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RESUMO
Tese de Doutorado em Biologia Parasitaria
Lauren Hubert Jaeger

A cidade do Rio de Janeiro foi o principal centro comercial e capital do pais
durante o periodo colonial brasileiro. A chegada de centenas de milhares de
colonizadores europeus e escravos africanos a cidade desencadeou um crescimento
urbano e populacional desenfreado. O objetivo do trabalho € avaliar o cenéario
paleoepidemiolégico da tuberculose na populacdo do Rio de Janeiro entre os
séculos XVII e XIX através da analise paleogenética do complexo Mycobacterium
tuberculosis (MTC), bem como da analise do perfil paleoparasitolégico e da
ancestralidade humana. A infeccdo por bactérias do MTC foi identificada na
populacdo enterrada nos sitios arqueoldgicos analisados. A frequéncia de infeccéo
observada foi de 53% e 25% em cemitérios europeu e africano, respectivamente. Os
parasitos Trichuris trichiura, Ascaris sp., Taenia sp. e Enterobius vermicularis foram
detectados através de técnicas paleoparasitologicas e paleoparasitolégicas
moleculares. O nematoide T. trichiura foi o mais comumente encontrado nos sitios
arqueolodgicos estudados, demonstrando uma frequéncia de infeccao de até 70%.
Estes dois ultimos representam o registro mais antigo dessas infec¢bes no pais. A
ancestralidade humana revelou uma proeminente contribuicdo da populacdo
europeia na dispersao da tuberculose na cidade, e confirmou a presenca da infeccao
em escravos africanos recém — chegados ao pais. O cenario de infeccado por

tuberculose na cidade, assim como por parasitos intestinais, € discutido.

Palavras — chave: paleoparasitologia, paleogenética, tuberculose, parasitos

intestinais.
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ABSTRACT
PHD Thesis in Biologia Parasitaria
Lauren Hubert Jaeger

The city of Rio de Janeiro was the main commercial center and capital of the
country during the Brazilian colonial period. The arrival of hundreds of thousands of
European settlers and African slaves to the city triggered unbridled population and
urban growth. This study aims to evaluate the paleoepidemiologic scenario of
tuberculosis in Rio de Janeiro population between the seventeenth and nineteenth
centuries through paleogenetic analysis of Mycobacterium tuberculosis complex
(MTC), as well as examining the paleoparasitologic profile and human ancestry. The
TB infection was identified in the individuals buried in archaeological sites. The
frequency of infection was observed in 53% and 25% in European and African
cemeteries, respectively. The parasite Trichuris trichiura, Ascaris sp., Taenia sp. and
Enterobius vermicularis were detected by paleoparasitolgical and molecular
techniques. The latter two represent the earliest record of these infections in the
country. The nematode T. trichiura was the most commonly found in archaeological
sites studied, showing an infection rate of up to 70%. The human ancestry revealed a
prominent contribution of the European population in the dispersion of tuberculosis in
the city, and confirmed the presence of infection in African slaves. The scenario of

TB infection in the city, as well as intestinal parasites, is discussed.

Key words: paleparasitology, paleogenetic, tuberculosis, intestinal parasites.
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1. INTRODUCAO

1.1 Paleoparasitologia e paleoparasitologia molecular

A paleoparasitologia é o estudo dos parasitos encontrados em remanescentes
humanos e de outros animais recuperados de sitios arqueologicos, paleontolégicos,
ou de qualquer outra fonte em que se mantiveram preservados (Ferreira, 2011). A
paleoparasitologia emerge como um brago da paleopatologia no momento em que
foram buscadas formas parasitarias em material arqueoldgico (Araujo et al., 1981).
Parasitos e seus restos podem ser detectados em coprolitos (do grego kopros —
fezes e lithos — pedra) (Chame e Sianto, 2011), provenientes de sitios arqueoldgicos
ou paleontolégicos, ou dentro de corpos mumificados (Araudjo et al., 2003). O estudo
dos coprdlitos nos permite avaliar os habitos e dados ecolégicos das populacdes
antigas (Chame e Sianto, 2011) e suas doencas parasitarias (Aradjo et al., 1981).
Segundo Ferreira (2011) os primeiros trabalhos publicados na area foram o de
Ruffer, em 1910, na qual descreve o achado de Schistosoma haematobium no
tecido renal de mumias egipcias datadas de 1.250 a 1.100 a.C., e o de Szidat, em
1944, que descreve o encontro de Trichuris trichiura e Ascaris lumbricoides em
corpos bem preservados da Prussia. Com o desenvolvimento da técnica de
reidratacdo de coprolitos com fosfato trissédico, por Callen e Cameron (1960) e
aperfeicoamentos de técnicas comuns de diagndstico parasitologico (Reinhard et al.,
1988) a area da paleoparasitologia tem avangcado consideravelmente. A partir dai, a
analise microscopica de coprélitos tem permitido o encontro de um aumentado

namero de formas parasitarias.

A paleoparasitologia molecular € um campo de pesquisa dedicado a deteccéao,
identificacdo e caracterizagdo de DNA de microorganismos (bactérias, virus,
helmintos e protozoarios) em espécimes arqueoldgicos (lfiguez, 2011). A
paleogenética € um campo de estudo mais amplo, onde sdo estudados ndo s6 o
aDNA de microorganismos, como também aDNA de espécimes humanos, de
animais e plantas (Marota e Rollo, 2002). E um campo especializado da biologia
molecular aplicado ao estudo genético de materiais provenientes de sitios
arqueoldgicos e paleontologicos (Mendonga de Souza, 1997). Um novo campo na

area da paleoparasitologia molecular é a paleogenémica (Poinar et al., 2006), na



qual envolve a determinacéo e analise de grandes segmentos de aDNA na ordem de

milhdes de pares de base (pb) (Ifiguez, 2011; Keller et al., 2012).

O primeiro relato da recuperacdo de sequéncias de aDNA (DNA antigo) foi de
um equideo extinto, Equus quagga, por Higuchi e colaboradores (1984), através da
clonagem de um fragmento do DNA mitocondrial (mtDNA) de um espécime de
museu. Em 1985, a primeira sequéncia humana foi demonstrada por Paabo (1985)
na qual clonou e sequenciou um fragmento de DNA nuclear de uma mumia egipcia
datada de 2.600 anos a.C. (antes de Cristo). A demonstracdo das grandes
possibilidades de estudo com aDNA ficou evidenciada por um estudo de Golenberg
e colaboradores (1990), através da recuperacdo de aDNA de um espécime do

género Magnolia, datado de 17 a 20 milhdes de anos atras (Golenberg et al., 1990).

Apo6s o desenvolvimento da técnica da Reacdo em Cadeia da Polimerase
(Polymerase Chain Reaction — PCR), por Mullis e colaboradores (1986), a area da
paleoparasitologia molecular despertou interesse de diversos grupos de pesquisa.
Estudos aperfeicoando a nova técnica as caracteristicas do material arqueoldgico
foram publicados (Paabo, 1989; Rohland et al., 2010).

Sequéncias de DNA de microorganismos contemporaneos fornecem
evidéncias indiretas dos processos histéricos a que foram submetidos ao longo do
tempo (Hofreiter et al, 2001). Por isso, 0s objetivos dos estudos
paleomicrobioldgicos incluem: (i) a confirmacdo do diagndstico paleopatolégico; (ii)
responder questdes historicas como a origem e dispersdo de diversas doencas pelo
planeta; (iii) o diagndstico das doencas infecciosas do passado através da deteccéo
do microorganismo especifico; (iv) a elucidacdo da epidemiologia das doencas
infecciosas do passado pela reconstrucdo temporal e distribuicdo geografica dos
individuos infectados, reservatorios e vetores; e (v) estimar a evolu¢gdo molecular dos
microorganismos e a comparar os patogenos do passado com os atuais (Drancourt
e Raoult, 2005; Donoghue, 2009).

1.1.1 DNA antigo

DNA antigo é o termo usado para designar fragmentos de DNA encontrados
em material biolégico preservado ou fossilizado (Brown e Brown, 1994; Iiiguez,
2011), que incluem material de origem humana ou animal, como 0ssos, dentes,
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tecidos, cabelos e coprolitos; de origem vegetal, como sementes e material de

herbarios; assim como insetos em ambar e permafrost (Ifiguez, 2011).

A instabilidade post-mortem do DNA é o problema metodolégico inerente a
pesquisa com aDNA (Willerslev e Cooper, 2005). O dano mais comum ao DNA em
remanescentes fosseis é a degradacdo em pequenos fragmentos, geralmente entre
100 e 500 pb (P&abo et al.,, 2004). Esta degradacdo post-mortem ocorre
principalmente devido & acdo de enzimas enddgenas (Paabo et al., 2004; Hofreiter
et al., 2001). A rapida dessecacao, baixas temperaturas e altas concentracdes de sal
podem inativar ou destruir essas enzimas, impedindo a quebra dos acidos nucleicos
(Hofreiter et al., 2001; Willerslev e Cooper, 2005). A degradacédo quimica pode ser
causada por processos hidroliticos e oxidativos, onde as desaminacdo e
depurinacdo ocorrem (Hofreiter et al., 2001), assim como dos efeitos da radiacao
sobre o material (Hofreiter et al., 2001; Sawyer et al., 2012). Adicionalmente, a
agressao ao aDNA pode ser causada por bactérias, fungos e insetos (Poinar et al.,
2003). Diversos estudos descrevem que os danos podem causar: (i) a quebra da
dupla fita de DNA, (ii) a presenca de sitios sem nucleotideos, (iii) a ligacdo do aDNA
a proteinas, e (iv) a incorporacéo de bases erradas, que conseguentemente causam
ambos artefatos no sequenciamento de DNA e amplificacdo de DNA contaminante
(Willerslev e Cooper, 2005; Paabo et al., 2004; Poinar et al., 2003; Hofreiter et al.,
2001). Entretanto a taxa de degradacao é dependente das condi¢cdes ambientais na
qual o espécime esta submetido (Fletcher et al., 2003). Uma estimativa sobre a
sobrevivéncia do aDNA evidenciou que o DNA amplificavel ndo sobrevive mais do
que 1 milhdo de anos em condic¢des ideais (Willerslev e Cooper, 2005). A potencial
preservacdo dos componentes biomoleculares varia consideravelmente com a
estrutura molecular, o ambiente deposicional e a histéria diagenética de cada

material (Eglinton e Logan, 1991).

1.1.2 Fatores Tafondmicos

A conservagdo do material organico é um assunto muito discutido na area da
paleoparasitologia e paleogenética. Os chamados “fatores tafondmicos”
compreendem nas influéncias externas que o material sofre apos ter sido depositado
em um determinado local. A temperatura, a umidade, o pH &cido do solo, a presenca
de insetos sdo alguns fatores que influenciam na preservacdo do material organico
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(Bouchet et al., 2003). A rapida interrupcdo da degradacdo € crucial para a
preservacdo do material, por isso, € conhecido que regides com baixas
temperaturas, como regides congeladas, preservam melhor o material organico
(Bouchet et al., 2003), um exemplo é extrema conservac¢do do Otzi, o “homem do
gelo” descoberto nos Alpes italianos na década de 1990 (Rollo et al., 2002). O clima
desértico, com baixa umidade e calor, também proporcionam uma boa conservagao
do material organico (Cockburn et al., 1998; Reinhard et al., 1992). Um exemplo é a
excelente preservacdo de mumias Chinchorro encontradas no deserto do Atacama,
no Chile (Arriaza et al., 1995). Em paises com clima tropical, onde ha altas
temperaturas e umidade, a preservacdo do material organico muitas vezes nao

permite o encontro de formas parasitarias e de DNA em amostras arqueoldgicas.

1.2 Tuberculose

1.2.1 O género Mycobacterium

O género Mycobacterium consiste em bacilos aerébios ndo formadores de
esporos, imoveis, medindo 0,2-0,6 x 1-10 um (Murray et al.,, 2006; Adékambi e
Drancourt, 2004). Apresenta uma parede celular complexa, formada principalmente
por um esqueleto peptideoglicano e acidos graxos de cadeia longa, denominados
acidos micélicos (Murray et al., 2006; Verschoor et al., 2012). A alta concentracdo de
acidos micélicos e a capacidade de reter o corante carbolfucsina, independente do
tratamento subsequente com uma mistura de etanol e &cido cloridrico, as torna
bactérias alcool-acido resistentes (Levinson e Jawetz, 2001; Tortora et al., 2005).

As  micobactérias pertencem a ordem  Actinomycetales, familia
Mycobacteriacea e género Mycobacterium (Dorronsoro e Torroba, 2007).
Atualmente, o género Mycobacterium apresenta mais de 125 espécies, que incluem
organismos causadores de doencas em humanos e animais (Gomila et al., 2007,
Gagneux, 2012), e sao classificadas em bactérias de crescimento lento ou rapido
(Adékambi e Drancourt, 2004).

Existem dois grupos de micobactérias de importancia médica: o Mycobacterium
leprae e o0 chamado complexo Mycobacterium tuberculosis (Mycobacterium
tuberculosis complex - MTC), que € composto pelas espécies M. tuberculosis sensu
stricto, M. africanum e M. canetti, que afetam primariamente humanos; e as espécies
gue afetam outros animais, como Mycobacterium bovis (um patégeno do gado),
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Mycobacterium caprae (cabras e ovelhas), Mycobacterium microti (roedores),
Mycobacterium pinnipedii (focas e ledes-marinhos) (Gagneux, 2012, Comas e
Gagneux, 2011) e Mycobacterium mungi (mangustos) (Alexander et al. 2010).
Embora os membros do MTC exibam diferentes caracteristicas fenotipicas e uma
gama de hospedeiros mamiferos, eles representam um dos exemplos mais extremos
de homogeneidade genética, com uma sequéncia idéntica do gene ribossomal RNA
16S (rRNA) (Brosch et al., 2002). As espécies do MTC apresentam entre 0,01% a
0,03% de variacdo nucleotidica sinbnima (Gutierrez et al., 2005; Hughes et al.,
2002). Além disso, os elementos de DNA repetitivos tais como a sequéncia de
insercao 1S6110 e de repeticdo direta (DR) sdo idénticos e descritos como restritos
ao complexo M. tuberculosis (van Soolinger et al., 1997).

As micobactérias ndo pertencentes ao MTC sdo um grupo heterogéneo de
bactérias denominadas de micobactérias atipicas, ambientais ou oportunistas
(Dorronsoro e Torroba, 2007). S&0 encontradas em muitos ecossistemas, como a
agua, a poeira e o solo, e ao causarem doen¢ca em humanos apresentam amplo
espectro de sintomas clinicos e diferente suscetibilidade a drogas (Gomila et al.,
2007, 2008). Sao considerados atualmente patégenos emergentes, pois cerca de
10% das micobactérias isoladas em laboratérios clinicos fazem parte deste grupo

(Dorronsoro e Torroba, 2007).

1.2.2 Tuberculose: A doenca

A tuberculose (TB) é um exemplo do equilibrio ecoldgico entre o hospedeiro e o
parasito (Tortora et al., 2005). Embora a maioria dos seres humanos desenvolvam
respostas imunolOgicas apropriadas apds a infeccdo, essas respostas podem nao
ser eficientes para erradicar a micobactéria. Em vez disso, tais respostas levam ao
estado clinicamente silencioso da infec¢cado na qual o individuo permanece no estado
latente por décadas antes de desenvolver a doenga ativa (Ernst, 2012).

Do ponto de vista de saude publica, a tuberculose pulmonar classica é a forma
clinica mais importante devido a sua natureza infecciosa (OMS, 2013; Gagneux,
2012). Entretanto, a micobactéria pode acometer qualquer 6rgdo do corpo, e 0s
sinais e sintomas clinicos refletem o local da infeccdo (Murray et al., 2006; Zumla et
al., 2008). M. tuberculosis é transmitido através de aerossois contaminados
eliminados por um individuo infectado; e em grande parte, se ndo exclusivamente,
habita células fagociticas profissionais dos pulmdes, incluindo macréfagos,
neutrofilos, mondcitos e células dendriticas (Ernst, 2012). Os sintomas clinicos
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classicos da TB pulmonar incluem tosse cronica, producdo de catarro, perda de
apetite e de peso, febre, suores noturnos e hemoptise (Zumla et al., 2013).

