be detected
by complement fixation, latex agglutination, ELISA
and immunofluorescence assay (IFA). IFA is the gold
standard for serological diagnostic of rickettsiosis and
the diagnostic criteria of recent infection by IFA test
are either a 4-fold increase of immunoglobulin IgG
or IgM titers in paired samples. The main limitations
with serological diagnosis include a usually negative
result in the acute phase and an inability to distinguish
among various rickettsial species. PCR targeting various
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rickettsial genes has been developed, usually targeting
citrate synthase gene (gltA), gene D sca4, surface cell
antigen 1 (scal), surface cell antigen 4 (sca4), the 17kDa
surface antigen gene, and genes for outer membrane
proteins A and B, ompA and ompB (sca5) (Prakash et al
2012).

Ehrlichia and Anaplasma species cause human
monocytic ehrlichiosis (HME) and human granulocytic
anaplasmosis (HGA), respectively, are transmitted
through the bite of an infected tick vector. Clinical
presentations of HGA and HME are similar and
nonspecific. Fever is followed by headache, myalgias
and arthralgias. A rash may be present in 10-30% of
cases of HME, but is uncommon in HGA. Laboratory
confirmation can be carried out using microscopy for
visualisation of bacterial inclusions, mammalian cell
culture and IFA. The greatest limitation of IFA is the
need of a pair of serum samples from both acute and
convalescent stages of the illness. In addition, PCR
is currently considered as the most sensitive tool for
detecting these proteobacteria during acute infection,
targeting primarily the rrs (165 rRNA) and groESL (heat
shock operon) genes (Koebel et al 2012).

Besides Bartonella bacilliformis, the agent of
Oroya fever and verruga peruana, Bartonella genera have
also been recognized as important agents causing human
disease, including, among others, B. henselae, B. quintana
and B. elizabethae, thatare associated with awide spectrum
of clinical manifestation, such as cat scratch disease,
bacillary angiomatosis, bacillary peliosis, bacteremia,
endocarditis, recurrent fever, fever of unknown origin,
psychiatric disorders, lymphadenopathy, splenomegaly,
osteomyelitis, encephalitis, meningitis, and neuroretinites
(Breitschwerdt et al 2010).

There is not a standard diagnostic laboratory
examination for infections caused by Bartonella spp. and
several techniques must be used to avoid simultaneously
false negative results. Diagnostic techniques for
infections with Bartonella spp. include IFA, culture of the
pathogen, histopathological examination of lymph nodes
or tissue biopsy of tissue samples, and molecular biology
techniques, especially PCR.

Coxiella burnetii is a small, obligate intracellular,
gram-negative, pleomorphic bacterium and is the cause
of Q fever. The main characteristic of Q fever is its clinical
polymorphism, and thus diagnosis can only be made by
systematic tests. Infection with C. burnetii in humans may
be asymptomatic, or may present clinical manifestations
of acute or chronic Q fever, ranging from limited febrile
illness, pneumonia, hepatitis and other forms of risk,
such as endocarditis, and meningoencephalitis. Q fever
may be detected by serological or molecular methods
as well as isolation and histopathology associated
with immunohistochemistry techniques. A variety of
serological techniques are available, but the IFA has
become the reference technique. In recent years, several
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PCR-based diagnostic assays have also been developed
to detect C. burnetii DNA in cell cultures and in clinical
samples. These assays use conventional PCR, nested PCR
or real-time PCR conditions with Light-Cycler, SYBR
Green or TagMan chemistry (Angelakis & Raoult 2010).

Aptamers in the detection of rickettsias sensu lato

So far, it has been noted that serological tests
where patient antibodies are being detected in ELISA
or IFA assays remain the gold standard, though these
are limited both by the waiting time for antibodies to
be present in the patient and by the potential cross
reactivity, such as that reported between the different
species of Rickettsia and Bartonella. However, aptamers
can be raised, and have been raised, directly against
bacteria; and they have been used in ELISA type assays,
such as those described by Ferreira et al (2008), and
for the detection of Francisella tularensis in an ALISA.
There, B. henselae was used as negative control, to show
that aptamers were specific for E tularensis, but did not
bind to the related Bartonella (Vivekananda & Kiel 2006).
Such a methodology, which directly recognises antigens
from, or whole bacterial cells of, Rickettsia, Bartonella,
Anaplasma, Ehrlichia and Coxiella, would reduce
detection time and uncertainty.

Aptamers may also be directly used in the
detection of rickettsias using nuclear medicine
techniques. The advantage of this technique is the
differentiation between bacterial and viral infections, or
inflammation due to infection with microbial pathogens
and inflammation due to immune response where no
microbial invasion is present, as is the case, for example,
in autoimmune disorders (Wareham et al 2005). This is
achieved through the radiolabelling of antibiotics or other
modalities and their subsequent use as imaging agents.
Aptamers have already been used as specific antibiotic
agents against Salmonella, enterococci and anthrax,
and they have been previously described in molecular
imaging techniques, labelled with radionuclides (Borbas
etal 2007, DaPieve etal 2009), for the diagnostic imaging
of disease. Thus, they have clearly the potential for
selection against rickettsias and use in nuclear medicine
techniques to provide more specific information about
both the presence and the fate of the bacteria in the body.