A TB extrapulmonar ocorre em 10 a 42% dos pacientes, dependendo da raga
ou origem étnica, idade, presenca ou auséncia de doenca subjacente, da linhagem
de M. tuberculosis, e do estado imunolégico do paciente (Caws et al., 2008; Zumla et
al., 2013). A TB miliar é uma forma potencialmente fatal de TB que resulta da
disseminacgdo do bacilo através do sistema linfatico e sanguineo (Ray et al., 2013).
Entretanto, estima — se que a TB miliar corresponda a menos de 2% dos casos de
TB em imunocomprometidos (Caws et al., 2008). A TB osteoarticular é responsavel
por cerca de 1 a 3% de todos os casos de TB e é a principal causa da osteomielite.
Qualquer osso ou articulacdo pode ser infectado pela micobactéria, mas a coluna
vertebral, quadril e joelhos (Mehta et al., 2012), assim como 0 0SSO esterno e as
costelas, sdo especialmente suscetiveis a infeccdo devido a alta concentracdo de
células hematopoiéticas e vascularidade (Ortner e Putschar, 1981). O envolvimento
da coluna vertebral € caracteristica da TB Ossea, onde vértebras lombares e
toracicas sdo as mais comumente observadas acometidas pela infeccdo (Wilbur et
al., 2009). Os corpos vertebrais sdo o principal foco da infec¢do, e sua destruicao
frequentemente leva ao seu colapso, e as deformidades subsequentes, muitas
vezes ddo origem ao aparecimento da corcunda caracteristica (Braun et al., 1998),
conhecida como doenca de Pott (Crubezi et al., 1998). Em paleopatologia as lesdes
Osseas vertebrais sugerem a presenca da doenca em remanescentes humanos
esqueletais. Entretanto, essas modificacfes 6sseas ndo sdo patognomoénicas da TB
(Braun et al., 1998; Wilbur et al., 2009) e o diagndstico diferencial da TB 6ssea nem
sempre € possivel devido a similaridade com outros agravos (Baron et al., 1996). As
formacdes anormais na superficie visceral das costelas podem ser indicativas de TB
pulmonar, contudo, essas lesGes ocorrem devido a um processo inflamatorio
secundario a uma infeccdo pulmonar, e também n&o pode ser considerado
patognomonico de TB (Wilbur et al., 2009).

O método mais comumente utilizado para o diagnéstico da TB € a baciloscopia,
desenvolvido ha mais de 100 anos, onde as bactérias sdo observadas em amostras
de escarro examinadas sob um microscopio (OMS, 2013; Small e Pai, 2010).
Entretanto, necessita de microscopistas experientes e altas concentracbes de
bacilos na amostra de escarro para ter um resultado positivo, o que € incomum em
amostras pediatricas (Tran et al., 2013). O método de cultura mais utilizado € o meio
sélido Lowestein-Jensen (LJ), o qual é mais sensivel que a baciloscopia mas requer
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longos tempos de incubacao (de até 6 semanas) (Tran et al., 2013). Alguns métodos
de cultura comerciais reduzem o tempo de incubacdo e tem sensibilidade superior
ao método de cultura com meio LJ, entretanto, possuem custos elevados (Tran et
al., 2013).

Na década de 1920, foi desenvolvida a Unica vacina para a TB. O bacilo de
Calmette Guerin (BCG) € uma forma atenuada do M. bovis, espécie que afeta
principalmente bovinos (Gagneux, 2012; Daniel, 2005). No entanto, a BCG so6
protege criancas contra meningite tuberculosa, a forma mais grave da doenca, e nao
protege contra a classica TB pulmonar em adultos (Gagneux, 2012). Novas vacinas
estdo sendo desenvolvidas, ja em fase de triagem | e | (OMS, 2013).

A doenga é mais comum entre homens do que em mulheres, e afeta
principalmente adultos na faixa etaria economicamente produtiva (OMS, 2013).
Atualmente, varios fatores tém sido associados ao aumento da suscetibilidade dos
individuos a TB, e a coinfeccdo com o virus da Imunodeficiéncia Humana (HIV) é de
longe o mais importante e esta fortemente associado com a doenca disseminada
(Caws et al., 2008).

1.2.3 Epidemiologia

A TB € uma doenga com carater crénico. Seu diagnéstico continua sendo a
baciloscopia do escarro, método desenvolvido ha mais de 100 anos (OMS, 2012a)
gue apresenta baixa sensibilidade; e a vacina disponivel para prevencao da doenca
ndo é eficaz na prevencdo da TB pulmonar (Comas e Gagneux, 2009). Esses
fatores associados a negligéncia em relacdo a pesquisa basica em TB e a falta de
incentivo para desenvolvimento de insumos voltados para diagndéstico e tratamento,
ao longo dos anos, permitiu a reemergéncia da doenca (Comas e Gagneux, 2009).
Em 1993, a Organizacdo Mundial da Saude (OMS) declarou a TB como emergéncia
global de saude publica (OMS, 2011a) e tracou estratégias para controlar a
epidemia. Foi criada a estratégia Stop TB, lancada em 2006, que tem como
principais objetivos diminuir consideravelmente a incidéncia da doenca e reduzir a
taxa de mortalidade e prevaléncia em 50% até 2015 (OMS, 2012a).

Mesmo que durante os ultimos séculos a TB tenha sido a causa da metade de
todas as mortes na Europa e América do Norte, hoje a doencga afeta principalmente
0s paises em desenvolvimento (Gagneux, 2012). Estimativas suportam que em 2011
a maioria dos novos casos de TB ocorreu na Asia (59%) e Africa (26%), e em menor
proporcao na regido do Mediterraneo (7,7%), Europa (4,3%) e nas Américas (3%)
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(OMS, 2012a). Apesar da introducdo da quimioterapia contra a tuberculose, que
comecou na década de 1940, atualmente tem se observado a emergéncia de novos
eventos da pandemia global TB/HIV/AIDS e o surgimento de resisténcia aos
antimicrobianos (Gagneux, 2012). Estima-se que 2 bilhdes de pessoas no mundo
tenham a infeccdo latente e corram o risco de reativacdo (Zumla et al., 2013),
proporcionando um grande reservatorio para a TB, que vai durar por décadas (Barry
et al., 2009).

Em 2012, existiram cerca de 8,6 milhdes de novos casos de TB e 1,3 milhdes
de pessoas morreram da doenca (incluindo 320.000 mortes entre as pessoas HIV
positivas) (OMS, 2013). Apesar disso, segundo a OMS, os objetivos das estratégias
de controle ja foram alcangados: a incidéncia diminuiu ao longo dos anos, a taxa de
mortalidade da doenca caiu 41% desde 1990 e o mundo esta a caminho de atingir a
meta global de reduzir esta taxa em 50% (OMS, 2012a).

1.2.4 Origem MTC e linhagens atualmente existentes no mundo

Existem algumas hip6teses para explicar o surgimento do M. tuberculosis como
patdgeno humano. Inicialmente acreditava — se que a populacdo humana ficou livre
da infeccdo pelas micobactérias do MTC até a domesticacdo do gado, que ocorreu
h& aproximadamente 10.000 anos atras, e que eventos de adaptacdo da bactéria
permitiram a especiacao de M. bovis para M. tuberculosis (Barnes, 2005; Stead et
al., 1995). Entretanto, esta hipotese ndo € mais aceita. Estudos acerca da evolucéo
molecular demonstraram que existiu um ancestral comum a todos os membros do
MTC no leste Africano, ha aproximadamente trés milhdes de anos atrds, chamado
de prototuberculosis (Gutierrez et al., 2005). Evidéncias paleopatolégicas sugestivas
de meningite tuberculosa foram descritas em um féssil hominideo, compativel com a
espécie Homo erectus, datado de 500.000 anos atras proveniente da regido da atual
Turquia (Kappelman et al., 2008). Este trabalho sugere que a infeccdo humana por
micobactérias pré-data a existéncia do homem anatomicamente moderno.

O ancestral comum a todos os membros do MTC sofreu um gargalo evolutivo
ha aproximadamente 20.000 a 40.000 anos atras, periodo que coincide com a
expansio das popula¢ées humanas para fora da Africa (Namouchi et al., 2013; Wirth
et al., 2008; Gutierrez et al., 2005; Brosch et al., 2002; Sreevatsan et al., 1997). Além
disso, foi descrito um padrdo de coevolucdo da espécie M. tuberculosis com o
hospedeiro humano, e estudos tém demonstrado que essa interagcdo provavelmente
esteve presente nas populacdes de cacadores e coletores antes mesmo deles
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migrarem para fora da Africa (Comas et al., 2013; Gagneux, 2012). Durante este
periodo, as populacbes humanas viviam na forma de pequenos grupos
populacionais e dispersas geograficamente, o que favoreceu a transmissao
intrafamiliar e resultou na associacao estavel entre patdgeno e hospedeiro. Acredita-
se que o periodo de laténcia caracteristico da tuberculose humana pode ser uma
adaptacdo do M. tuberculosis as baixas densidades populacionais (Hersberg et al.,
2008). Atualmente, o sucesso do M. tuberculosis como patégeno humano esta
associado ao aumento da densidade populacional recente, que é tipico das doencas
de multiddo (Comas et al., 2013; Namouchi et al., 2012). Com o crescimento
populacional humano desenfreado e a revolugdo industrial, as linhagens do
patégeno associadas ao hospedeiro humano fortemente se expandiram (Wirth et al.,
2008).

Este gargalo genético inicial foi seguido de 10.000 a 20.000 anos mais tarde,
pela radiacdo de duas linhagens principais, uma das quais se espalham de humanos
para animais (Wirth et al., 2008). Adicionalmente, estudos tém demonstrado que M.
bovis e outras espécies do MTC adaptadas a animais, sofreram numerosas
delecdes e apresentam um genoma 60.000 pb menor que M. tuberculosis (Garnier
et al., 2003; Brosch et al., 2002), e que embora M. tuberculosis e M. bovis dividam
um ancestral comum, o cenario mais aceito atualmente sugere que o hospedeiro
humano transmitiu a micobactéria aos animais, e ndo o contrario (Smith et al., 2009).

Um recente novo membro do MTC, o Mycobacterium canetti, € um bacilo raro,
com um fendtipo de coldnia distinta que é diferente dos outros membros descritos
até o momento (van Soolinger et al., 1997). Apresenta alto grau de similaridade
genética de genes constitutivos e 16S rDNA com membros do MTC (van Soolinger
et al., 1997), entretanto demonstra alto grau de diversidade genética intraespecifica
(Namouchi et al., 2013) e um genoma maior que 0s outros membros (4,5 Mb)
(Namouchi et al., 2012). Estudos genéticos tém demonstrado que esta nova espécie
poderia representar a linhagem mais préxima do ancestral comum aos membros do
MTC, e que corresponderia a linhagem pré-gargalo evolutivo que separou as outras
espécies (Brosh et al., 2002; Gutierrez et al., 2005).

Inicialmente, as linhagens do MTC foram classificadas em trés grupos de
linhagens (grupos 1 a 3), definidos através da andlise de polimorfismos de base
tnica (single-nucleotide polymorphism - SNP) nos genes catalase - peroxidase
(katG) e DNA girase (gyrA) (Sreevatsan et al., 1997). A distribuicdo destes
polimorfismos forneceu evidéncias que suportam a hipotese de que o grupo 1 é
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ancestral ao 2, que consequentemente, € ancestral ao grupo 3 (Sreevatsan et al.,
1997, Brosh et al., 2002). Entretanto, atualmente sabe-se que os membros do MTC
evoluiram em seis principais linhagens que estdo fortemente associadas com
regides geograficas particulares (linhagens filogeograficas) (Namouchi et al., 2012;
Gagneux et al., 2006). A primeira migracdo humana para fora da Africa ocorreu em
direcdo ao oceano indico, dando origem a linhagem Indo-Oceénica (Hershberg et
al., 2008). Esta linhagem inclui um grupo de cepas que tém sido consideradas
“ancestrais”, ja que conservam a regiao genémica TbD1, a qual € ausente nas cepas
consideradas “modernas” de M. tuberculosis (Gagneux et al., 2006). Outros grupos
populacionais foram em direcdo a Europa, norte da India e leste Asiatico, dando
origem a outras trés linhagens, assim nomeadas, de acordo com a localizacdo. A
linhagem do leste Asiatico inclui, entre outras cepas, a familia Beijing. As linhagens
Africa Ocidental 1 e Africa Ocidental 2 correspondem as cepas de M. africanum; e a
linhagem Euro-Americana agrupa as cepas que foram inicialmente descritas como

grupo 2 e 3 (Gagneux et al., 2006).

1.2.5 A Tuberculose no passado

O primeiro trabalho publicado na area da paleomicrobiologia foi a detec¢éo de
aDNA de micobactérias do MTC em remanescentes esqueletais por Spigelman e
Lemma no ano de 1993. A partir deste trabalho, muitos outros tém demonstrado a
infeccdo pelos membros do MTC em diferentes populaces humanas e periodos.
Uma grande questéo estudada pela comunidade cientifica acerca da TB no passado
€ a presenca da doenca no continente americano antes da chegada dos

colonizadores europeus.

E conhecido que a TB existiu no continente americano antes da chegada dos
exploradores europeus. Evidéncias paleopatolégicas sugestivas de TB foram
descritas em populacdes pré — Colombianas do Peru, do Chile (Allison et al., 1973,
1981) e da Venezuela (Requena, 1945). Entretanto a confirmacdo da presenca da
bactéria ocorreu em 1994, com um trabalho realizado por Salo e colaboradores
(1994) em que recuperam aDNA de MTC em mumias naturalmente mumificadas
provenientes do sitio Chiribaia Alta, Peru, datadas de 1.000 a 1.300 d.C.. Este
trabalho, juntamente com o de Spigelmam e Lemma, tem particular importancia,
porque demonstra que 0s colonizadores europeus nao foram os responsaveis por

introduzir o MTC no continente americano. Diversos outros trabalhos tém
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demonstrado a presenca de aDNA de MTC em remanescentes humanos pré —
Colombianos: da regido andina (Konomi et al., 2002), do Chile (Arriaza et al., 1995),
da Colémbia (Sotomayor et al., 2004), e do Peru (Klaus et al., 2010). Além disso, foi
possivel detectar a presenca de lesédo indicativa de TB, assim como de aDNA de
MTC, em material 6sseo de um bisdo extinto, datado de 17.870 £ 230 anos atras,
nos Estados Unidos (Rothschild et al., 2001). Este trabalho demonstrou através da
técnica de Spoligotyping que as espécies do MTC mais provaveis por estar

infectando este animal seriam M. tuberculosis e M. africanum, € ndo M. bovis.

A hipotese para explicar a presenca da TB no continente americano, durante o
periodo pré — Colombiano, é a existéncia de infeccdo por micobactérias nas
populac6es humanas que migraram e conquistaram novos territorios pelo planeta.
Acredita — se que as primeiras populagdes humanas modernas sairam da Africa em
duas principais ondas de migrac&do: uma dispersao inicial para o leste, em direcao ao
oceano indico, comecando entre 62.000 — 75.000 anos atras; e uma dispersdo mais
tardia, em direcdo a Eurasia, entre 25.000 — 38.000 anos atras (Comas et al., 2013).
As populagBes provenientes da Asia alcancaram o continente americano através do
Estreito de Bering, e por rotas alternativas, e trouxeram consigo o M. tuberculosis.
Entretanto, acredita — se que a doenca permaneceu em baixos niveis de
endemicidade e dispersa nos grupos populacionais (Daniel, 2000; 2004; Gomes i
Pratt e Souza, 2003).