Aptamers are also clearly suited to microarray
development, and they have already been used in a variety
of microarray formats, such as those for the capture of
biomarkers in serum to be analysed and identified by
Mass Spectrometry (Ahn et al 2010). Oligonucleotide
arrays have been used in bacterial detection in a number of
formats and for a number of applications. In rickettsiosis,
there has been use of microarrays in two different
forms. First, based on the whole genome sequence of
R. prowazekii, the Rickettsial Diseases Division of the
US. Naval Medical Research Center constructed the
first rickettsial microarray with all predicted ORFs. The
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genomic compositions of virulent strain and attenuated
strain were studied by co-hybridization on this DNA
microarray (Naval Medical Research Center website).
They have also deposited a patent for the detection and
diagnosis of R. prowazekii infection by measuring the
increased or decreased expression of specific human
genes following infection, using DNA microarrays and
PCR. This method permits the detection of the rickettsial
infection and diagnosis of epidemic typhus earlier than
other available methods (Ching, Ge 2004 ). Another DNA
array for R. prowazekii has also been generated, which
was the first DNA microarray for the analysis of global
gene expression changes in R. prowazekii under stress
conditions (Audia et al 2008). Second, in addition to
R. prowazekii, other Rickettsia microarrays are available
based on rickettsial genomic information. The Rickettsia
Genome microarray from Agilent Technologies,
comprising probes specific to all genes and spacers from
R. prowazekii, was used by Bechah and colaborators
(Bechah et al 2010) for the genomic, proteomic and
transcriptomic analysis of R. prowazekii. The genome of
R. rickettsii str. ‘Sheila Smith’ has also been provided and
used for the development of a database containing 3205
oligonucleotides that represent the R. rickettsii ‘Sheila
Smith’ transcriptome (OligoArrayDb). Within the same
database for pre-designed oligonucleotide microarray
probes, available to the research community, are
included the sequences for specific strains of R. rickettsii,
R. africae, R. akari, R. bellii, R. canadensis, R. conorii,
R. felis, R. massiliae, R. peacockii, R. prowazekii, and R.
typhi (OligoArrayDb). These oligonucleotide arrays are
based on sequences that hybridise on specific genes of
rickettsias. However, oligonucleotide aptamers could be
deposited on the array, recognising specific antigens on
the surface of the bacterial cells, providing a powerful
diagnostic approach.

In recent years much has been accomplished in
the development of aptamer-based bioanalytical assays
with different detection techniques (Tombelli et al 2005).
The use of aptamers in bioanalytical methods is evolving,
with the aim of improving analytical performance in
terms of detection limits. For example, the biochemical
properties of aptamers can be exploited by combining
them with nanoparticles in electrochemical and optical
Sensors.

Numerous biosensors have been described for
bacterial identification, based on different recognition
elements and detection technologies independently
reviewed in Zourob et al (2008).

Though the main biological sensing materials
used in biosensor development are the couple antibody/
antigen, a number of other recognition elements are
currently used, including aptamers (Zourob et al 2008).
Other nucleic acid sensors utilise techniques available
in common molecular detection assays, such as PCR or
real-time PCR and subsequent detection of amplification
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products, but in a lab-on-chip format with integrated
microfluidic platform systems and transducer/detection
methodologies (Lui et al 2009).

Currently available sensor methodologies apply
to the detection of rickettsias and a number of patents
on sensor development for bacterial detection include
rickettsias in the list of pathogenic organisms they cover.
Two such examples are available. In one, the design of
electrochemical sensors including electrode systems
with increased oxygen generation (Simpson et al 2012) is
described, where the invention includes the development
of systems and methods for electrochemical analyte
detection based on increased oxygen generation, and it
can be applied to a number of ‘contemplated analytes,
including rickettsias. In a second, similar case, a
transcutaneous analyte sensor is described by Brister et al
(2010), for measuring analytes in a host. In this invention,
it is specified that the analyte is used in a broad sense, to
include, without limitation, reaction products, naturally
occurring substances, artificial substances, metabolites
and/or reaction products; and it subsequently specifies
an extensive, but not limiting, list of chemicals, products
and microorganisms, including rickettsia, that the sensor
could be applied for, thus protecting the use of such
sensors in rickettsial diseases.

Additionally, there are two specific sensors for
rickettsia detection under development. One is from
the US Office of Scientific and Technical Information
(OSTI) of the Department of Energy (DOE), by
Andy Hatch, describing the development of the first
ultrasensitive microanalytical diagnostic method for
rickettsial pathogens (Hatch 2013). This sensor uses in
situ polymerised porous polymer monoliths both as size
exclusion elements for capturingand processing rickettsial
infected cells from a sample, and as a photopatternable
framework for grafting high densities of functionalised
antibodies and fluorescent particles. With this, they have
achieved selective capture, identification of bacterial cells
with at least an order of magnitude improvement in the
detection limits of currently available methodologies
and reduced detection times (Hatch 2013). The second
current development of rickettsial sensors is again
from the US, in a programme for the development of
‘Handheld Aptamer-Magnetic Bead-Quantum Dot
Sensor for Rickettsia¢ from the US Department of
Defence (Small Business Innovation Research SBIR
website). In this programme, they are aiming to use a
previously developed sensor format for Campylobacter
jejuni developed by Operational Technologies, with a
rapid and ultrasensitive one-step plastic adherent DNA
aptamer-magnetic bead plus aptamer-quantum dot
sandwich assay to detect the bacteria in a handheld
battery-operated fluorimeter sensor that can be operated
under field conditions. They have proposed to develop
aptamers against a mixture of isolated rickettsias and to
substitute those used for the Campylobacter detection
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on the same sensor, demonstrating the applicability of
aptamer sensor development for rickettsial diseases.

CONCLUSION

Aptamers are flexible, stable and economical
recognition elements thatcan be selected againstany target
of interest and integrated into a variety of technologies
for bacterial detection in general and rickettsial detection
in particular. They offer unique benefits compared to
other targeting agents, in terms of affinity and selectivity,
ease of selection and synthesis, as well as temperature
stability and small size. Aptamers have been utilised
extensively in the development of sensors for bacterial
detection. There is an extensive list of bacteria that
have been used as aptamer targets (see Table 1) and
a number of diagnostic technologies where aptamers
have been successfully incorporated. Aptamers can be
used directly in the more established and well-accepted
ELISA and immunofluorescence assays; but they also
offer the possibility of direct recognition of the antigen
in the blood/serum, rather than indirect identification
of patient antibodies, which is the current practice. They
can also be used on lab-on-chip approaches that include
standard techniques but on a nanoscale sensor. Finally,
aptamers have already been described for rickettsial
diseases in the development of novel sensors that could
provide a point-of-care diagnosis of rickettsiosis sensu
late, which could reduce waiting times, uncertainty of
results and misdiagnosis for other endemic diseases with
similar clinical profile.
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Abstract

Background: The purpose of this study was to identify the presence of rickettsia and hantavirus in wild rodents
and arthropods in response to an outbreak of acute unidentified febrile illness among Indians in the Halataikwa
Indian Reserve, northwest of the Mato Grosso state, in the Brazilian Amazon. Where previously surveillance data
showed serologic evidence of rickettsia and hantavirus human infection.

Methods: The arthropods were collected from the healthy Indian population and by flagging vegetation in grassland
or woodland along the peridomestic environment of the Indian reserve. Wild rodents were live-trapped in an area
bordering the reserve limits, due the impossibility of capturing wild animals in the Indian reserve. The wild rodents
were identified based on external and cranial morphology and karyotype. DNA was extracted from spleen or liver
samples of rodents and from invertebrate (tick and louse) pools, and the molecular characterization of the rickettsia
was through PCR and DNA sequencing of fragments of two rickettsial genes (gltA and ompA). In relation to hantavirus,
rodent serum samples were serologically screened by IgG ELISA using the Araraquara-N antigen and total RNA was
extracted from lung samples of IgG-positive rodents. The amplification of the complete S segment was performed.

Results: A total of 153 wild rodents, 121 louse, and 36 tick specimens were collected in 2010. Laguna Negra
hantavirus was identified in Calomys callidus rodents and Rickettsia bellii, Rickettsia amblyommii were identified in
Amblyomma cajennense ticks.

Conclusions: Zoonotic diseases such as HCPS and spotted fever rickettsiosis are a public health threat and should be
considered in outbreaks and acute febrile illnesses among Indian populations. The presence of the genome of
rickettsias and hantavirus in animals in this Indian reserve reinforces the need to include these infectious agents in
outbreak investigations of febrile cases in Indian populations.

Keywords: Indian population, Rickettsia bellii, Rickettsia amblyommii, Laguna negra virus

Background

More than 800,000 Indians from 220 ethnic groups
speaking 180 languages live in Brazil. Evaluation of indi-
genous health is very complex, due to demographic and
epidemiological differences, especially with some groups
that still live in relative isolation without interaction with
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the prevalent national society [1]. Social changes and
economic and environmental factors continue to affect
the profile of the Indians’ health, contributing to a higher
occurrence of infectious diseases than in other ethnic
groups [2,3].

In 2009, the Bureau of Health of the State of Mato
Grosso (BHSMT) investigated an outbreak of an un-
known acute febrile illness among Indians in the reserve
located in the Parecis region, where over 172 cases of
hantavirus cardiopulmonary syndrome (HCPS) have been
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identified since 1999. Blood samples from 59 of 530 appar-
ently healthy Indians were collected; five (8%) were positive
for anti-hantavirus IgG antibodies. In addition, as ticks and
tick bites were reportedly prevalent in this Indian reserve,
serological analysis was performed; IgG antibodies anti-
spotted fever group rickettsia (SFGR), Bartonella spp., and
Ehrlichia spp. were detected in sera from 12 (8%), five
(8%), and four (6.8%) Indians, respectively. Based on these
findings, the objective of this study was to collaborate with
the health surveillance system and identify SFGR and
hantavirus circulating in arthropods and wild rodents col-
lected in this Indian area.

Methods

In 2010, in response to an outbreak of acute unidentified
febrile illness among Indians in the Halataikwa Indian
Reserve, northwest of the Mato Grosso state, a study
was carried out in two areas of the Parecis micro-region
of the Brazilian Amazon in Mato Grosso - municipalities
of Comodoro (13° 39’ 46” S 59° 47" 09” O) and Sapezal
(13° 32" 33" S 58° 48’ 51” O) (Figure 1).

Arthropod samples

The arthropods were collected from the healthy Indian
population and by flagging vegetation in grassland or
woodland along the peridomestic environment of the In-
dian reserve, municipality of Comodoro, by the Indians’
own health service with the collaboration of BHSMT.
The identification procedure was done on the basis of
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morphologic features using standard taxonomic keys [4]
and the arthropods were subsequently shipped on dry
ice to the Laboratory of Hantaviruses and Rickettsioses,
Oswaldo Cruz Institute, FIOCRUZ.

Small-mammals samples

Eco-epidemiological study was conducted in an area bor-
dering the reserve limits in the municipality of Sapezal,
due the impossibility of capturing wild animals in the
Indian reserve. The wild rodents were identified based
on external and cranial morphology and karyotype [5-7].
Voucher specimens were deposited in the collection of the
National Museum, Federal Universidad of Rio de Janeiro,
RJ, Brazil. Blood and tissue samples from the wild rodents
were obtained in accordance with recommended safety
procedures [8], after authorization by the Brazilian Insti-
tute for the Environment and Renewable Natural Re-
sources (IBAMA) under license number 60 8054/2008.

Rickettsia detection

DNA was extracted from spleen or liver samples of rodents
and from invertebrate (tick and louse) pools, ranging from
one (engorged adult) to 44 (larvae) specimens, by using a
QIAamp DNA Mini Kit (QIAGEN, Valencia, CA, USA)
following the instructions of the manufacturer. The poly-
merase chain reaction (PCR) was performed using oligo-
nucleotide primers to amplify the partial citrate synthase
gene (gltA) of genus Rickettsia (RpCS877 and RpCS1258)
and outer membrane protein gene (ompA) fragments of
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Figure 1 Map of the Mato Grosso state, central-western region of Brazil, showing the municipalities of C doro and Sapezal
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spotted fever group Rickettsia—SFGR (Rr190-70 and
Rr190-602), published previously [9,10].

Hantavirus detection

In relation to hantavirus, rodent serum samples were sero-
logically screened by IgG ELISA using the Araraquara-N
antigen [11]. Total RNA was extracted from lung samples
of IgG-positive rodents using Trizol with the Purelink
Micro-to-Midi Total RNA Purification System (Invitrogen®,
San Diego, CA, USA). In addition, viral RNA was ex-
tracted from lung samples of rodents for which there
were no blood samples. The amplification of the complete
S segment was performed according to Guterres and
collaborators [12].