Outra hipétese que explicaria como e quando a TB alcancou o continente
Americano propfe a introducdo dessas bactérias com a vinda dos colonizadores
europeus as Américas (Barnes, 2005). Evidéncias historicas relatam a existéncia de
uma doenca similar & TB no Velho Mundo desde a Idade Média até o inicio do
século XX (Daniel, 2000; 2004). Estudos paleogenéticos tém demonstrado a
presenca de aDNA da espécie M. tuberculosis em remanescentes humanos muito
mais antigos no Velho Mundo: datados de 9.000 anos atras, na regido do
Mediterraneo Oriental (Hershkovitz et al., 2008); assim como no Egito antigo em
mumias datadas desde 3.000 até 500 a.C. (Nerlich et al., 1997; Crubezi et al., 1998;
Zink et al., 2001; 2003; 2005; Lalremruata et al., 2013), e na Europa durante o
periodo Medieval (Taylor et al., 1996; Haas et al., 2000) e durante os séculos XVIIl e
XIX (Fletcher et al., 2003; Bouwman et al., 2012).

Acredita — se que as duas hipoteses podem ser verdadeiras. Possivelmente: (i)
a TB permaneceu em baixos niveis de endemicidade e dispersa entre 0s grupos
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populacionais nativos americanos (Daniel, 2000); (ii) a relacdo parasito/hospedeiro
tende ao comensalismo e a infeccdo benigna (Daniel, 2000; 2004); (iii) muitos
grupos nativos americanos nao haviam sido expostos ao M. tuberculosis (Daniel,
2000; 2004); (iv) a ruptura cultural e social sofrida pelos nativos americanos 0s
tornou mais suscetiveis as diversas doencas infecciosas e parasitarias (Wilbur e
Buikstra, 2006); e (v) possivelmente os colonizadores europeus trouxeram linhagens
de M. tuberculosis diferentes e mais virulentas do que aquelas existentes no

continente americano antes da sua chegada (Daniel, 2004).

1.3 Parasitos intestinais

As parasitoses intestinais causadas por helmintos s&o as infeccbes mais
frequentes em paises em desenvolvimento. Estimativas da Organizagdo Mundial da
Saude indicam que mais de 2 bilhdes de pessoas estédo infectadas pelos helmintos
transmitidos pelo solo, Ascaris lumbricoides, Trichuris trichiura, Necator americanus
e Ancylostoma duodenale, em todo o mundo (OMS, 2012b). No ano de 2011
aproximadamente 800 milhdes de pessoas estavam infectadas pelo nematoide
Ascaris lumbricoides, e 600 milhdes estavam infectadas por Trichuris trichiura e
pelas espécies de ancilostomideo, Ancylostoma duodenale e Necator americanus
(OMS, 2011b).

No Brasil os estudos com material arqueol6gico surgiram no final da década de
70, com o trabalho de Ferreira e colaboradores (1979), na qual descrevem ovos de
ancilostomideo e T. trichiura em coprolitos humanos provenientes do sitio Gruta do
Gentio Il, em Minas Gerais, datados do periodo pré — Colombiano; e o termo
paleoparasitologia foi criado por esse grupo de pesquisa. Muitos grupos de pesquisa
pelo mundo tém se dedicado ao estudo de parasitos no passado. Diversas
publicacdes tém demonstrado a presenca de doencgas parasitarias em populacdes
antigas e ajudam a elucidar a origem de algumas doencas parasitarias humanas.

Quase todos os parasitos humanos conhecidos tém sido encontrados em
coprolitos (Gongalves et al.,, 2003). Os nematdides Enterobius vermicularis e
Trichuris trichiura sdo considerados “parasitos herdados”, pois evoluiram juntamente
com o hospedeiro humano (Aradjo et al., 2008; 2013). E sugerido que E.
vermicularis acompanhou as migracdées humanas e sua entrada no continente
americano através de sua passagem pelo Estreito de Bering durante a udltima

glaciacdo (Araujo et al., 2008). Outras rotas migratorias humanas foram propostas
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analisando a infeccdo por parasitos intestinais em populacfes antigas do Novo
Mundo. A presenca de ancilostomideos, T. trichiura e Strongyloides stercoralis, em
coprolitos humanos de sitios americanos pré — Colombianos nédo p6de ser facilmente
justificada pelas migracdes humanas pelo Estreito de Bering, ja que esses parasitos
s6 evoluem para o estagio infetante em condicbes de umidade e temperatura ideais,
sendo assim o ciclo biolégico ndo se sustentaria nas extremas temperaturas da
Beringia (Aradjo et al., 1988; Araujo et al.,, 2008). Com base em modelagens
paleoclimaticas e dados paleoparasitolégicos usando como modelo o0s
ancilostomideos, apenas em circunstancias extraordinarias e com uma velocidade
significativa de deslocamento seria possivel introduzir estes parasitos nas Américas
(Montenegro et al., 2006).

A infeccé@o pelo Ascaris sp. € conhecida no Velho Mundo desde 30.000 + 140
anos atras (Bouchet et al., 1997) até o periodo historico (Goncgalves et al., 2003); ja o
parasito T. trichiura possui uma ampla distribuicdo em todos os continentes, tanto no
Velho quanto no Novo Mundo (Gongalves et al., 2003). Ifiiguez e colaboradores
(2003) recuperaram aDNA de E. vermicularis a partir de coprdlitos humanos em
populacdes pré — Colombianas das Américas. Uma linhagem detectada na costa do
Chile, diferente a encontrada em todos os sitios analisados e nas popula¢fes atuais,
reascende a hipétese de introducdo trans — pacifica do parasito (lfiguez et al.,
2006). Leles e colaboradores (2008) também aplicaram o diagndéstico
paleoparasitoldgico molecular para Ascaris sp. em coprélitos humanos da América
do Sul, o que possibilitou desenhar um novo panorama sobre a paleodistribuicdo do
parasito no continente.

No Brasil, poucos estudos tém demonstrado a presenca de parasitos intestinais
em populacdes do periodo colonial. Estudos anteriores demonstraram a presenca de
infeccdo por Trichuris trichiura e Trichostrongylidae em um sitio arqueoldgico de
Minas Gerais através da microscopia de luz (Confalonieri et al., 1981; Araujo et al.,
1984), e a presenca de aDNA de Ascaris sp. e Trichuris trichiura em um sitio

arqueoldgico do Rio de Janeiro (Leles, 2010a).

1.4 Ancestralidade humana

Estudos antropologicos aplicam o conceito “raga” ou “etnia” para determinar a
qgue grupo certo individuo pertence. Entretanto, nas ultimas décadas, biélogos e
geneticistas tém afirmado que o conceito de “raga” ndo € aplicavel a espécie

humana (Santos et al., 2009) e que “ragas” humanas nao sao e nunca foram "puras”
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(Templeton, 1998). Uma alternativa para o uso de categorias raciais ou étnicas em
pesquisa genética é categorizar os individuos em ancestralidade. A ancestralidade
pode ser definida geograficamente (por exemplo, vietnamita, noruegués) ou
culturalmente (por exemplo, Apache, Yanomami) (REGWG, 2005). Entretanto, os
termos raca, etnia e ancestralidade descrevem apenas uma parte da complexa rede
de conexdes bioldgicas e sociais que ligam individuos e grupos humanos entre si
(REGWG, 2005).

A dispersdo de grupos humanos anatomicamente modernos ao longo dos
altimos 100 mil anos tem produzido padrdes de variacdo fenotipica nos individuos
(REGWG, 2005) e o mtDNA humano apresenta polimorfismos nas sequéncias
nucleotidicas correspondentes a diferentes grupos populacionais (Salas e Amigo,
2010). O mtDNA esté presente na organela mitocondria e € de heranca matrilinear
(Richards et al., 2000; Salas e Amigo, 2010). Existem entre 100 e 10.000 copias de
MtDNA por célula, e sdo moléculas circulares que apresentam aproximadamente
16.500 pb de tamanho (Salas e Amigo, 2010). O genoma mitocondrial pode ser
dividido em duas partes: a regido reguladora e a regido codificadora. A regiao
reguladora ou controle € subdividida em outras duas partes, regidao hipervariavel | e
Il (HVS-1 e HVS-II — hypervariable segment | e Il, respectivamente) (Salas e Amigo,
2010). Os altos niveis de variacdes observados na molécula de mtDNA séo devido a
altas taxas de mutacOes (Starikovskaya et al., 1998), e esta estruturado em
diferentes populacdes ou grupos étnicos (Salas e Amigo, 2010). Atualmente, existem
mais de 130.000 diferentes grupos de HVS-I mtDNA relatados na literatura (Salas e
Amigo, 2010).

Diversos estudos tém utilizado o mtDNA para estudos populacionais. O estudo
do perfil haplotipico mitocondrial, nas abordagens de genética forense e de aDNA,
pode contribuir para o entendimento da provavel origem/ancestralidade de um
individuo, investigar as rotas de dispersédo e migracdo de popula¢des humanas pelo
planeta (Maca-Meyer et al., 2001), estabelecer relacdes de parentesco entre grupos
e pessoas (Chilvers et al., 2008) e determinar a distancia genética entre populacbes
gue habitavam a mesma regido geografica em periodos diferentes (Kemp et al.,
2009).

A divergéncia dos macrohaplogrupos de mtDNA inicia — se no leste africano, de

onde sairam os primeiros homens anatomicamente modernos (Boattini et al., 2013).
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Dados de mtDNA sugerem que individuos carregando o macrohaplogrupo L3 foram
em direcdo ao norte ha aproximadamente 60.000 e 70.000 anos atras (Fernandes et
al., 2012; Comas et al., 2013). Apdés um periodo de mutacdes, os macrohaplogrupos
M e N foram formados e o ancestral L3 foi perdido (Macaulay et al., 2005). Juntos,
os macrohaplogrupos M e N abrangem toda a variacdo haplotipica observada no
resto do mundo (Fernandes et al., 2012). Periodos de isolamento geografico e
endogamia, entre outros fatores, como o clima e fatores histdricos, tém contribuido
para os padrdes de variacao genética humana vista no mundo hoje (REGWG, 2005).
E conhecido que o desenvolvimento da agricultura e a adocéo de distintas linguas
por alguns grupos tiveram grande importancia na diferenciagao/separacao dos
macrohaplogrupos (Kemp et al., 2010).

Africa apresenta o quadro genético mais complexo de todos os continentes,
pois apresenta uma distancia genética de mais de 100.000 anos entre o0s
macrohaplogrupos (Salas et al., 2002). Os macrohaplogrupos caracteristicos de

populacdes africanas foram designados LO a L6 (Harich et al., 2010).

Os macrohaplogrupos conhecidos como originarios na Europa foram resultados
de varias ondas de migracdo humana durante o Paleolitico e sofreram grande
influéncia da udltima glaciacdo, ha aproximadamente 20.000 anos atras, que
proporcionou areas de isolamento geografico e refagio (Richards et al., 2000; Achilli
et al., 2004). E sugerido também que o advento da agricultura no continente europeu
foi acompanhado por uma extensa onda de migracdo proveniente do Oriente
Proximo, de modo que os macrohaplogrupos europeus modernos sofrem influéncia
desses macrohaplogrupos orientais (Richards et al., 2000). Os macrohaplogrupos
europeus sdo 0s que apresentam maior variabilidade e nimero, sendo 0s principais:
H-K, T, U3-U5 e V-X (Richards et al., 1996; 2000).

Os nativos americanos tém sido classificados em cinco macrohaplogrupos de
mtDNA, A, B, C, D e o mais raro X, todos de origem asiatica (Tamm et al., 2007,
Fagundes et al., 2008). Diversos grupos de pesquisa tém se dedicado ao estudo das
migracdes humanas e proposto modelos para povoamento das Américas.
Inicialmente, foi sugerido que trés ondas migratérias humanas povoaram o
continente americano (Greenberg et al.,, 1986). Entretanto, outros estudos tém
indicado uma Unica onda de migracdo (Bonatto e Salzano, 1997), ou multiplas
entradas de grupos populacionais (Peredo et al., 2009).
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A sequéncia referéncia de Cambridge (CRS - Cambridge Reference
Sequence) foi publicada inicialmente durante o projeto de sequenciamento do
genoma humano em 1981 (Anderson et al., 1981) e é a sequéncia do mtDNA
humano universal utilizada como referéncia para classificar os haplétipos e
estabelecer as comparacfes entre individuos. Esta sequéncia foi revisada e

corrigida por Andrews e colaboradores em 1999 (Andrews et al., 1999).
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar o cenario epidemiolégico da tuberculose na populacdo do Rio de
Janeiro entre os séculos XVII e XIX através da analise paleogenética do complexo
Mycobacterium tuberculosis, bem como da analise do perfil paleoparasitolégico e da

ancestralidade humana das populacdes.

2.2 Objetivos Especificos

¢ Recuperar e amplificar pela PCR aDNA humano para caracterizar o perfil
haplotipico mitocondrial das populacdes em estudo do Rio de Janeiro no

periodo historico.

e Detectar através de técnicas moleculares a presenca de bactérias do

MTC em amostras provenientes de sitios histéricos do Rio de Janeiro.

e Determinar o perfil paleoparasitolégico e paleoparasitolégico molecular

das popula¢cdes em estudo do Rio de Janeiro no periodo histérico.

17



3 ARTIGOS CIENTIFICOS

3.1 Mycobacterium tuberculosis complex detection in human remains:

tuberculosis spread since the 17th century in Rio de Janeiro, Brazil

Figura 3.1: Coleta paléogenética e prcessamento do material arqueoldégico na

unidade de paleogenética, sitio Igreja Nossa senhora do Carmo, Rio de Janeiro,
Brasil. Coleta paleogenética (A, B) realizada diretamente no sitio arqueoldgico,
demonstrando o uso de EPIs e materiais descartaveis. Processamento do
material 6sseo realizado na unidade de paleogenética: raspagem da superficie
do material 6sseo (C) e extracdo de aDNA (D).
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A Igreja Nossa Senhora do Carmo (INSC) esta localizada no centro da cidade
do Rio de Janeiro, na antiga Rua Direita (atual Rua Primeiro de Mar¢o). Sua historia
comeca antes de 1600, com a constru¢cdo de uma capela para a instalacdo da
Ordem dos Carmelitas. Em 1808, com a chegada da familia Real Portuguesa ao
Brasil, a INSC foi homeada capela Real. Posteriormente, foi nomeada catedral da
cidade, titulo que permaneceu até 1976. Durante as obras de para comemoracao
dos 200 anos da chegada da familia Real Portuguesa ao Brasil, enterramentos
humanos foram descobertos datados dos séculos XVII a XIX. Desta maneira um
salvamento arqueoldgico foi realizado pelo Instituto de Arqueologia Brasileira (IAB).
Artefatos caracteristicos da religido catélica e da cultura africana foram descobertos
associados ou nao aos enterramentos. Para este estudo foi realizada a coleta
paleogenética, na qual sdo utilizados Equipamentos de Protecao Individual (EPI) por
todos os manipuladores, tanto arquedlogos quanto paleogeneticistas, e materiais
estéreis e descartaveis. Ainda o material recém coletado é protegido da luz e
mantido a baixas temperatura até a chegada ao laboratério. Essas medidas séo
aplicadas com o objetivo de evitar a contaminacdo com DNA moderno (mMDNA) e a
degradacdo do aDNA. Para este estudo foram analisados 28 enterramentos (22
enterramentos primarios e 6 secundéarios). Foram coletadas amostras
representativas de 32 individuos: ossos (29) e sedimentos (11), relacionadas ou ndo
ao sitio da infec¢do. Além disso, foram coletadas amostras de sedimentos entre
enterramentos (11) como controles negativos do ambiente. A andlise de deteccao de
individuos positivos para tuberculose foi realizada através da técnica de Hibridagcéo
de aDNA total por quimioluminescéncia, com os alvos especificos para bactérias do
MTC: 1S6110 e 1S1081. A analise da ancestralidade humana foi realizada através da
PCR, utilizando a regido hipervariavel | do DNA mitocondrial humano. Os resultados
revelaram que 23 amostras foram positivas para os alvos 1S6110, representando 17
dos 32 individuos analisados. Esses resultados foram confirmados em 14 amostras,
com o alvo 1S1081. Dentre as amostras sitio especificas, observou-se um sucesso
na deteccdo de MTC nas amostras de sedimento de pulmé&o. Os resultados de
ancestralidade humana demonstraram que foi possivel recuperar e identificar o
haplogrupo de mtDNA em 23 dos 32 individuos analisados com 91,3% de
haplogrupos europeus. Se considerarmos apenas enterramentos primarios, 100%
dos haplogrupos foram europeus, e em enterramentos secundarios foram
observados haplogrupos europeus, um individuo amerindio e um africano. No
estudo, foi demonstrada a infec¢do por bactérias do MTC em 53,1% dos individuos
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analisados. Considerando os resultados da ancestralidade europeia dos individuos
enterrados no sitio INSC, este trabalho estd de acordo com evidéncias que
demonstram uma epidemia de TB na Europa durante este periodo. Nosso trabalho
demonstra a importante contribuicdo dos europeus na distribuicdo e manutencéo da
doenca na cidade. E apesar de sabermos que existiu a TB na América pré —
Colombiana, provavelmente causada por cepas endémicas, pouco virulentas e
dispersas entre os grupos populacionais, as cepas epidémicas europeias foram
devastadoras no que diz respeito a distribuicdo da TB no pais. O Rio de Janeiro,
assim como algumas cidades europeias, foi um grande centro comercial do pais. O
crescimento da cidade, assim como o crescimento populacional e da pobreza, nao
foi acompanhado por uma politica de saldde publica, o que permitiu a maior

transmissao da bactéria causadora da TB.
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Paleogenetic analysis for tuberculosis (TB) was conducted on bone and sediment samples dating from the
17th to 19th centuries from the archeological site of Nossa Senhora do Carmo Church in Rio de Janeiro,
Brazil. Forty samples were analyzed, corresponding to 32 individuals from 28 burials, 22 of primary type