DNA sequencing and phylogenetic analyses

For DNA purification, the Wizard’SV Gel and PCR
Clean-Up System kit (Promega, Corp., Madison, WI,
USA) was used according to the manufacturer’s recom-
mendations, and strands were directly sequenced. In the
sequencing reaction, the BigDye Terminator™ version 3.1
Cycle Sequencing® Kit (Applied Biosystems) was used ac-
cording to the manufacturer’s recommendations in an
automatic sequencer (Applied Biosystems, ABI PRISM
3130X model, Foster City, CA, USA). Nucleotide se-
quences were analyzed using MEGAS5 software [13], and
a consensus sequence was derived from contiguous se-
quences assembled with the same software.

Multiple sequence alignments were done with se-
quences obtained from this study and sequences from
GenBank using the MUSCLE, in the SeaView version 4
software [14]. The rickettsia phylogenetic tree was con-
structed using the maximum likelihood (ML) imple-
mented in MEGAS5 software. The support for the tree
nodes was calculated with 1,000 bootstrap replicates.

Phylogenetic relationships among the hantaviruses were
estimated by the Bayesian Markov Chain Monte Carlo
(MCMC) method implemented in MrBayes version 3.1.2
[15], using the GTR + G model of sequence evolution, as
determined by the jModelTest version 2 [16]. The Bayesian
analysis consisted of two simultaneous independent runs
of 3 million MCMC generations (burn-in of 25%).

Results
Two ticks and 121 louse specimens, removed from the
asymptomatic Indian population, were taxonomically
classified as Amblyomma nymphs and Pediculus humanus
(81 adults and 40 nymphs), respectively. Additionally, 34
ticks were collected by flagging vegetation in grassland
or woodland along the peridomestic environment of the
Indian reserve—10 Amblyomma cajennense (adults), 12
Amblyomma larvae, and 12 Amblyomma nymphs.

Seven of 16 (44%) tick DNA pools were found to be in-
fected with Rickettsia; one was composed of Amblyomma
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larvae, two of Amblyomma nymphs, and four of A. cajen-
nense (adults), all were collected on the ground along the
peridomestic environment of the Indian reserve (Table 1).
The sequences generated for gltA (381bp) and ompA
genes (510bp) were analyzed using BLASTn searches
of GenBank sequences. The DNA sequence analysis of
five tick pools had 99% (ompA) and 99% (gltA) similarity
to gene sequences of Rickettsia amblyommii [GenBank:
GQ891955 and AY375163, respectively] and DNA of
two tick pools had 99% (gltA) similarity to gene se-
quences of Rickettsia bellii [GenBank: DQ146481]. In
the rickettsia phylogenetic tree of the g/tA gene, the se-
quences obtained from pools 05, 06, 08, and 10 formed
a monophyletic clade with sequences of R. amblyommii,
while the sequences obtained from pools 04 and 07
formed a monophyletic clade with sequences of R. bellii
available in the GenBank (Figure 2). In the phylogenetic
tree of the ompA gene, five tick DNA pools (05, 06, 08,

Table 1 Molecular analysis of ectoparasites removed
from the asymp ic Indian population and of the
environment

{

Pools Species (amount) Collected gltA OmpA
Pool 1 A. cajennense (01) Environment

Pool 2 A. cajennense (01) Environment -

Pool 3 A cajennense (01) Environment S Positive

Pool 4 Amblyomma larvae (12)  Environment  Positive
Pool 5 Amblyomma nymphs (06) ~ Environment Positive Positive

Pool 6  Amblyomma nymphs (05)  Environment  Positive Positive

Pool 7 A. cajennense (01) Environment  Positive

Pool 8 A. cajennense (01) Environment  Positive Positive
Pool 9 A. cajennense (01) Environment

Pool 10 A. cajennense (01) Environment  Positive Positive
Pool 11 A. cajennense (01) Environment

Pool 12 P. humanus nymphs (08) Human (Head)
Pool 13 P. humanus nymphs (08) Human (Head
Pool 14 P. humanus nymphs (08) Human (Head

)
) )
Pool 15  P. humanus nymphs (08) Human (Head)
) )
)
)

Pool 16  P. humanus nymphs (08) Human (Head
Pool 17 P. humanus (04) Human (Head
Pool 18 P. humanus (12) Human (Head

Pool 19 Amblyomma nymphs (01) Human (body)
Pool 20 Amblyomma nymphs (01) Human (body)
Pool 21 Pediculus humanus (10)  Human (Head)
Pool 22 P. humanus (11)
Pool 23 P. humanus (44)

Human (Head)
Human (Head)
Pool 24 Amblyomma nymphs (01)  Environment
Pool 25 A. cajennense (01) Environment

Pool 26 A. cajennense (01) Environment
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Rurickettsii strain Brazil NC 016913
Rurickettsii strain Arizona NC 016909
Rrickettsii strain Sheila Smith NC 009882
R.peacockii NC 012730

R.sibirica U59734

R.africae NC 012633

R.conorii NC 003103
R.parkeriU59732

R.slovacaNC 016639

Rijaponica NC 016050
R.heilongjiangensis NC 015866
R.massiliae NC 009900

R.rhipicephali U59721

R.amblyommii strain AePE JX867425
R.amblyommii strain Acalll AY375163

Figure 2 M um-likelihood phylog

labels include GenBank accession number and species or strain.

%9 I_E R.prowazekii NC 000963
9 R.prowazekii DQ926853
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R bellii AY375161

ic tree of rickettsia based of the g/tA gene partial sequence (381nt) and showing the
phylogenetic placement of the novel sequences compared with rickettsia associated sequences. The tree was computed by using MEGAS
(http//www.megasoftware.net). The Tamura 3-parameter model with gamma- distributed rate heterogeneity and a proportion of invariant sites
(T92 + G + ) was selected as the best fit evolutionary model according to the Bayesian information criterion calculated with MEGAS. The branch

R. ii strain Panama F
Pool 10
Pool 08
Pool 06
Pool 05
[—— Rfelis NC 007109

67— Ruakari NC 009881
R NC 009879
R.typhi NC 006142

10, and 03) formed a monophyletic clade with sequences
of R. amblyommii (Figure 3). All 10 louse DNA pools were
PCR negative.

A total of 153 wild rodents were captured: Calomys
callidus (65); Necromys lasiurus (60); Oligoryzomys
utiaritensis (9); Rattus rattus (8); Hylaeamys megace-
phalus (4), Oligoryzomys mattogrossae (1), Oecomys
sp. (3), and Calomys sp. (3). In order to investigate
the presence of rickettsial infections in these small
mammals, DNA was extracted from spleen or liver
samples of 136 rodents for which there were tissue
samples. Wild rodents were submitted to molecular
analysis for genus Rickettsia and were PCR negative to
gltA and ompA genes.

One hundred rodents were submitted to serology for
anti-hantavirus antibodies, and one O. utiaritensis was
reactive against the Araraquara-N antigen. The lung tis-
sue sample of this rodent was submitted to molecular
detection (RT-PCR), but it was not possible to recover
the viral RNA. In addition, of 53 rodents for which there

were no blood samples, one male specimen of the spe-
cies C. callidus was RT-PCR positive. The comparison of
the complete S segment with other known hantaviruses
showed the highest degree of similarity, at 99% and 98%
[GenBank: JX443686 and FJ816031, respectively], with
Laguna Negra virus (LANV) from a human case of HCPS
from Mato Grosso [17,18]. The sequence obtained was also
similar (86%) to LANV [Genbank: AF005727] identified in
Calomys laucha from Paraguay [19].

According to phylogenetic inferences, it was possible
to check the formation of a well-supported monophy-
letic clade of our sequence against sequences of LANV
available in GenBank. The sequences of LANV from
Brazil are closely related to them (Figure 4).

Discussion

The role of ticks in the transmission of Rocky Mountain
spotted fever (RMSF) was first documented by King and
also by Ricketts in 1906, and since then several species
of ticks have been identified as reservoirs of rickettsiae
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was selected as the best fit evolutionary maodel according to the Bayesian information criterion calculated with MEGAS. The branch labels include
GenBank accession number and species or strain,
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that are pathogenic and non-pathogenic to humans. In
this study, R bellii and R amblyommii genomes were
detected in A. cajennense ticks collected from the Indian
environment. These species of the Rickettsia were previ-
ously identified in several species of Amblyomma sp.
ticks in northern Brazil, Peru, and Argentina’s Chaco
province [20-23]. Although R. amblyommii is considered
a non-pathogenic rickettsia, a recent study suggested
that this species might be responsible for several cases of
RMSF-like disease [24]. As unknown acute febrile illness
has been continually reported among Indians in the
Brazilian northern region, and as serological tests may have
detected cross-reactive antibodies to several SFGR, the
possibility of occurrence of human spotted fever in this In-
dian area should be considered.

Rickettsia belli, a member of the ancestral rickettsiae
group with unrecognized pathogenicity for humans, have
been reported in larvae of Amblyomma varium found in
infested Amazonian birds caught in Peru [25] and in a
host-seeking male of A. tigrinum in Argentina, where
ixodid ticks collected from vegetation and from humans
and wild and domestic mammals in a rural area in the
semi-arid Chaco province were found infected with an
SFGR of unknown pathogenicity [22]. In this scenario,
even if the pathogenicity of R. bellii and R. amblyommii
has not been demonstrated or is unknown, the presence
of ectoparasites infected with two species of rickettsiae
in the Indian reserve may be a threat.

In relation to HCPS, since its first description in
Navajo Indians in the United States, several studies have
demonstrated the high incidence of hantavirus infection
in the Indian populations throughout the American con-
tinent [26]. In 1998, a study conducted in Indian com-
munities in northern Argentina and western Paraguay
showed seroreactivity to hantavirus antibodies of 17.1%
and 40.4%, respectively [27]. Later, two additional studies
on hantavirus infection in the Indian population, also
conducted in Paraguay, one in the western region and
another in the eastern region, showed prevalence rates
of 45.2% and 17.8%, respectively, higher rates than are
usually observed in the general population (3.5%, 4.7%).
In this sense, their habits, the forests or wild environ-
ments in which they dwell, their precarious housing with
food storage in places that promote contact with animals
and their excreta, among other factors, subject Indians
to a greater exposure to hantavirus [28-31].

Our study also revealed the presence of LANV in a
C. callidus rodent captured in an area bordering the
reserve limits in the Sapezal municipality. Genetic ana-
lysis revealed the highest degree of similarity, at 99% and
98% with LANV (GenBank: JX443686 and FJ816031,
respectively), with human cases of HCPS from Mato
Grosso [17,18,32]. The LANV had been first described as a
cause of HCPS in the Chaco region, Paraguay, in 1997 in a
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study that also identified the Caloniys laucha rodent as the
primary reservoir of this virus in Paraguay [19]. In 2004,
LANV was identified for the first time in Argentina, recov-
ered from human cases and from C. callosus samples. The
high sequence identity between human and rodent samples
implicated C. callosus as the primary rodent reservoir for
LANYV in Argentina [33]. Subsequently, in 2005, in the city
of Concepcidn, Bolivia, where a non-fatal case of HCPS
was reported, LANV was identified in C. callosus rodents.
The sequencing reaction of the amplified segment showed
an 87-88% similarity with LANV and a 99% match with
the viral sequences obtained from the patient with HCPS
in that region [18]. A recently published study associated
LANV with HCPS in Mato Grosso state, Brazil, and cited a
previously unidentified potential host, the C. callidus ro-
dent corroborating our findings.

In our study, it was possible to perform the sequencing
of a complete S segment of LANV in Brazil. The identi-
fication of LANV associated with another rodent species
of the genus Calomys reinforces the idea that many han-
taviruses, including LANV, cannot be strictly associated
with only one species of rodent reservoir. The capacity
of C. callidus to harbor LANV and its role as a reservoir
are still unclear and new studies need to be conducted
in order to better understand the relationship dynamics
involving C. callidus and LANV.