Keywords: i and 6 of secondary type. The samples were collected following strict paleogenetic investigation guide-
Tuberculosis lines and submitted to ancient DNA (aDNA) extraction. In order to detect TB infection, aDNA hybridiza-
Ancient DNA

tions with the molecular targets of Mycobacterium tuberculosis complex (MTC) IS6110 and I1S1081 were
applied. Additionally, the ancestry of individuals was assessed by human mitochondrial DNA (mtDNA)
analysis of hypervariable segment I {HVS-1) sequence polymorphisms. The results of aDNA hybridizations
demonstrated varying levels of MTC intensity in 17/32 individuals (53.1%), using the 156110 target. The
1S1081 MTC target showed lower sensitivity, confirming TB positivity in 10/32 (31.2%) individuals. The
mtDNA analysis allowed the recovery of HVS-I sequences in 23(32 individuals (71.8%). The majority of
these individuals (21/23, 91.3%) were of European ancestry, especially in primary burials. Haplogroups
U], V., T,K, N, Hand R, were identified with haplogroup U being the most frequent at 6/23 (26.1%). African
and Amerindian mtDNA haplogroups were observed in two individuals in secondary burials. In spite of
the ecclesiastic and aristocratic bias of the population of the study, human ancestry analysis revealed

Human mtDNA
Mycobacterium tuberculosis complex
Brazil

the prominent contribution of Europeans in the introduction or spread of TB in the New World.

@ 2011 Elsevier B.V. All rights reserved.

1. Introduction

The mycobacterial disease tuberculosis (TB) has plagued hu-
mans, and probably our hominid ancestors, for millennia (Wilbur
et al.,2008). The epidemiological history of mycobacterial infection
has been supported by reports of ancient Mycobacterium tuberculo-
sis (Donoghue et al., 2004). In spite of this, some issues remain ob-
scure or have generated debate. Investigations of ancient DNA
(aDNA) have been helpful in answering important questions
regarding the origin, evolution, and spread of tuberculosis. For
many years, it was thought that human tuberculosis evolved from
the bovine disease by adaptation of Mycobacterium bovis to the hu-
man host during domestication, 10,000-15,000 years ago. It is now
known that members of the M. tuberculosis complex (MTC) evolved
from a common ancestor that existed about 3 million years ago
(Brosch et al., 2002), and that the bacillus suffered a major bottle-
neck approximately 15,000-20,000 years ago (Sreevatsan et al.,

#* Corresponding author. Tel.: +55 21 38658168; fax: +55 21 22604282,
E-mail address: alena@ioc fiocruz.br (AM. Ifiguez ).

1567-1348/$ - see front matter @ 2011 Elsevier B.V. All rights reserved.
doi:10.1016(j.meegid.2011.08.021
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1997). The recovery of M. tuberculosis aDNA from North American
bison from the Pleistocene (17,500 years ago) and from Egyptian
and South American human mummies have provided strong
validation.

Historical evidence supports the epidemic character of TB in
Europe from the 16th to the early 20th centuries (Daniel, 2000;
Fletcher et al., 2003). Pulmonary tuberculosis is indicated as a ma-
jor cause of death in Europe during the 18-19th centuries (Cole,
2002). Paleogenetic studies have shown the presence of MTC and
M. tuberculosis aDNA in European populations, It is recognized that
TB existed in America before the arrival of European settlers. Sev-
eral studies have verified paleopathological evidence on human
bones indicative of TB as well as the detection of MTC aDNA, in hu-
man remains (Buikstra and Cook, 1981; Gomez i Prat and de Souza,
2003; Salo et al., 1994). In South America, pulmonary and osteolog-
ical TB have been assessed by MTC aDNA, paleopathology, and
multidetector computed tomography (MDCT) analysis, mainly in
pre-Columbian populations of Peru and Chile, with single records
in Venezuela and Colombia (Allison et al., 1973; Arriaza et al.,
1995; Klaus et al., 2010; Requena, 1945; Sotomayor et al., 2004;
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Spigelman and Lemma, 1993). These studies suggest that MTC was
introduced by the first human migrations during the peopling of
America, remaining at low endemic levels. An epidemic pattern
was only reached in urban centers or when biocultural orjand so-
cial disruption took place (Gomez i Prat and de Souza, 2003). It has
also been suggested that non-tuberculosis Mycobacterium species
caused infection during this period, and that Europeans introduced
new strains of MTC into the Americas. Whether TB emerged or was
introduced into New World, the reality is that, clearly, TB became
more widespread and potent after the arrival of Europeans, and a
large number of cases and death among native Americans was re-
lated to intensification of contact with Europeans. There is cur-
rently no aDNA record of TB existence in prehistoric or even in
historic times in Brazil. More likely than reflecting a lack of infec-
tion, this can be attributed to the climatic conditions of the coun-
try, which are not favorable to preservation, and therefore, there is
a scarcity of mummies or well preserved skeletal remains.

Nossa Senhora do Carmo Church (1761) in Rio de Janeiro was
the chapel of the Portuguese royal family during the Empire Colo-
nial period and the Cathedral of the city until 1976. In 2007, during
an architectural restoration, archeological excavation of the church
identified numerous burials dating from the 17th to 19th centuries.
Human remains were collected following paleogenetic investiga-
tion guidelines on the archeological site to avoid aDNA degradation
and contamination by modern DNA of the skeletal series. The
material provided an excellent opportunity to research the ances-
tral patterns of the human population and the presence of patho-
gens of parasitic and infectious diseases during the Brazilian
historical period since the beginning of Portuguese colonization
at the end of the Brazilian Empire. In the present study, we con-
ducted genetic analysis of human remains from Nossa Senhora
do Carmo Church in order to (i) detect the presence of TB infection
by MTC aDNA analysis; (ii) examine human ancestry of the popu-
lation buried at the archeological site through mitochondrial DNA
(mtDNA) analysis; and (iii) generate new data on the epidemiology
of tuberculosis in South America during early European contact.

2. Materials and methods
2.1. The archeological site Nossa Senhora do Carmo Church

The history of the Nossa Senhora do Carmo Church or Antiga Sé
(1761) began with the construction of a chapel for the installation
of the Carmelite order during the first years following the founding
of the city of Rio de Janeiro, before the year 1600. After the collapse
of the chapel during a celebration day, the church was rebuilt and
officially inaugurated in 1761. In 1808, after the arrival of the Por-
tuguese Royal Family in Brazil, the church was designated as the
Royal Chapel. In the same year, the church was named the Cathe-
dral of Rio de Janeiro and remained so until 1976. In 2007, as part
of the commemoration of 200th anniversary of the arrival of the
Portuguese Royal Family to Brazil, an architectural and artistic res-
toration was undertaken, and numerous burial sites were discov-
ered under the floor of the church.

The archeological excavation of the Church Nossa Senhora do
Carmo was conducted by the Institute of Brazilian Archaeology
(Instituto de Arqueologia Brasileira - IAB) from January, 2007
through March, 2008. Twelve areas were excavated and three
types of archeological structures were restored: combustion struc-
tures, occupied structures, and ceremonial structures (Dias, 2008).
Combustion structures were identified as a fire, together with
bones, tools, and Neo-Brazilian pottery, located in the more ancient
level of the site, suggestive of a prehistoric period pre-dating to the
chapel construction (Dias, 2008). Ceremonial structures were iden-
tified when artifacts of Catholic rituals where found in the ex-
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humed burials, near or related to the body. Three structures of
occupation, the Vermelha Chapel, the Nossa Senhora do Carmo
Church complex, and the Senhor dos Passos Chapel were identified.
Afro-Brazilian artifacts were found associated with Vermelha Cha-
pel. Forty-three human burials and ossuaries were identified dat-
ing from 17th to 19th centuries. The bio-anthropological analysis
was conducted according to Buikstra and Ubelaker (1994). Data
on gender and age at time of the death were estimated by morpho-
logical and morphometric characteristics of the skeletal remains.
Samples from 28 burials were analyzed in this study, 22 were clas-
sified as primary type and 6 as secondary type. A primary type was
defined as the first placement of a totally or almost totally articu-
lated body. Secondary burial is when the remains of a primary bur-
ial are exhumed, altered, or moved to an ossuary or other place,
and therefore the burial is presented in two or more stages (Souza,
1997). Most primary burials were simple, with only one individual,
with 4 being collective, containing more than one individual. Most
subjects were young adults, under 30 years old (78%), and there
were an equal number of men and women (n =8) (Table 1). The
archeological remains selected for TB research comprised a series
of bones, teeth, and sediment-samples related to organs usually af-
fected by pulmonary and osseous TB (Table 1). Sediment-samples
were fragmented tissue contained in the surrounding matrix, col-
lected in situ in the area where the organ would have been located.
Pathological evidence of TB, as osseous lesions, was not observed
on the rib or vertebrae samples.

2.2. Precautions to avoid contamination

Measures were taken to avoid aDNA degradation, contamina-
tion from modern DNA, and cross-contamination during the collec-
tion procedures in the archeological excavation and the aDNA
analysis, including use of protective clothing, gloves, head cover-
ing, masks, and sterile instruments and equipment (Cooper and
Poinar, 2000; Drancourt and Raoult, 2005). The excavated samples
were immediately placed in sterile containers at 4 °C, protected
from light and humidity, and transported to the laboratory. The
samples were maintained at —20 °C until the aDNA analysis in
the Unit of Paleogenetics, an isolated environment, exclusively
dedicated to aDNA research, physically distant from the major lab-
oratory [Laboratory of Molecular Genetics of Microorganisms
(LGMM), Oswaldo Cruz Institute/Oswaldo Cruz Foundation (10C/
FIOCRUZ)]. The preparation of samples, aDNA extraction, and PCR
were performed at the Unit of Paleogenetics. Electrophoresis,
sequencing, and sequence analysis were conducted at the LGMM.
Mycobacteria had not previously been introduced into either labo-
ratory. All work surfaces and equipment were treated with sodium
hypochlorite and exposed to UV irradiation. All reagents were sep-
arated in aliquots for single use. Cotton-filtered tips were always
used in pre-PCR and PCR steps. To avoid cross-contamination, each
sample was mechanically cleaned and crushed independently.
Extraction blank controls were processed in parallel with samples
(1 blank for each 6 samples). PCR negative controls, with no DNA
template, were always included (1 blank for each 4 samples). The
authenticity criteria include the absence of a detectable amplicon
in the extraction blank and PCR negative controls; PCR positive
controls were not included. More than one target was performed
for MTC detection, and host DNA was analyzed in parallel with
the MTC DNA. In addition, environmental control samples were
collected around and between the burial sites and analyzed to
monitor possible MTC contamination of soil.

2.3. aDNA extraction

All bone and teeth samples were decontaminated of exogenous
DNA by exposing the surface to UV light for 15 min on all sides, and
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Table 1
Samples analyzed from the archeological site, Nossa Senhora do Carmo Church, Rio de Janeiro, Brazil.
Burial Burial type No. of bodies Age (years) Gender Sample type (sample name)
3 1° 1 Adult (»30) Undetermined Lung sediment (3G), cervical vertebra (3H)
5 1° 1 Adult Male Calcaneus (5A)
6 1° 1 Adult (>20) Female Metatarsus (B6A)
7 1¢ 1 Young (18-25) Female Lung sediment (7H)
8 1 1 Adult Undetermined Vertebra (8C)
9 1¢ 1 Adult Male Rib (9A), lung sediment (9B)
12 1° 1 Adult Undetermined Rib (12E)
14 1¢ 1 Adult Undetermined lleumn (14B8)
15 1° 1 Young (18-20) Female Rib (15B), lung and mouth sediment (15D)
17 1+ 2 Adult (>30) Undetermined Lung sediment (17A), rib (17C)
Adult (<25) Undetermined Rib (171)
18 1¢ 1 Young (18-20) Female Phalange (18D)
19 1= 1 Young Undetermined Rib (19A), lung sediment (198)
20 1¢ 1 Adult (25) Female Rib (20B)
22 1 1 Young (18-20) Female Rib (22F)
23 1= 1 Adult (<30) Female Metatarsus (23D)
25 1° 1 Adulr (<30) Male Rib (25D)
26 2¢ 1 Child (5-7) Undetermined Vertebra (26C)
28 1¢ 1 Adult (<30) Male Phalange(28E)
29 1¢ 1 Adult Undetermined Clavicle (29B)
30 1¢ 1 Adult (<30) Male Metatarsus (30D)
31 2 3 Undetermined Undetermined Skull (31c10)
Undetermined Undetermined Skull (31c12)
Undetermined Undetermined Skull (31c15)
32 1° 1 Adulr (<30) Female Mouth sediment {32A), lung sediment (32B)
33 1¢ 1 Adult (>30) Male Metatarsus (33C)
34 1¢ 1 Adult (<30) Male Lung sediment (34A), clavicle (341)
36 20 2 Adult (<30) Male Vertebra (36B)
Child Undetermined Rib (36C)
38 2¢ 1 Undetermined Undetermined Nose sediment (38A), mouth sediment (38B)
39 2¢ 1 Undetermined Undetermined Parietal (39A)
41 2¢ 1 Undetermined Undetermined Skull (41A)
Total: 28 32 40

* Collective burial

subsequently the surfaces were removed (Iniguez et al., 2003). The
bone and teeth samples were submitted to manual trituration
using liquid nitrogen and approximately 200 mg of the resulting
powder were used for aDNA extraction. The sediment-samples
were rehydrated (1:2 w/v) with 0.5% aqueous trisodium phosphate
solution for 48 h at 4°C. Approximately 200 pL rehydrated sedi-
ment-samples were used for aDNA extraction. Samples were trea-
ted with 1.0 mL digestion buffer (NaCl 10 mM, Tris-HCI 10 mM,
SDS 0.5%, EDTA 50 mM, pH 8.0) with 1 mg/mL of Proteinase K
(Invitrogen) and incubated at 65 °C for 48-72 h. The bone and
teeth solutions were then treated with 1Q System (Promega),
according to the manufacturer’s instructions, and the sediment-
samples with the standard phenol:chloroform method. The aDNA
extract was purified by a GFX PCR DNA and Gel Band Purification
kit (GE HealthCare), and the concentrations were estimated at
260 nm absorbance on a spectrophotometer (NanoVue Plus - GE).