Conclusions

Zoonotic diseases such as HCPS and spotted fever rick-
ettsiosis are a public health threat and should be consid-
ered in outbreaks and acute febrile illnesses among
Indian populations. The interrelationship of the Indian
population with rodents and arthropods in forests or
wild environments and their precarious housing, among
other factors, increases the risk of occurrence of this
zoonosis with high mortality rates. Therefore, our study
reinforces the importance of the knowledge concerning
the geographical distribution and prevalence of zoonotic
diseases in Indian reserve areas.
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ANEXO 1

Ministério da Sadde
Fundagio Oswakdo Cruz
COMITE DE ETICA EM PESQUISA-CEP/FIOCRUZ

Rio de Janeiro, 02 de agosto de 2010.

Carta: 039/10
De: CEP/FIOCRUZ

Para: - Dra. Elba Regina Sampaio de Lemos e
- Dra. Helene Santos Barbosa

Prezadas Senhoras,

Estamos encaminhando o parecer do protocolo 552/10 intitulado “Coxiella
burnetii no Municipio de Itaborai, Rio de Janeiro: estudo sorolégico e
molecular em populagao humana e de animais em area de ocorréncia do
primeiro caso confirmado de febre Q" com a deliberagao de APROVADO.

Atenciosamente

Carl s Netto
Secrée Geral
CEP/Fiocruz

Comité de Efica em Pesquisa em Seres Humanos
Fundagio Oswaldo Cruz
Avenida Brasil, 4.036 - Sala: 705
Manguinhos - RJ. - CEP.: 21,040-360
Tels.: {21) 3882-9011 Fax: (21) 2561-4815
e-mail: etica@fiocruz.be
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ANEXO 2

SECRETARIA DE SAUDE

TERMO DE COMPROMISS

Como representante legal da Secretaria Municipa! de Salde, declaro que
conheco o inteiro teor do projeto intitulado “Coxiella burnetii no Municipio de
Itaborai, Rio de Janeiro: estudo soroldgico e molecular em populacao
humana e de animais em area de ocorréncia do primeiro caso confirmado
de febre Q.” sob a coordenag¢ao da Dra Elba Regina Sampaio de Lemos, e que
tenho conhecimente das compromissos assumidos, no referido projetc pela

pesguisadora e pelos demais membros participantes

Rio de Janeiro, 05 de julho de 2010

g

s /%‘:L‘ v o
Therezinha Freitas
Secretaria Municipal de Saude
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ANEXO 3

NS Ficha de Investiga¢do de Sindrome febril
SUSPEITA CLINICA:[] Dengue []Leptospirose []Hepatite [JHantavirose [JFebre Maculosa []Febre Q [] Bartonelose
Unidade de Saude: Hospital Municipal Desembargador Leal Junior Dados da Amostra

Amostra: 12[ ] 22[ ] _2[7] pata de Coleta: Tipo de Amostra (e/ou): [ soro[] cosgulo [Jsang. eota [Joutro

Dados Pessoais do Paciente

1) Nome do paciente 2) Ocupagao
3)Data de Nascimento 4) (ou) Idade 5) Sexo 6) Gestante 7) Raga / Cor
[ / / ] [ oias ) [ [ Feminino [] Sim [JBranca [] parda

|| [] meses| | [] Masculino [] Né&o [] Negra [ Indigena

[Janos J | [J ignorado [] 1gnorado [ Amarela [] 1gnorado
8) ) Municipio de Residéncia 9) Tempo de Residéncia(data) 10) (ou) tempo de Residéncia 11) Municipio de Procedéncia/UF
] [ / / ] [ | |EID|ASE]MESESE]ANOS][ ]
12) Logradouro(rua, avenida,..) 13) Nimero 14) Complemento (apto,casa..) 15) UF
16) Bairro 17)(DDD) Telefone 18) Zona 19) CEP
[J Urbana [J Rural
IR [] Periurbana [ Ignorado L L -1

20) Ponto de referéncia 21) Nome da Mae

[ J )

Dados Clinicos do Paciente

22) Data da investigacao 23) Data do inicio dos 15 sintomas

L+ s+ L+ r

24) Sinais e sintomas - Marcar comum [X]: $-SIM N-NAO |- IGNORADO s[J N[J 1] Manifestacdes hemorragicas/sufusao
s NJ 1 JFebre s[] N[J 1] por Abdominal s[J N[J 1] Linfadenopatia

s [ N[J 1 cefaléia s[] N[J 1] Necrose de extremidades s[J N[J 1] Estupor/Coma

s N 1 mialgia s[J N[J 1 ictericia s[] N[J 1] Hepatomegalia/Esplenomegalia
s [J N[ 1[]J Hiperemia Conjuntival s[] N[J 1] prostracio s[] N[] 1] Convulsdo

s [ N[J 1[J exantema s[] N[J 1] petéquias s[] N[J I[] Oligtria/Andria

s[J N[ 1[]J Pneumonia s[] N[J 1] piarréia s[] N[] 1[]] Dor retroorbital

s[] N[J 1] Hemorragia pulmonar s[] N[J I[] Nausea/Vomito s[] N[J I[] endocardite

s[] N[J 1[]] Alteracées respiratérias ~ S[] N[[] 1[[] Choque/Hipotensio s[] N[J I[] outros:

Dados Epidemiolégicos

Situagdo/exposicdo de risco nas ultimas duas semanas (14 dias)
25) Teve contato com animais? Marcar comum [X]: S-SIM N - NAO | - IGNORADO

s[J N[J 1] carrapatos s[C] N[J1[J puigas s[C] N[J 1] Piolhos s[C] N[[J1[] capivara s[CJ N[J1[Jcio s[] N[J1[JGato
s NI 1[0 ovinos/Caprinos  s[] N[] 1[] Equinos  s[] N[] 1[] Bovinos s[] N[] 1[]] Outros animais/ectoparasitas:

26) Frequentou ambientes com mata, floresta, rios, cachoeiras, etc : Marcar comum [X]: S-SIM N-NAO |1-IGNORADO - s NI

27) Situagao de risco ocorrida nos 30 dias que antecederam os primeiros sintomas (contato/ingestdo/limpeza):

Marcar comum [X]: S-SIM N-NAO 1 -IGNORADO
s[] N[J 1[CJAgua ou lama de enchente s[1 N[J 1[JTerreno baldio s[] N[] 1[]Produtos lacteos ndo pasteurizados
S[] N[J 1[TJFossa, caixa de gordura ou esgoto S[_] N[] 1["]Criacgo de animais s[] N[] 1[[]Contato com material de parto de animais
s[] N[J 1[JRio, cérrego, lagoa ou represa s[J N[J 1[0 vixo/entulho s[] N[] 1[]Viajou nos dltimos 2 meses
S[] N[J 1[JLocal com sinais de roedores s[] N[J 1] caixa d’agua s[] N[] 1[]Paciente imunocomprometido
s[] N[J 1[JRoedores diretamente s[] N[] 1] plantio/lavoura s[] N[] 1[[]Outros:
s[] N[J 1[Juso de agulhas n3o descartaveis s N0 Ingestdo de carne/peixe cru
s[] N[J 1[0 Transfusdo sanguinea s[] N[J 1[J1egumes /verduras nio lavadas

S[] N[ 1[C]Banho em baia e/ou rio poluido ~ S[_] N[_] 1[_JArmazenamento de grios

Tratamento e Medicagdo

28) Ocorreu Hospitalizagao 29) Data da Internagdo 30) Data da Alta 31) Data do Obito 32) Nome do Hospital

[D sim [ N3o [] Ignorado] [ / / ] [ / / ] [ / / ][ ]
33) Fez uso de Antibidtico 34) Nome do Antibidtico 35) Data de Inicio 36) Fez uso de Corticoide

[Dsim Onzso [ Ignorado] [ ] [ / / ] [l:]Sim Onao [ Ignorado]
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37) Diagnostico Laboratorial

[D sim [ Nao[] Ignorado] [

/1]

[/

/

[Joutra amostra [Joutra amostra

[Joutra amostra)

[Joutra amostra)

[Joutra amostra

[Joutra amostra

41) SOROLOGIA - Resultados AGRAVO

FEBRE MACULOSA FEBRE Q BARTONELOSE HANTAVIROSE DENGUE LEPTOSPIROSE HEPATITE A
[J12 Amostra [J12 Amostra [J12 Amostra [J12 Amostra [J12 Amostra [J12 Amostra [J12 Amostra
[J22 Amostra [J22 Amostra [J22 Amostra [J22 Amostra [J22 Amostra [J22 Amostra [J22 Amostra

[Joutra amostra)

Data de coleta Data de coleta

Data de coleta

Data de coleta

Data de coleta

Data de coleta

Data de coleta

Lr /)

L)L)

L /)

Ls 7]

Ls /)

L /)

[OInconclusivo
[IN3o realizado

[Inconclusivo
[IN3o realizado

[Inconclusivo
[JN3o realizado

[Inconclusivo
[IN3o realizado

[JInconclusivo
[IN3o realizado

[JInconclusivo
[ N3o realizado

IgM (IFA) IgM (IFA) IgM (IFA) 1gM (ELISA) IgM (ELISA) 1gM (ELISA) IgM (ELISA)
[JReagente Reagente Reagente [JReagente Reagente Reagente Reagente
[IN3&o reagente [IN&o reagente [IN&o reagente [IN&o reagente [IN3&o reagente [ N&o reagente [IN&o reagente

[Inconclusivo
[JNao realizado

[JInconclusivo
[JN&o realizado

[JInconclusivo
[IN3o realizado

[JInconclusivo
[JN&o realizado

[Inconclusivo
[ No realizado

[JInconclusivo
[JN3o realizado

[Inconclusivo
[ N3o realizado

Titulagdo Titulagdo Titulagdo Cut off. Cut off Cut off Cut off
[ ) ] [ 1 ] [ 1 ] [ Titulagdo, ] [Tl’tulacéo ] [ Titulagdo ] [ Titulagdo ]
IgG (IFA) 1gG (IFA) 1gG (IFA) 1gG (ELISA) Micro-aglutinagdo  1gG (ELISA) 1gG (ELISA)
Reagente Reagente [JReagente Reagente Reagente Reagente [JReagente
[JN&o reagente [IN3o reagente [JN3o reagente [JN3o reagente [IN3o reagente [JN3o reagente [IN3o reagente

[Inconclusivo
[INao realizado

[ Inconclusivo
[JN3o realizado
J

[JInconclusivo
[IN3o realizado
J

[Inconclusivo
[JN3o realizado
J/

[JInconclusivo
[JN3o realizado
J

[JInconclusivo
[IN3o realizado

[JInconclusivo
[IN3o realizado
J/

Titulagdo Titulagdo Titulagdo Cut off Titulagdo Cut off Cut off
[ 3 4 ] [ 4 b4 ] [ L ] [ Titulagdo, ] [ 1 ] [ Titulagdo, ] [ Titulagdo ]
42) ANALISE MOLECULAR
FEBRE MACULOSA FEBRE Q BARTONELOSE HANTAVIROSE DENGUE LEPTOSPIROSE HEPATITE A
Positivo ) Positivo A Positivo ) Positivo ) Positivo A Positivo g Positivo )
[J Negativo [ Negativo [ Negativo [ Negativo [ Negativo [ Negativo [J Negativo

[JInconclusivo
[JN3o realizado

[JInconclusivo [JInconclusivo

E] Nado realizadz E] Na&o realizado

J

[JInconclusivo

E] Nao realizado)

[Jinconclusivo

E] Nao realizad&

[Jnconclusivo

\D Nao realizada

J J
43) HISTOPATOLOGIA
FEBRE MACULOSA FEBRE Q BARTONELOSE HANTAVIROSE DENGUE LEPTOSPIROSE HEPATITE A
'EI Positivo 'E] Positivo ) ﬁ Positivo ) fl Positivo EI Positivo ) 'E] Positivo ) @ Positivo )
[J Negativo [INegativo [JNegativo [ Negativo [ Negativo [JNegativo [J Negativo

[JInconclusivo

Q Nao realizadOJ

[JInconclusivo

Q Nado realizadg

44) IMUNOHISTOQUIMICA

[ Inconclusivo [OInconclusivo

El Nao realizad«j E Nao realizadoj

[Inconclusivo

El Nao realizado)