2.4. MTC DNA hybridization analysis

A dot blot procedure was conducted as described elsewhere
(Sambrook and Russel, 2001 ). A total of 40 aDNA samples extracted
from human remains and 6 controls (including 5 positive and 1 neg-
ative) were applied to an 11 = 7.5 cm Hybond membrane (Amer-
sham). Multiple samples from the same individual and samples
from different individuals from the same burial were used. After
air-drying, the membrane was subjected to UV light for 30 min.
DNA probes of 93 and 113 bp, corresponding to the molecular tar-
gets1S6110and IS1081, respectively (Taylor et al., 1996, 2005), were
prepared by PCR and purified by a GFX PCR DNA and Gel Band Puri-
fication kit (GE HealthCare). Probes were labeled by chemilumines-
cence using Gene Images Alkphos Direct Labeling and Detection
Systems (Amersham), according to the manufacturer’s instructions.

23

The membranes were incubated overnight at 60 °C. Development
was performed with Kodak reagents following the manufacturer's
instructions. A dot blot membrane containing the DNA from envi-
ronmental control samples of burials was performed following the
same procedure described above. DNA from four MTC type strains
were used as hybridization positive controls for IS6110 and 151081
probes: M. tuberculosis T92 (ATCC27294"), M. tuberculosis H37Rv
(ATCC27294"), M. bovis BCG (ATCC19210") and Mycobacterium afri-
canum T85 (ATCC25420"). The DNA extraction of the MTC type
strains was performed in the Laboratory of Molecular Biology Ap-
plied to Mycobacterium (LBMAM/IOC/FIOCRUZ), an independent
laboratory located in a building geographically distant from the Unit
of Paleogenetics and LGMM laboratories. Human DNA used as a
hybridization negative control to MTC probes was obtained from
the human DNA collection of the LGMM laboratory.

2.5. Human mtDNA amplification and sequencing

The attempt to amplify fragments of hypervariable segment |
(HVS-1) of the human mtDNA was performed using two sets of
primers: L16209 (5'-CCATGCTTACAAGCAAGT-3") and H16356 (5'-
GTCATCCATGGGGACGAGAA-3') (Handt et al, 1996) and L16070
(5'-ACCCATCAACAACCGCTATG-3") and H16259 (5'-
GTGGCTTTGGAGTTGCAGTT-3") (designed in this study), with 147
base pair (bp)and 189 bp, respectively. PCR amplification was car-
ried out in 50 pL volumes containing 1x PCR buffer, 2 mM of
MegCl, 1 mM of dNTPs, 2.0 units of Platinum Taq (Invitrogen),
100 ng each primer and 5 pL of DNA or 30 ng. Cycling conditions
were: an initial denaturation step at 94 °C for 3 min; 40 cycles of
94 =C for 30 s, 55 °C for 30 s, and 72 °C for 30 s; followed by a final
extension step at 72 °C for 5 min. Extraction blank controls and
PCR negative controls were included, but positive PCR controls
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were not included. PCR products were visualized by 3% agarose gel
electrophoresis (Specially Purified Agarose NA, GE HealthCare)
stained with ethidium bromide. The Reconstructive Polymeriza-
tion method was performed before PCR amplification, as described
by Golemberg et al. (1996). The sequencing reaction was per-
formed using an ABI BigDye Terminator kit (Applied Biosystems)
according to the manufacturer’s protocol, with analysis in both
directions, on an ABI 3730 (Applied Biosystems) automated se-
quencer. Bio Edit v 7.04 (Department of Microbiology, North Car-
olina State University, USA) and Lasergene Seqman v. 7.0.0
(DNASTAR, Madison, WI, USA) were used for editing and sequence
analysis. The human mtDNA sequences were compared to mtDNA
from the GenBank database and from laboratory staff.

3. Results
3.1. Preservation of samples

In general, the human remains from the archeological site were
found in a poor state of preservation and were extremely frag-
mented. In addition, since the Nossa Senhora do Carmo Church is lo-
cated near the coast, some burials were affected by tidal saltwater
intrusion. This was apparent at the archeological site during the pro-
cess of anthropological investigation and paleogenetic collecting.
The human remains observed consisted only of bone and teeth sam-
ples from incomplete and partial skeletons and ossuaries (Table 1).
In some individuals in primary burials it was possible to observe
the characteristic Christian burial, with the feet pointed toward
the altar.

3.2. Archeological context

Given the fact that the archeological site was located in a
church, many articles related to Catholicism were expected to be
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found (Dias, 2008). However, not many artifacts of this type were
recovered. Fragments of crucifixes and gold ornaments were recov-
ered (Fig. 1A). In particular a fragment of a metal crucifix was dis-
covered with the body of burial 22 (Fig. 1B). Interestingly, evidence
of non-Catholic religions, such as elements of African culture used
by African-Brazilian cults, was also found, not directly associated
with a specific burial, but arranged in an area that lay outside
the original chapel (Fig. 1C and D).

3.3. Tuberculosis hybridization

M. tuberculosis complex aDNA was detected in human remains
samples from the archeological site. The results showed varying
intensities of hybridization, classified as strong, moderate, or weak.
Twenty-three samples corresponding to 17/32 individuals (53.1%)
showed positive results with the 1S6110 target (Fig. 2A and B). Five
samples showed strong intensity, four had moderate intensity, and
14 exhibited weak intensity. Seventeen samples produced negative
results. The aDNA hybridization with the IS1081 target showed 14
positive samples, corresponding to 10/32 individuals (31.2%)
(Fig. 2C). Two samples had moderate intensity, 12 had weak inten-
sity, and 26 showed negative results. Of the 10 rib samples ana-
lyzed, 7 showed positive results with 1S6110 and 3 with IS1081.
Four vertebra samples were analyzed with only one being positive
for the 1S6110 target. All sediment-samples exhibited positive re-
sults with the IS6110 target, and only one showed a negative result
with the IS1081 target.

Multiple samples from a single individual were examined from
burials 3,9, 15,17, 19, 32, 34, and 38 (Table 1). For four of the eight
burials MTC positivity was confirmed in more than one sample. In
burials 9 and 17, the MTC signals from rib samples were confirmed
on lung sediments. MTC positive results were corroborated by sed-
iment collected from two organ sites of the same individual in
burials 32 and 38. In 4/8 burials the MTC aDNA hybridization

Fig. 1. Cultural artifacts found on the archeological site of the Nossa Senhora do Carmo Church, Rio de Janeiro, Brazil. IAB collection. Scale bars = 1.0 cm. Photographed by A.M.
Iniguez. A: A fragment of a crucifix on mother of pearl; B: A crucifix on metal; C: Snails named African “buzios” commonly used in Afro-Brazilian cults; D: A Afro-Brazilian
amulet on blue glass named “figa”. (For interpretation of the references in color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Results and schematic representation of aDNA hybridization with MTC probes for TB detection. A: Results of aDNA hybridization using MTC IS6110 target. Blue circles
are positive samples; Black circles are negatives samples; Red circles are MTC positive controls; Green circles are negative control. B: Schematic representation of
hybridization results for IS6110 target; C: forIS1081 target. al: 3G; a3: 3H; a5: 5A; a7: 6A; a9: 7H; a11: 8C; b2: 9A; b4: 9B; b6: 12E; b8: 14B; b10: 15D; b12: 15B; c1: 17A; c3:
17C; ¢5: 171; ¢7: 18D; ¢9: 19B; c11: 19A; d2: 20B; d4: 22F; d6: 23D; d8: 25D; d10: 26C; d12: 28E; el: 298; e3: 30D; e5: 31c10; e7: 31c12; e9: 31c15; el 1: 32B; f2: 32A; f4:
33C; f6: 34A; £8: 341; f10: 36B; f12: 36C; g1: 38A; g3: 38B; g5: 39A; g7: 41A; h2: M. tuberculosis T92 positive control; h4: M. bovis BCG positive control; h6: M. africanum T85
positive control; h8: M. tuberculosis H37Rv positive control; h10: pool DNAs positive controls; h12: human DNA negative control. Colorless/white circles: negative results; full
black circle: strong positive; gray circle: intermediate positive; dashed circle: weak positive intensity. (For interpretation of the references in color in this figure legend, the

reader is referred to the web version of this article.)

intensity was observed in lung sediment, but not confirmed in
bone samples.

In burial 17, where two bodies were found, the analysis of a rib
from each body, and a lung sediment-sample from one of the indi-
viduals, yielded positive signals for both targets. In burial 36, ver-
tebra and rib samples from two individuals were analyzed, but no
MTC signal was observed. Almost all individuals positive for MTC
hybridization were from primary burials, 14/17 (82.3%). Only
31c12, 38, and 41 were from secondary type burials.

All positive controls had the expected positive result, with
intensities varying according to the target used. The human DNA
negative control showed no hybridization to either molecular
MTC target. The membrane with environmental samples showed
no signal of DNA hybridization for either target.

3.4. Human mtDNA analysis

The analysis of human mtDNA showed that it was possible to
retrieve the HVS-I target and determined the mtDNA haplotype
in 20/28 burials corresponding to 23/32 individuals (71.8%). Re-
sults showed a high diversity of mtDNA haplotypes with the
majority of European ancestry, 21/23 (91.3%) (Table 2). The haplo-
group U was the most frequent with 26.1%. All individuals found in
primary burials belonged to European haplogroups U, ], V, H, T, K,
N, and R. The analysis of mtDNA samples from the secondary buri-
als showed the European haplogroups U, T, K, N, and H. In both
types of burials, the European haplogroup U was the most fre-
quent, with 4/15(26.7%) and 2/8 (25.0%) in primary and secondary
burials, respectively. Interestingly, in secondary burials single re-
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Table 2
Results of MTC and mtDNA haplogroup analysis from aDNA the archeological site,
Nossa Senhora do Carmo Church, Rio de Janeiro, Brazil.

Burial Burial type Hybridization results miDNA haplotypes
56110 151081
3 1° + + u22
8 1+ + - b
9 1° + + T2a
12 1® + - v
14 1® + + Kla
17 1+ + + T1-T5
18 1% - - Ulb
19 1= + + N1b1
20 1% + - H
22 1% + - us
23 1 - - uib
25 1% - N
28 1% - - us
29 1® - - R1
30 1® - N1b1
31 24 - - T1-T5
+ H
- utb
34 1° + v
36 2+ - - C
- L
38 2% + H
41 2% + Kla

* Collective burial.

cords of the Amerindian haplogroup C and the African haplogroup
L were found (Table 2).
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4. Discussion

This study demonstrated the presence of infection by mycobac-
teria from MTC in individuals dating from the 17th to 19th centu-
ries buried at the archeological site of Nossa Senhora do Carmo
Church, Rio de Janeiro, Brazil. This site presented an unprecedented
opportunity to study the population and infectious disease in Bra-
zil for this time period. Moreover, because the Antiga 5é church
was founded on an old chapel, prehistoric material was also ob-
served (Dias, 2008). However, the bioanthropological material
found consisted only of extremely fragmented human skeletal
material. The normal climate of Rio de ]Janeiro is characterized by
high temperatures and humidity and may have interfered with
the preservation of the remains. Additionally, the numerous epi-
sodes of rebuilding of the church could have altered the original
burial disposition and hampered preservation. It is known that cli-
matic conditions such as low temperatures and high altitudes facil-
itate the preservation of nucleic acid in ancient samples. Despite
the poor preservation of the samples, it was possible to detect
the presence of mycobacteria through MTC and to determine the
human ancestry of individuals.

From the outset of the research, measures were taken to improve
aDNA detection and toavoid or control modern DNA contamination.
The human remains were collected following paleogenetic investi-
gation guidelines on the archeological site, and the aDNA procedures
were performed at the Unit of Paleogenetics in an isolated environ-
ment exclusively dedicated to aDNA research. The laboratories had
not been previously exposed to mycobacteria, and human mtDNA
haplotypes from archeologists and laboratory staff were identified.
The application of the DNA hybridization technique, which is more
sensitive than PCR and is not subject to PCR product contamination,
reinforced the credibility of results. Moreover, the high diversity of
human mtDNA haplotypes observed in the buried population and
the differences in the intensity of MTC hybridization signals con-
firmed the validity of results.

Immigration contributed to the formation of the Latino Ameri-
can populations. Brazilians are one of the most heterogeneous pop-
ulations in the world, the product of a genetic admixture of three
ancestral groups: native Amerindians, European colonizers, and
African slaves. It is estimated that approximately 500,000 Portu-
guese people migrated to Brazil during the colonial period. Alves-
Silva et al. (2000) reported that the human DNA pool of contempo-
rary Brazilians clearly reflects the imprints of early Portuguese col-
onization as well as the immigrant waves from Europe of the past
century. The finding of European haplogroup individuals in the
majority of burial sites and especially in primary burial sites is con-
sistent with the historical and genetic evidence. The church tradi-
tionally received the bodies of individuals of the ecclesiastical class
and Catholics of high social position, who could bear the costs of
the burial ceremony (Pereira, 2007). In Europe, during the 16th
century to the end of the 18th century, the dead were buried in
the church foundation following the Catholic liturgy (Gijon Botella
et al., 2010). In Brazil, the Catholic Church persisted with this prac-
tice. Moreover, the typical Christian burial position of some bodies
and the cultural evidence of Catholicism found on the archeological
site, such as crucifixes, sometimes associated with a specific burial,
affirmed the Catholicism of individuals.

The finding of African and Amerindian haplogroups in second-
ary burials suggests the use of the site as a cemetery before the
construction of the foundation of the church (1761). This is an
assumption based on the nonexistence of a cemetery in the city
dating to that time and supposes the use of the area of the old
chapel for this purpose. Evidence of Amerindian culture was not
found, but diverse articles of the African-Brazilian culture of a
religious character were recovered. In addition, the location of
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the African-Brazilian artifacts, corresponding to areas originally
external to the chapel, corroborates our statements.

The detection of tuberculosis infection was possible through the
application of the DNA hybridization technique. In our experience,
this technique is superior in paleogenetic analysis and has advan-
tages over PCR technique, especially working with poorly pre-
served samples: (i) the technique is highly sensitive to detect the
molecular probe, which is an excellent tool for the extremely frag-
mented condition of aDNA; (ii) the technique is not subject to the
action of potential inhibitors of the enzymatic reaction that is com-
mon in archeological samples; and (iii) the hybridized membrane
can be used many times with different targets, allowing optimiza-
tion of the analysis of the original samples. Of the two targets uti-
lized, 1S6110 was more sensitive in detection of MTC in the
samples. It is known that multicopy genes and repeated sequences
make satisfactory targets for aDNA studies. The largest number of
positives to the target 1S6110 can be explained by the number of
copies present in the genome of MTC bacteria. The 1S6110 element
may vary from 1 to 25 copies, depending on the species, and the
151081 element has up to 6 copies (Collins and Stephens, 1991;
McEvoy et al,, 2007). The use of environmental control samples
in parallel with the human remains samples is one of the aDNA cri-
teria defined by Drancourt and Raoult (2005). In our study, we ana-
lyzed seven environmental control samples of burial sites and all
were negative for MTC aDNA hybridization.

The remains found in the Nossa Senhora do Carmo Church were
mainly of adults less than 30years old. All lung sediment samples
and 7/10 rib samples showed positive results for TB infection.
These results suggest an acute and active pulmonary disease rather
than chronic or miliar disease. No bone changes were observed;
probably the majority of individuals died before lesions had time
to form or did not develop bone lesions. Mays et al. (2001) revealed
that skeletal TB occurs only in a minority of instances, based on
data from the pre-antibiotic era that indicates about 5-7% of cases
showing bone changes (Steinbock, 1976). Our results demon-
strated that sediment samples can be an important source of path-
ogenic bacterial aDNA detection and should be considered at the
time of collection of material.