[JInconclusivo
[JNzo realizado
\ J

[JInconclusivo

EI Nzo realizado)

FEBRE MACULOSA FEBRE Q BARTONELOSE HANTAVIROSE DENGUE LEPTOSPIROSE HEPATITE A
ﬁ Positivo ) f] Positivo ) @ Positivo ) @ Positivo ) 'ﬁ Positivo ) ﬁ Positivo ) @ Positivo )
[J Negativo [ Negativo [ Negativo [ Negativo [ Negativo [INegativo [J Negativo

[Inconclusivo
[IN3o realizado
o J/

[JInconclusivo
[JNzo realizado
o J

Dados Laboratoriais

38) Data de conclusdo de resultado 39) Data de envio de resultado 40) Nome do Hospital/Médico que foi enviado

45) Outro Diagnostico Laboratorial

46) Data de conclusdo de resultado

Informagdes Complementares

47) Data de envio de resultado 48) Nome do Agravo

[I:I sim []N3o [] Ignorado]

[

/1

] [

/)

[

OBSERVAGOES ADICIONAIS:

Municipio / Unidade de Saude

Nome

Dados do Investigador

Funcdo

J(

J(

]

Assinatura:

Elaboragdo: Maria Angélica M. M. Mares-Guia, MSc, CRMV/RJ: 9768

. Produto gerado no doutorado de Medicina Tropical/IOC
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ANEXO 4

A Febre Q é uma
doenca de notificagao?

A partir de 2014 se tornou uma doenga
de notificagdo obrigatéria em legislagdo
sanitaria animal, mas ha uma exigéncia
no que diz respeito a saude humana no
ambito da saude e da seguran¢a na
legislagdo. Devem ser reportadas para o
Departamento de Saude Local ou para o
Departamento de Satde do Estado.

Como diagnosticar?

e Exames sorolégicos com soros
pareados (uma coleta durante a
primeira semana de doenca e outra
ap6s 15 dias) por imunofluorescéncia
indireta (IFA) com provas de uma
mudanga onde quadruplicou o titulo
anticorpos de imunoglobulina G
(IgG)-especificas para antigeno de
C. burnetii de fase Il.

e Detecgdo de DNA de C. burnetii numa

amostra clinica através de

amplificagdo de um segmento-alvo
especifico pela reagdo em cadeia da
polimerase (PCR).

D ¢do da C. b ii numa

amostra clinica através de

imunohistoquimica (IHQ).

® Isolamento da C. burnetii numa
amostra clinica através de cultura.

0BS.: tecidos infectados e hemoculturas

de pacientes com febre Q requerem
utilizagdo de biosseguranga laboratorial
de nivel 3 para evitar riscos.

Material informativo
produzido pela equipe do
Lab. de Hantaviroses e
Rickettsioses da FIOCRUZ

Laboratdrio de Hantaviroses e
Rickettsioses
Instituto Oswaldo Cruz/I0C
Fundagdo Oswaldo Cruz FIOCRUZ
Tel: +55 21 2562-1712

O que é Febre Q?

A Febre Q é uma doenga que acomete os
imais € o h pela infecgdo pelo

Coxiella b ii. Este i

pertence a um grupo de bactérias conhecido

como rickettsias.

Febre Q nos animais

A infecgdo foi di ia em vdrios animai:
selvagens e domésticos, aves, e em alguns
artrépodes, como carrap: As espéci
mais infectadas sdo b

ovinos e caprinos, mas mesmo nestas
espécies é uma doenga incomum. Muitas
vezes o i ndo p I
doenga em animais, mas
pode gerar infecgdes com inflamagbes na
placenta e abortos em bovinos, ovinos e

et of T O

Febre Q nas pessoas

A Febre Q em humanos é geralmente uma
doenca auto-limi e muitas p que
se tornam d ndo ap
sintomas. Alguns individuos que se tornam
doentes, tem sintomas geralmente
semelhantes a uma gripe ou pneumonia.
Em um pequeno nimero de casos pode
haver complicagdes graves ou desenvolver
hepatite.

Como é a transmissao?

A Infecgdo geralmente resulta de inalagdo
de esporos resistentes em forma de
particulas de pé (aerosséis) de fluidos
reprodutivos, fezes ou urina dos animais
infe dos. Ou bém pela i r
outros animais de material infectado
contaminado. Picadas de carrapatos

infectad podem bé os
mas rar ao ser |
H e animais podem se inar ao

beber leite cru de animais infectados. Esta
bactéria pode sobreviver no ambiente por
longos periodos de tempo, pois é resistente
ao calor e a muitos desinfetantes.

Como podemos fazer a
prevengdo contra a
infeccao?

E importante lembrar que as pessoas nio
precisam ter contato direto com animais
infe dos para serem A maiori;
das pessoas estdo expostas a febre Q por
inalar poeiras ou aerossdis contaminados
com as bactérias da febre Q.
Tiabalhonda o alimana

elur i o R
contaminado por isso é muito importante
boa higiene pessoal. Cuidado com a
exposicdo a carrapatos e verifique o corpo
inteiro diariamente.

Medidas que devem ser
utilizadas para prevengao
e controle da febre Q:

Como é o tratamento?

a maioria dos i pode
ter uma recuperacdo total em alguns
meses sem qualquer tratamento; 1% - 2%
dos casos de febre Q aguda sdo fatais.
Um antibiético chamado Doxiciclina é o
tratamento de escolha para a febre Q
aguda e é muito eficaz no tratamento da
infecgdo. Algumas pessoas com febre Q
aguda podem desenvolver a forma
crénica da doenga ap6s um ano ou até 20
anos ap6s a infecgdo inicial.

Infecgdes crénicas de Febre Q podem
evoluir para uma inflamagdo do

: e p h
endocardite, que pode ser grave. Aqueles
que tém d d pré-exi

tem um risco maior. A Febre Q cronica é
muito mais dificil de tratar e pode exigir
uma combinagdo de dois ou mais
antibiéticos por longo periodo de tempo.

N&o queime cama ou material
de aborto sobre uma fogueira,
pois pode aumentar o risco de
propagacao de aerossol,
principalmente se estiver
ventando.
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