The high frequency of TB infection detected in Nossa Senhora do
Carmo Church site, suggests that TB was highly prevalent in Rio de
Janeiro during the colonial period. When considering primary buri-
als of Europeans, the positivity for tuberculosis was even higher.
These data are in accord with historical estimates suggesting that,
in 1855, the mortality from tuberculosis in Brazil was 1/150 inhab-
itants (Campos and Pianta, 2001), with lethality estimated at 50%
death rate of individuals affected by TB (Hijjar et al., 2007). In
2003, Fletcher and colleagues detected M. tuberculosis DNA in over
50% of ribs from an eighteenth century Hungarian population, yet
less than 5% showed pathological changes (Fletcher et al., 2003). In
the present study, only individuals of European ancestry were po-
sitive for MTC in secondary burials, while African and Amerindian
individuals were negative. This indicated that European settlers
probably introduced, or at least were responsible for the spread
of, TB in the country. Tuberculosis was widespread in Europe,
accounting for one in four deaths from the 16th to the 18th centu-
ries (Spigelman and Donoghue, 2003). It reached epidemic propor-
tions in crowded villages and cities with poor sanitation, peaking
during the industrial revolution (Stearns and Koella, 2008). In Bra-
zil, TB also followed the social and economic development of big
cities. Rio de Janeiro city was the capital of Brazil from 1763 to
1960. In the 18th century it became the main commercial center
of the country and as a consequence underwent massive urbaniza-
tion (Fragoso and Florentino, 2001 ). Only in 1899, were nongovern-
mental organizations created to control the spread of the disease in
the city (Goncalves, 2000; Hijjar et al., 2007).
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The study of human remains from the historical period in South
American countries can provide fundamental information concern-
ing the origin and spread of TB in the New World. This paleogenetic
study demonstrating the presence of TB in the city of Rio de Janeiro
since the 17th century, is the first conducted with archeological
samples from Brazil. In spite of the ecclesiastical and aristocratic
bias in the population of this study, human ancestry analysis re-
vealed the prominent contribution of European people in the intro-
duction or spread of TB in the city. The evidence presented in this
work, with high frequency of TB in people of European origin, con-
firms the historical observations that the European settlers were
important carriers of pathogens to the New World. Future studies
to detect MTC in pre-Colombian populations, as well as to charac-
terize and compare the MTC species and M. tuberculosis strains
from historical populations, should be conducted in order to estab-
lish the paleoepidemiology and historical epidemic of TB in the
New World.
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3.2 Mycobacterium tuberculosis Complex in Remains of 18th-19th

Century Slaves, Brazil
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Figura 3.2: Artefatos arqueoldgicos e amostra 0ssea encontrados no sitio

arqueoldgico Cemitério dos Pretos Novos, Rio de Janeiro, Brasil. Artefatos
arqueoldgicos caracteristicos da cultura africana: cachimbos (A, B e C) e
micangas (D); e o processamento e limpeza de material 6sseo (E). Escala: 1

cm. Os artefatos arqueoldgicos fazem parte da cole¢éo do IAB.

No final do século XVIII, com o inicio das politicas higienistas na cidade do Rio
de Janeiro, o Marqués de Lavradio ordenou a transferéncia do porto de
desembarque dos escravos da regido do Paco para o Valongo. Assim, um cemitério
foi criado, o chamado Cemitério dos Pretos Novos (CPN) (1769-1830). Neste
cemitério eram enterrados corpos de escravos africanos que chegavam mortos nos
navios negreiros ou que morriam em seguida que chegavam a cidade, durante o
periodo em que estavam nos mercados de escravos. Esses corpos eram dispostos
sem respeitar os ritos funerarios, e por vezes, eram submetidos & cremacédo. O
cemitério foi fechado em 1830, e com o crescimento da malha urbana na regido este

cemitério foi perdido. Em 1996, durante obras em uma casa na regido da Gamboa,
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enterramentos humanos foram descobertos datados dos séculos XVIII-XIX. Estudos
bioantropoldgicos realizados nas ossadas destes individuos revelaram a presenca
de modificagBes dentarias intencionais caracteristicas da cultura africana. Além
disso, artefatos da cultura africana, como cachimbos e micangas foram encontrados.
O salvamento arqueoldgico realizado pelo IAB caracterizou 0s enterramentos como
secundarios. Analises bioantropolégicas confirmaram a utilizacdo da cremacédo dos
corpos peri - mortem. Foram analisados ossos (fémur direito) de 16 individuos. A
analise de deteccédo de individuos positivos para tuberculose foi realizada através da
técnica de Hibridacdo de aDNA total por quimioluminescéncia, com o0s alvos
especificos para bactérias do MTC: IS6110 e IS1081. A andlise da ancestralidade
humana foi realizada através da PCR, utilizando a regido hipervariavel | do DNA
mitocondrial humano. Os resultados da ancestralidade humana revelaram que foi
possivel identificar trés haplétipos africanos nos individuos analisados. Os
haplogrupos identificados estdo presentes na populacdo atual da Africa Central e
Ocidental. Os trés haplogrupos ja foram descritos na atual populacdo brasileira, e 0s
haplogrupos L3d e L1lc sdo o primeiro e terceiro mais comumente encontrados,
respectivamente. Uma analise mais refinada demonstrou que os haplotipos L3d1 e
L3e2 ja foram descritos na atual populacdo brasileira afrodescendente, entretanto, o
haplétipo L1c2 nunca foi descrito nesta populagdo, apenas na populagcdo atual da
Angola. Este trabalho confirma a ancestralidade africana dos individuos e corrobora
com dados historicos que demonstram que a principal fonte de escravos africanos
trazidos para o Brasil sdo os paises da Africa Central e Ocidental. As analises da TB
revelaram a presenca de infec¢cdo por bactérias do MTC em 4 dos 16 individuos
analisados (25%) com o alvo 1S6110. Esses resultados foram confirmados em 3
individuos (18%) com o alvo 1S1081. Considerando os resultados da ancestralidade
humana determinada neste estudo e os dados de estudos bioantropoldgicos
anteriores, nés podemos afirmar que os individuos enterrados no CPN chegaram a
cidade do Rio de Janeiro infectados por micobactérias do MTC. Existe a hipotese de
que a Africa era “virgin soil” para a TB, entretanto este trabalho parece ser a prova
mais contundente de que a Africa ndo era naive para esta infeccdo. Ndo se pode
esquecer que a Africa € o berco das micobactérias. Além disso, é conhecido que os
europeus estiveram presentes no continente desde o século XV. Se os individuos
enterrados no CPN estavam infectados pelas cepas epidémicas europeias ou pelas
cepas endémicas africanas ndo sabemos, o que podemos afirmar € que esses
individuos trazidos como escravos da Africa trouxeram a TB com eles.
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acids by PCR with a set of primers that
amplify a 256-bp region of the gene
encoding the 17-kDa antigen (6).
To obtain information about Rick-
ettsia spp.. we amplified regions of
the genes gltd (7.8), omp4 (7), and
ompB (9). PCR products were puri-
fied by the Wizard SV Gel and PCR
Clean-up System (Promega. Madison.
WI. USA). quantified. and sent for se-
quencing to Macrogen Inc. (Amster-
dam. the Netherlands).

Obtained sequences were aligned
and analyzed by using Bioedit soft-
ware (Ibis Biosciences. Carlsbad, CA.
USA) and ClustalW version 2.0.10
(www.ebi.ac.uk/clustalw). DAMBE
(http://dambe.bio.uottawa.ca/dambe.
asp) and MEGA (www.megasoftware.
net) software were used to obtain sim-
ilarity percentages among analyzed
sequences. To characterize Rickettsia
spp.. we used nucleotide sequence
identity to reference strains ({0).

Convalescent-phase serum was
positive for R. conorir: IgG titer was
64. Sequence analysis of purified
PCR products obtained from the es-
char identified the isolate as R. mas-
siliae. With respect to the reference
strain R. massiliae. pairwise nucleo-
tide sequence identity was 99% for
the gl/td gene (GenBank accession
no. JN043507). 99% for the ompd
gene (accession no. JQ480842). and
97% for the ompB gene (accession
no. AF123714). Phylogenetic analysis
(online Technical Appendix, wwwnc.
cde.gov/EID/article/19/5/12-1169-
Techappl.pdf) also confirmed the
identity of the Rickettsia species.

Considering the diagnosis of R.
massiliae infection and the patient who
had acute vision loss (5). this patient
was called back for a fundus examina-
tion, which showed no changes. At the
time of this visit, a small area of alope-
cia at the eschar site was observed (Fig-
ure). Unfortunately. the tick had been
discarded and was not available for ge-
nus and species identification.

The presence of R. massiliae in
Ttaly demonstrates that this Rickettsia

Emerging Infectious Diseases » www cdc.gov/eid « Vol 19, No. 5, May 2013

species can cause scalp eschar and neck
lymphadenopathy. Further studies are
needed to complete the list of micro-
organisms that can cause this condition
and to understand if they can be asso-
ciated with minor findings (e.g.. alope-
cia. pamnful eschar. high fever).
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Mycobacterium
tuberculosis
Complex in
Remains of

18th-19th Century
Slaves, Brazil

To the Editor: Nineteenth centu-
1y Rio de Janeiro. Brazil. was marked
by increased illness and deaths from
tuberculosis (TB). By the twentieth
century, it was still believed that most
TB cases in the Americas originated
from Europe: the “virgin soil” hypoth-
esis for African (/) and Amerindian
populations was accepted. However.
modermn and archeological DNA evi-
dence confirms the wide distribution
of Mycobacterium tuberculosis com-
plex (MTC) and TB in the Old and
New Worlds.
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Rio de Janeiro was a main entry
port for millions of Africans captured
for the slave trade. Pretos Novos (New
Blacks) Cemetery (PNC: 1769-1830)
was created in Rio de Janeiro as a
burial ground for the many slaves who
died at market. Comingled bone frag-
ments (=5.000) from =30 persons were
recovered at PNC: most bones were
broken and had been exposed to fire
(2.3). Bioanthropological analysis de-
termined most of the bones were from
men 18-25 years of age (2): none had
lesion consistent with TB.

Femurs from 16 persons were
surveyed for M. tfuberculosis ancient
DNA (aDNA). The thick shafts of
femur offered a preserved condition
for molecular analysis. and the bones
could be individualized. avoiding du-
plication of samples. Paleogenetic in-
vestigation guidelines were followed.
Sample preparation, aDNA extraction.
and PCR were performed at the Paleo-
genetics Unit (Oswaldo Cruz Foun-
dation. Rio de Janeiro) an isolated
environment exclusively dedicated to
aDNA research.

Before removal of the bone
surface. samples were decontami-
nated by ultraviolet light (15 min/all
sides), frozen in liquid nitrogen. and

subjected to manual trituration. Bone
powder (=200 mg) was then incu-
bated with digestion buffer (56°C.
48-72 h) as described (4). aDNA hy-
bridizations with MTC probes were
conducted as described (4). By using
2 segments of mitochondrial DNA
(mtDNA) hypervariable segment I
(HVS-I) target, we determined the
ancestry of the humans from whom
the bones were derived (4). To con-
trol for recent contamination. we
compared the HVS-I sequences with
those in GenBank and also in a data-
base for the laboratory staff.

Using the hybridization assay
with insertion sequence (IS) 6110 tar-
get. we detected MTC aDNA in bones
from 4/16 persons (samples PNI1,
PNE8. PN13. PN15): 3 of these samples
(PN1, PNB. PN13) were also positive
for IS1081 target, confirming MTC
infection (Table). HVS-I target was
retrieved from 3 samples (PN6. PN 14,
PN15). which enabled determina-
tion of the human mtDNA haplotypes
(L3e2. L3dl. Lle2. respectively)
(Table). The haplotypes showed that
the 3 persons were of African descent
(GenBank accession nos. JQ639893—
Q639895). Owr findings are comnsis-
tent with those from studies based on

current African populations. which
show that haplotype Llc is restricted
to central Africa (3) and L3d and L3e
are most frequently found in western
and central Africa. respectively (6).

Historic data (3) showed that 95%
of persons buried in PNC were New
Blacks., meaning they were borm in
Africa and died just after arriving in
America. Our mtDNA results con-
firm historic and genetic records that
indicate a large percentage of persons
brought to Brazil as slaves originated
from western—central and western
Africa. This makes the PNC samples
unique for the paleogenetic purpose of
this investigation.

The endemicity of TB in Rio de
Janeiro during the colonial period was
confirmed by Jaeger and colleagues.
who demonstrated MTC infection in
56.6% of persons with European an-
cestry buried at Nossa Senhora do
Carmo Church (4). The difference in
the frequency of MTC found in the re-
mains of slaves buried in PNC and of
Europeans buried at Nossa Senhora do
Carmo Church may be explained by the
types of samples analyzed and the epi-
demiologic conditions of both groups.
The cremation of corpses at PNC may
also partly explain the difference. The

Table. Results of genetic analyses of Mycobacterium tuberculosis complex hybridization and human mtDNA haplotypes from human
bone samples collected from Pretos Novos Cemetery, Rio de Janeiro, Brazil*

TB hybridization
Sample  I1S6110 151081 129
CRS NA NA G G
PN1 + +
PN2 - -
PN3 - -
PN4 - -
PN5 - -
PN& - - G G
PN7 - -
PN8 + +
PN9 - -
PN10 - -
PN11 - -
PN12 -
PN13 + +
PN14 - - G G
PN15 + - A A
PN16 - -

145

Nucleotide position of mtDNA hypervariable segment 1T
223

148 172 187 189 213
C T C C G C

c T T C A T

mIDNA
278 311 319 320 haplotype
C T G C H
c C G T L3e2
c T A C L3d1
L1c2

*The cemetery was used as a burial ground for African slaves who died in slave markets during 1769—1830. Blank cells mean target could not be
retrieved. mtDNA, mitochondrial DNA; TB, tuberculosis; IS, insertion sequence; CRS, Cambridge Reference Sequence (accession no. AB055387); NA,
not applicable; PN, bone samples from humans buried in Pretos Novos Cemetery; Abs, absence of nucleotide.

+The prefix 16 has been omitted from the nucleotide numbers.
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finding of MTC aDNA in the remains
of 25% of persons buried at PNC could
be an underestimation of infection.

Owr finding that some of the
slaves buried in PNC had TB infection
when they arrived in Brazil is in agree-
ment with previous findings of the dif-
ferential distribution of TB and with a
tuberculin survey on the African conti-
nent. supporting the hypothesis of na-
tive African TB (7.8). Therefore. the
hypothesis of Africa as virgin soil for
TB (1.9) cannot be easily supported.
The incidence of TB among the slaves/
Blacks in Rio de Janeiro was less than
expected given their social and sani-
tary conditions (/0). especially in a
TB-endemic situation (4). Previous
exposure to MTC might explain their
apparent relative resistance.

Other evidence showing African
contact with Europeans before the
sixteenth century. supports the exis-
tence of TB in Africa (8). and TB was
prevalent in urbanized centers along
coastal areas of western Africa (7.8).
Although some of those cases were
probably the result of European con-
tact. it is not possible to exclude that
some were caused by TB native to Af-
rica. We can affirm that persons bur-
ied i PNC, who were transported to
Brazil as slaves from Africa, brought
TB infection with them: whether the
infection was caused by European TB
endemic to Africa or by TB native to
Africa is not known.
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Treatment of
Listeriosis in
First Trimester
of Pregnancy

To the Editor: Foodborne infec-
tions with Listeria monocyvtogenes
continue to be dangerous and disrup-
tive. A 2011 outbreak in the United
States. linked to cantaloupes. af-
fected 147 persons: 33 persons died.
and 1 pregnant woman experienced
a miscarriage (/). Moreover. the in-
cidence of listeriosis has been rising
in several European countries (2).
Compared with the general popula-
tion. pregnant women are at markedly
increased risk of acquiring listeriosis
(3). Women who are infected with L.
monocyvtogenes in the third trimester
of pregnancy are typically treated with
antimicrobial drugs until the child’s
delivery (3). However. the optimal
treatment regimen for listeriosis early
in pregnancy is unknown.

We cared for a 28-year-old. pre-
viously healthy woman who sought
treatment at 12 weeks’ gestational
age with fever, headache, and neck
stiffness: blood cultures were posi-
tive for L. monocvtogenes. Lumbar
puncture on admission to our hospi-
tal in Boston. Massachusetts, in De-
cember 2011, revealed clear fluid and
an opening pressure of 15 mm Hg:
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3.3 Paleoparasitological results from XVIII century human remains from

Rio de Janeiro, Brazil

Figura 3.3: Artefatos arqueoldgicos e amostras éses encontrados no
sitio arqueoldgico Cemitério da Praca XV, Rio de Janeiro, Brasil.
Artefatos arqueoldgicos caracteristicos da cultura africana (A); amostras
de sedimentos coletadas diretamente dos forames do sacro por
raspagem (B); e amostras 6sseas, cranio (C) e sacro (D). Escala: 1 cm.
Colecéao do IAB.

Antes do inicio das politicas higienistas do final do século XVIII, na regido

central da cidade do Rio de Janeiro estavam localizados o porto de desembarque
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dos escravos e 0s mercados de escravos. Na regido portuaria, existia um cemitério
para enterrar 0os corpos de escravos que chegavam mortos nos navios negreiros
mas também para corpos de indigentes e da populacdo geral que morria das
grandes epidemias que assolaram a cidade na época. Em 1996, durante obras de
reestruturacao da regido, enterramentos humanos datados dos séculos XVIII a XIX
foram descobertos. Além disso, artefatos arqueoldgicos da cultura africana foram
encontrados, como cachimbos. O salvamento arqueoldgico foi realizado pelo IAB e
as analises bioantropologicas demonstraram a presenca de caracteristicas
negréides em 31% dos individuos e modificacbes dentarias intencionais em 25%.
Para este estudo foram coletadas amostras de sedimento dos forames do sacro de
10 individuos, submetidos ao processo de curadoria museoldgica, através de
raspagem. A analise paleoparasitoldgica foi realizada através de microscopia de luz
e pelo menos 10 laminas foram visualizadas para cada individuo. Apesar do escasso
material, foi possivel identificar que 80% dos individuos estavam infectados por
parasitos intestinais. Foram visualizados ovos de Ascaris sp., Trichuris sp., Taenia
sp. e protozoarios intestinais. Os ovos de Trichuris sp. foram o0s mais
frequentemente encontrados (n=26) e a analise de estatistica descritiva demonstrou
gue esses 0V0os sd0 compativeis com a espécie Trichuris trichuira, a espécie que
parasita o hospedeiro humano. Este é o primeiro trabalho descrevendo parasitos
intestinais em sitios arqueoldgicos do Rio de Janeiro colonial. Esta é a primeira
descricdo de Taenia sp. em sitios arqueol6gicos no Novo Mundo. E considerando a
natureza do material coletado para a andlise paleoparasitologica deste sitio
arqueoldgico, a prevaléncia e diversidade parasitaria devem ser consideradas como

subestimados.
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Paleoparasitological studies of the Brazilian colonial period are scarce. A paleoparasitological analysis
was performed on human remains from the archeological site Praga XV Cemetery in Rio de Janeiro, dat-
ing from the early 18th to 19th Centuries. The samples were obtained from the Institute of the Brazilian
Archaeology collection, and showed evidence of washing and brushing. Sediments were extracted from
sacral foramina by scraping. Sediments from skulls were used as negative paleoparasitological controls.
Spontaneous sedimentation method was performed prior to microscopic analysis. The results revealed
that 8 of 10 individuals were infected with intestinal helminths andfor protozoa. Eggs of the nematodes
Trichuris sp. and Ascaris sp. as well as a single taeniid egg were found. Protozoa cysts suggestive of Enta-
moeba sp. were also observed. Trichuris sp. was the most frequent and abundant parasite, found in 70%
of individuals (26 eggs). The study showed the importance of analysis of sediment from human remains
preserved in museum or scientific collections, even those subjected to a curating procedure. The levels
of infection revealed here should be considered underestimations. This is the first paleoparasitological
study from Rio de Janeiro city for the Brazilian colonial period and the first report of human Taenia sp. in
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the New World.
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1. Introduction

During the Brazilian colonial period, Rio de Janeiro was the cap-
ital of Brazil and the main commercial center of the country and,
as a consequence, underwent massive urbanization (Fragoso and
Florentino, 2001). Located on the coast, the city's port was a trad-
ing center for the entire southeast region, primarily handling sugar,
coffee and gold (Fragoso and Florentino, 2001). The accelerated
population growth, combined with disordered expansion of the city
and poor sanitary conditions, allowed the introduction and spread
of infectious and parasitic diseases.

Paleoparasitology is the study of parasites in archeological or
paleontological materials. Such research provides information on
past and present diseases and contributes to understanding the
evolution of human social structure, biology, and behavior (Pike,
1968; Bouchet et al,, 2003a; Gongalves et al., 2003). Many stud-
ies have shown the presence of parasites in human remains in
Pre-Columbian Brazil (Ferreira et al, 1980; Aradjo et al., 1981;

* Corresponding author at: Laboratdrio de Biologia de Tripanosomatideos, Insti-
tuto Oswaldo Cruz, Fundagao Oswaldo Cruz, Rio de Janeiro 21045 900, Brazil.
Tel.: #5521 25621416.
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Gongalves et al., 2003; Ifiguez et al.,, 2003); however studies that
demonstrate the presence and frequency of parasites in colonial
periods are scarce. The most common biological samples for pale-
oparasitological analyses are coprolites (desiccated or mineralized
feces), and sediments from latrines and the pelvic and abdominal
regions of mummified bodies (Bouchet et al., 2003a). Neverthe-
less, Fugassa et al. (2008), working with bones that had undergone
museum curation, recovered Ascaris sp. and Capillaria spp. eggs
from organic material in the human sacrum foramina found at a
Patagonian archeological site (850-500 years BP).

In the present study, a paleoparasitological analysis of human
remains from the archeological site Praca XV Cemetery in Rio de
Janeiro, Brazil, was conducted in order to verify the presence of
intestinal parasites in osteological remains of the Brazilian colo-
nial period, submitted to a curatorial process, and to generate new
data on the epidemiology of parasitic diseases in Brazilian colonial
period.

2. Materials and methods

The present day Praca XV de Novembro (November XV Square)
was a central area of Rio de Janeiro city in colonial times. In 1996,
during the construction of a tunnel in the port, human skeletons
dating from the 18th and 19th centuries were discovered. There
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Fig. 1. Archeological remains from the archeological site Praca XV Cemetery, Rio de Janeiro, Brazil. IAB collection. (A-C) Cultural artifacts related to AfroBrazilian culture. (D)
Intentional dental modifications. (E and F) Human sacrum and sacral foramina. Scale bars=1.0cm.

Photographed by A.M. [higuez.

was a burial ground for the general populationin the region. African
slaves who died in the slave markets located near the port were
also buried in the cemetery. The archeological remains, includ-
ing cultural artifacts (Fig. 1A-C), were collected by the Institute
of Brazilian Archaeology (Instituto de Arqueologia Brasileira - IAB).
Stratigraphic analysis performed during excavation confirmed that
human skeletal remains were found in argillaceous and sandy soil,
characteristic of a typical mangrove ecosystem. During excava-
tion, due to a high degree of disaggregation of the burials and
the anatomic separation of individuals, complete skeletal series
were not identified. Instead, a series of types of bones, skulls and
mandibles for example, were collected, stored at room tempera-
ture, and protected from light. All bones were well preserved and
were submitted to the process of curation. In this process, the
bones were cleaned of the original soil, but no chemicals were
added.

The bio-anthropological analysis of 37 skulls showed that 59%
were young adults, 27% mature adults, 11% adolescents, and 3%
children. Forty-six percent were male, 38% female, and 16% unde-
termined. Craniofacial analysis of 14 skulls revealed that 11 showed
evidence of ethnic African origin. The preliminary analysis of 12
skulls demonstrated that 9 individuals presented dental modifica-
tions (Fig. 1D).

The sediment samples were recovered from the interior of the
sacral foramina of ten individuals (Fig. 1E and F). Three to 7 g of
sediment, comprising chiefly sand, were used in the paleoparasito-
logical analysis. Samples were transported to laboratory at4°C and
kept at —20°C until paleoparasitological analysis. The sediment
samples were rehydrated (1:2wj/v) with 0.5% aqueous trisodium
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phosphate solution for 72h at 4°C. Paleoparasitological analysis
was conducted by spontaneous sedimentation prior to microscopic
examination. Ten to 20 slides of each sample were examined under
10x and 40x magnification (Axiostar Plus - Zeiss). Parasites eggs
were measured and photographed with a Canon A650 IS and edited
using the Image] 1.44p program (National Institutes of Health -
USA). Descriptive statistical analyses were performed using the
program R (version 2.13.2).

Sediment scrapings from the interior of skulls (n=5) were used
as negative controls for paleoparasitological analysis. The control
sediments were processed following the methodology described
above.

3. Results

Paleoparasitological examination revealed that 8/ 10 individuals
were infected by intestinal parasites. Trichuris sp. eggs (Nematoda)
were the most frequently found, in 7/10 individuals. Twenty-six
eggs were recovered (Fig. 2A-E). Most of these Trichuris sp. eggs
possessed no content or polar plugs. Eggs measurements were
40.84-56.1 wm in length and 22.0-33.0 um in width (Table 1).
Descriptive statistical analyses demonstrated that Trichuris sp. eggs
of mean length, 47.83 + 4.46 (n=24) and mean width, 27.41+3.23
(n=24), corresponded to that established for Trichuris trichiura
species by Confalonieri et al. (1988) (Table 2; Fig. 3). A single Ascaris
sp. egg, measuring 79.2 pm x 56.9 pm, was found in sample XV31
(Fig. 2F).

Ahelminth egg, measuring 31.5 pm x 31.5 pum, belonging to the
family Taeniidae was found in sample XV33 (Fig. 2G). The taeniid
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Fig. 2. Results Paleoparasitological analysis. A-E Trichuris sp. eggs; F Ascaris sp. egg. G Taenia egg: H-1 Protozoan cysts. Scale bars are on the figures.

egg is characteristic of human Taenia sp., displaying a thick shell
with a prism aspect and dimensions of 31-43 um (WHO, 2007).

Two spherical structures similar to intestinal protozoa
were observed in the samples XV29 and XV33, measuring
252pmx 252 um and 22.5 um x 22.5pum in diameter, respec-
tively (Fig. 2H and I). These putative intestinal protozoa are
suggestive of Entamoeba coli, due to the absence of flagella and fib-
rils, and the size of both mature and immature cysts of 10-35 pm,
usually 15-25 pm (WHO, 2007). Control samples of skull sediment
were negative.

4. Discussion

This is the first report of intestinal parasites in human remains
from archeological sites in Rio de Janeiro from the Brazilian colo-
nial period. T. trichiura and Trichostrongylide infection have been
reported in archeological sites from the historic period of Brazil
in Minas Gerais and Piaui states (Confalonieri et al., 1981; Aradjo
etal., 1984). The human remains retrieved from this site constituted
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an opportunity to study infectious and parasitic diseases during
the Brazilian colonial period due to the absence of data related
to this period, and the preservation of material. In general, the
preservation of organic material is limited to places of low humid-
ity or frozen conditions (Bouchet et al., 2003b). Tropical climates
are usually unsuitable for the preservation of organic matter. The
Rio de Janeiro city has a tropical climate with high temperatures
and humidity. The combination of heavy rainfall, abundant insect
life, and acid soil usually accelerate the process of decomposition of
organic material (Bouchet et al., 2003b). Nevertheless, it was possi-
ble to find helminth eggs in organic material recovered from human
remains from this site.

Ascaris lumbricoides and T. trichiura infections reflect poor san-
itation and hygiene (Bouchet et al., 2003a). They are the most
common human intestinal parasites in European archeological
sites dated to medieval and historic times (Bouchet et al., 2003a).
However, Ascaris eggs are rarely found in American prehistoric
populations, while T. trichiura had a wide distribution in the
New World in pre-Colombian times (Gongalves et al., 2003). This



LH. Joeger et al. f Acta Tropica 125 (2013 ) 282-286

Table 1
Morphometric data for Trichuris sp. eggs found in Praga XV Cemetery, Rio de Janeiro,
Brazil.
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Table 2
Morphometric data for Trichurs sp. eggs (n=24) found in Praga XV Cemetery, Rio de
Janeiro, Brazil

Sample (n=24 eggs) Length (pm) Width (pum) Measurements Length {pum) Width (pm)
Xv24 4207 2220 Mir. 40.84 2220

V24 4725 2475 1stQu. 4516 2475

Xv24 47.25 28.46 Median 47.02 7.22

XV25 56.10 33.00 Mean 47.83 2741

XV25 45.80 27.20 3rd Qu. 49,50 2970

XV25 4455 2722 Max. 56.10 33.00

XV26 47.02 2220 sD 446 3.23

XV26 40.84 2475

XV26 4455 2475

xv26 4578 2475 introduction of pigs and cattle (Gongalves et al., 2003 ). Paleopara-
igg gg;’g ;ig sitological studies have demonstrated the presence of taeniid eggs
VIR 49,50 37737 in pre-Columbian Patagonia in zooarchaeological material, where
V28 5197 2970 human tapeworms have not been found (Beltrame et al., 2010,
Xv28 49.50 2970 2011).In the present study, because the parasite eggs were found in
xvig 4455 29.70 sediments from the sacrum, (Fig. 1E and F) with external deposits
ﬂ;: i?:gg 3?;3 and/or contamination removed during the curatorial processes, the
W 49.05 1093 finding suggests infection by human taeniids, Taenia solium or T.
X3t 47.02 2475 saginata.

XV31 49.50 27.20 There is some evidence pointing to the human origin of the
:ﬁ;; i‘;:;; ;g:é Taenia sp. egg: (1) Bio—anthmlpaloglical analysis indicates that the
¥ s445 17 Praca XV Cemetery archeological site was a human cemetery; (2)
BAEY) 47.02 2970 Control samples of skull sediment were negative for paleoparasito-
Mean 4753 4446 37414133 logical analysis; and (3) the finding is statistically supported, of the

difference may be due to environmental and taphonomic factors
that affect preservation of eggs(Leles et al,, 2010) or by some inher-
ent characteristic of the egg.

Taenia spp. eggs have been recovered from human coprolites
and latrine sediments from Old World archeological sites (Bouchet
et al., 2003b; Gongalves et al., 2003). They have not been found
in humans of the New World in pre-Colombian times prior to the
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human-specific parasite T. trichiura, corroborated the human origin
of the samples. Therefore, this is possibly the first record of human
Taenia sp. in the New World, corroborating with new data of the
paleodistribution of tapeworms.

However, we cannot rule out the possibility that the Praca
XV Cemetery was used for disposal of organic refuse, including
animal excrement. Rocha et al. (2006) showed animal-specific
parasites, such as Capillaria sp. and Oxyuris equi eggs, in the Place
d Armes archeological site (Namur, Belgium) of the Gallo-Roman
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Fig. 3. Descriptive statistical analyses of morphometric data from Trichuris sp. eggs from this study.
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Period through the 19th century, confirming the zoological origin
of organic sediments. The presence of human and animal specific-
eggs confirms the used of this site for disposal of various types
of organic matter, including human and animal excrement. In the
present study, although no human material contaminated with
animal feces was found, we cannot rule out the possibility of a
post-mortem artifact, or contamination, as only a single egg was
found.

This study contributes to the understanding of parasitic dis-
eases with zoonotic potential, especially in cities such as Rio de
Janeiro that had increased population growth, crowding, and poor
sanitation conditions in colonial times.

We found spherical structures that may be intestinal protozoan
cysts. Cysts are fragile and less resistant to decay compared to
helminth eggs (Goncalves et al., 2003). Of 3 archeological samples
positive for Giardia duodenalis antigen by immunoassay, Gongalves
et al. (2002) found only one positive by microscopic examination.
We observed only two cysts that we attributed to protozoa. The
vulnerability of cysts to decay may result in artificially low esti-
mates of protozoa in paleoparasitology (Gongalves et al., 2002). The
location of Praca XV Cemetery, near the coastline in the port of Rio
de Janeiro at Guanabara Bay, may have contributed to preserva-
tion of intestinal protozoa. Historical records show that the location
corresponded to a vast mangrove swamp, and the human skeletal
remains were found in argillaceous and sandy soil characteristic
of a typical mangrove ecosystem. It is possible that the microenvi-
ronment of a mangrove swamp permitted differential preservation
of cysts and eggs. In addition, the foramina sacrum trapped para-
sitic eggs and cysts and may also have provided protection against
taphonomic effects, allowing better preservation of parasites.

The eggs of Trichuris sp. found were within the size range
reported for both desiccated and non-desiccated eggs of T. trichiura
species (Confalonieri et al., 1988). The average length expected for
the human T. trichiura, without polar plugs, is 48.08 and 47.65 pm
for non-desiccated and desiccated eggs, respectively (Confalonieri
et al., 1988). The results confirmed the experimental observations
of Confalonieri et al. {1988}, who found that the size of T. trichiura
eggs does not change with desiccation.

Paleoparasitological records suggest that, although the majority
of studied intestinal parasites infected pre-Columbian Amerindians
(Gongalves et al., 2003), parasitosis seemed to have become a major
public health problem after the arrival of Europeans settlers (Le
Bailly et al., 2006). A considerable increase may have occurred with
European colonization and the creation of new urban settlements
(Fernandes et al., 2005). It would be likely to find these parasites in
Brazilian historical archeological sites; however, there is no current
data from this period. The present study demonstrated the frequent
occurrence and diversity of intestinal parasites in historic times,
and suggests a high intensity of parasites in this population, since
the source of material examined was cleaned human remains.

The study showed the importance of analysis of sediment from
human remains preserved in museum or scientific collections, even
following the museum curating process. Our work was successful in
recovering helminth eggs in 80% of individuals, even when the bone
materials were cleaned. In addition, we found a large number of
eggs, mainly of T. trichiura, suggesting that the results represent an
underestimation of the prevalence of intestinal infection in historic
times. If it were possible to access all organic material associated
with the abdominal region, such as complete sacral sediment or
coprolites, the prevalence, intensity, and/or diversity of recovered
parasites would likely be much greater.

The study of sediment samples from the human sacral region
submitted to the curatorial process opens opportunities for the
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study of past disease patterns and increased understanding of the
introduction and spread of disease. The curatorial process should
be regulated, and all organic material preserved, to enable future
studies in paleoparasitology, as well as in paleogenetic, paleopaly-
nology. and paleodiet.
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Figura 3.4: Coleta paleogenética e artefatos arqueoldgicos encontrados no
sitio arqueologico Igreja Nossa Senhora do Carmo, Rio de Janeiro, Brasil.
Coleta paleogenética (A) realizada diretamente no sitio arqueologico,
demonstrando o uso de EPIs e materiais descartaveis. Artefatos
arqueoldgicos da religido catélica: crucifixo (B); e da cultura africana: bazios
(C) e figa (D). Escala: 1 cm. Os artefatos arqueoldgicos fazem parte da

colecdo do IAB.

Durante o periodo colonial brasileiro, na regido central da cidade estava
localizada a Igreja Nossa Senhora do Carmo. ApOs chegada da familia Real

Portuguesa ao Brasil, essa igreja tornou-se capela Real e posteriormente catedral da
40



cidade por décadas. Enterramentos humanos foram descobertos durante as obras
de restauracdo para a comemoracdo dos 200 anos da chegada da familia Real
Portuguesa ao Brasil. A coleta paleogenética foi realizada, levando em conta todos
os cuidados necessarios para evitar a contaminacdo com DNA moderno e a
degradacédo do aDNA, como o uso de EPIs por todos os membros da equipe, 0 uso
de ferramentas e materiais estéreis e descartaveis. O material recém coletado no
sitio arqueoldgico foi protegido da luz e mantido a 4°C até a chegada ao laboratorio
onde foi mantido a -20°C até o processamento. A analise paleogenética anterior
demonstrou a ancestralidade europeia em 91% dos individuos enterrados na INSC.
Este trabalho tem como principal objetivo verificar a presenga de parasitos intestinais
nos individuos enterrados no sitio arqueoldgico INSC, através de uma andlise
paleoparasitoldgica utilizando trés diferentes técnicas parasitologicas. Os resultados
demonstraram a presenca de infecgcédo pelos helmintos Ascaris sp. e Trichuris sp. em
11,8% da populagdo. Uma andlise de estatistica descritiva revelou que os ovos de
Trichuris sp. sdo compativeis com a espécie Trichuris trichiura. O estudo demostra
gque a aplicacdo das trés técnicas parasitarias complementa o0 cenario
epidemioldgico das parasitoses intestinais. Considerando os resultados de estudos
anteriores, que demostram a presenca de parasitos intestinais em amostras
provenientes no Cemitério Praca XV (CPXV), este estudo sugere que 0s nematoides
Ascaris sp. e Trichuris trichiura foram amplamente distribuidos no Rio de Janeiro
colonial. O estudo sugere que a diferenca entre a prevaléncia dos dois sitios € um
reflexo de que os individuos enterrados na INSC tinham melhores condi¢cfes de vida
e higiene comparadas aos individuos enterrados no CPXV.
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1. Introduction

Paleoparasitological study is becoming more widespread among
researchers in paleopathology. The identification of parasites in
human remains has generated information about infectious dis-
eases and lifestyle of ancient populations, as well as helping to chart
human migration routes (Aratjo et al., 2008; Ferreira, 2011).

Most paleoparasitological studies in the New World have been
focused on pre-Columbian times (Ferreira et al., 1980; Aradjo et al.,
1981; Iniguez et al., 2003). However, the introduction and spread
of parasites after the arrival of European settlers and African slaves
to America remains understudied. Evidence of Trichuris trichiura
and trichostrongylid nematode infections have been reported in
archeological sites from the colonial period of Brazil, in the Minas
Gerais and Piaui states (Confalonieriet al., 1981; Aragjo etal., 1984).
Recently, Jaeger et al. (2013) found infections with the nematodes
Trichuris sp., Ascaris sp., and the cestode Taenia sp. in individuals
buried in a cemetery in Rio de Janeiro dating to the 18th century.

The city of Rio de Janeiro, on the Atlantic coast, has a semi-
humid tropical climate with an annual rainfall in the range
1000-1500 mm. The Nossa Senhora do Carmo Church (INSC) is

* Corresponding author. Tel.: +55 21 25621416.
E-mail address: alena@ioc.fiocruz.br (A.M. lfiiguez).

1879-9817/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ijpp.2013.04.001
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located in the neighborhood of the Largo do Paco, in the center of
Rio de Janeiro. Historically, the church was designated the Chapel
Royal, and later it became the cathedral of the city. In 2007, dur-
ing an architectural and artistic restoration, an archeological site
was identified by the Institute of Brazilian Archeology [Instituto
de Arqueologia Brasileira (IAB)]. Forty-three human burials and
ossuaries were identified, dating from the 17th to 19th centuries
(Dias, 2008). Bio-anthropological analysis revealed that most of the
subjects were adults less than 30 years old (78%), with an equal
number of men and women (Jaeger et al., 2012). A tuberculosis
paleogenetic study conducted in the INSC population showed pos-
itivity for bacteria of the Mycobacterium tuberculosis complex in
53.1% of the individuals (Jaeger et al., 2012). Using the mitochon-
drial DNA, European ancestry was identified in 100% of primary
burials. Considering that intestinal parasite infection is an indica-
tor of health and hygiene conditions of a population, the aim of this
study was to evaluate the presence of intestinal parasites in samples
from the archeological site of the Nossa Senhora do Carmo Church.
In addition, the sensitivity of three parasitological techniques in
paleoparasitological analyses was compared.

2. Materials and methods

Sediment samples were collected directly from the pelvic
region of the seventeen human bodies. All samples were derived
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Fig. 1. Paleoparasitological results of archeological site INSC, Rio de Janeiro, Brazil. (A, B) Trichuris sp. eggs: (C) warped Trichuris sp. egg; (D) Ascaris sp. egg. Scale bar in the

figures.

from primary burials, with the exception of burial 38, which
was from secondary burial (Jaeger et al., 2012). The sam-
ples (1-2g) were rehydrated (1:2, w/v) with 0.5% aqueous
trisodium phosphate at 4°C for 72 h. Paleoparasitological inves-
tigation was conducted using three techniques, which followed
the protocol of Taglioretti et al. (2012): spontaneous sedi-
mentation, sucrose flotation, and zinc chloride flotation. We
conducted the three parasitological techniques on all samples in
an effort to obtain the maximal results and for comparative pur-
poses.

For spontaneous sedimentation (Lutz, 1919), ten slides of
each sample were examined. Sucrose flotation was conducted
at a sucrose density of 1.2 (Sheather, 1923, modified). At least
3 slides were examined after 15, 45, and 105min flotation or
until no further structures were recovered. The sediment sam-
ples were cleaned twice with aqueous trisodium phosphate
0.5%, and zinc chloride flotation was conducted at a density
of 1.5 (Reinhard et al., 1988). At least 5 slides were examined
after 10, 25, 40, 55, and 70min flotation or until no struc-
tures were observed. A minimum of 18 slides was examined
for each sample. Slides were examined under 100x and 400x
magnification, and measured with an ocular micrometer. The
images were made by Canon AS 650, and edited by Image] 1.44p
(National Institutes of Health, USA). The program R (version 2.13.2)
was used for descriptive statistical analyses and construction
histograms.
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3. Results

When the results of all three methods are combines, we find
that two of seventeen (11.8%) individuals had intestinal helminthes
(Table 1). A single positive sample was found when using sponta-
neous sedimentation (5.9%) with 10 of Trichuris sp. eggs recovered.
Sucrose flotation and zinc chloride flotation each showed a single
(5.9%) positive sample for Ascaris sp. and Trichuris sp., respectively
(Table 1).

Two methods (spontaneous sedimentation and zinc chloride
flotation) recovered at total of 13 Trichuris sp. eggs from indi-
vidual 14A (Table 1 and Fig. 1A-C). Most Trichuris sp. eggs
possessed no content or polar plugs. Trichuris sp. egg deforma-
tion (n=3) was observed with zinc chloride flotation (Fig. 1C),
and data from those samples were excluded from the descrip-
tive analysis. Trichuris sp. eggs (n=10) measured 40.0-47.5 pm in
length and 22.5-27.5 pm in width (mean+SD=43.5+248 pmL
and 24.0+ 1.84 pm W) (Fig. 2). The Trichuris sp. mean egg size cor-
responds to that established for T. trichiura (Confalonieri et al.,
1988). A single Ascaris sp. egg measuring 57.5 x 45.0 p.m was found
in individual 38H (Fig. 1D), using the sucrose flotation technique.

4. Discussion

In the Americas, parasite infections became a major health prob-
lem after the arrival of European settlers and the slave trade.
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Fig. 2. Frequency histograms of (A) length and (B) width of Trichuris sp. eggs.

Changes in the lifestyle of the native populations, population
growth and overcrowding of colonized cities, may have facilitated
the transmission and spread of infectious and parasitic diseases.
For this reason, and since the parasitological studies in the colonial
period in Americas are scarce, the study of intestinal parasites in
that historical period is necessary.

Findings of Trichuris sp. and Ascaris sp. in Brazil have been
reported dating from 8000 to 7000 BP and 3490+120 to 430 +70
BP, respectively (Goncalves et al.,2003), through the colonial period
(Confalonieri et al., 1981; Aradjo et al., 1984). The observation of
Trichuris sp. and Ascaris sp.in the present study is in agreement with
previous investigations reporting the recovery of those species in
human samples dating from the Brazilian colonial period (Jaeger
et al, 2013). We recently found an 80% infection for intestinal
parasites in humans remains recovered in Praca XV cemetery. In
historical times, this cemetery served as a burial place for the gen-
eral population of the city, along with a considerable number of
African slaves (Jaeger et al., 2013). Because the Praca XV samples
underwent a curation process before paleoparasitological analysis,
the prevalence of infection and abundance of parasites observed
should be considered an underestimation. On the other hand, the
individuals buried at the archeological site INSC were of European
maternal ancestry, which is consistent with the clergy and more
affluent population of the city (Jaeger et al., 2012). As expected,
since these individuals should have lived under more healthful con-
ditions than the general population and the African slaves, they
were less parasitized than individuals from the Praca XV cemetery.
In spite of the lower prevalence of intestinal parasites in the INSC
archeological site, a similar diversity of parasites, with Trichuris sp.
and Ascaris sp. was observed, suggesting that the distribution of
intestinal parasites was widespread in the city, regardless of social
status. A previous study showed Mycobacterium tuberculosis com-
plex infection in 53.1% of individuals buried in INSC (Jaeger et al.,
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2012). Ten individuals analyzed in the present study (58.8%) were
infected with mycobacteria, including the two individuals positive
for intestinal helminths.

The presence of preserved parasites is influenced by the tapho-
nomic conditions to which the samples have been subjected. The
semi-humid tropical climate of the city affects the preservation of
the parasites as well as of organic compounds. Despite this, the
recovery of a reasonable egg number was possible at the INSC
archeological site. Other taphonomic factors, such as proximity to
the coast, the temperature variations, and possible contact with
groundwater may also have influenced preservation.

Table 1

Paleoparasitological results from archeological site Nossa Senhora do Carmo Church,
Rio de Janeiro, Brazil. (+): positive result; (—): negative result; [] number of eggs
found.

Sample Spontaneous Flotation Parasites

sedimentation

Sucrose Zinc chloride

03A

08A
12B
14A
17H
18A
20A
22B
23A

[10] Trichuris sp.

28C
30F
32C
33C
34A

38H Ascaris sp.
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Paleoparasitology usually involves morphometry to identify
genus, and sometimes species, of a particular parasite. In this
study, descriptive statistical analyses demonstrated that Trichuris
sp. egg size corresponds to that established for desiccated eggs
of T. trichiura (Confalonieri et al., 1988), the human species.
Although it is not easy to assess the parasite load of an indi-
vidual at time of death (Bouchet et al., 2003), the large number
of eggs observed in individual 14A combined with the poor
preservation of samples suggests a substantial infection by T.
trichiura.

Concentration techniques such as sedimentation and flota-
tion have the main objective of recovering the largest number of
parasites possible from fecal samples (De Carli, 1994). In paleop-
arasitology, these techniques are often used because they increase
the chance of finding parasitic forms in coprolites and sediment
samples. Spontaneous sedimentation concentrates of the para-
sitic debris through deposition in an aqueous solution of lower
density than eggs or other parasite forms (Fugassa, 2011). Flota-
tion techniques are based on difference in the density between
helminth eggs or protozoan cysts and the fecal material, in which
the less dense organisms float to the surface of a saturated solu-
tion of suitable density (De Carli, 1994). The density of helminth
eggs ranges from 1.05 and 1.15 g/mL (De Carli, 1994). Trematodes
are denser than nematodes and therefore need a flotation solu-
tion of higher density than that used for nematodes (Fugassa,
2011). The disadvantage of flotation is that the solution may cause
deformation or distortion of the egg wall, making identification
difficult.

Paleoparasitological techniques attempt to find parasites and/or
parasitic structures in archeological samples. In the present
study, three parasitological techniques were employed, as in
Taglioretti et al. (2012). Although Taglioretti et al. (2012) found
that zinc chloride flotation was more sensitive than sucrose flota-
tion or spontaneous sedimentation for the recovery of Ascaris
sp., T. trichiura, and Enterobius vermicularis eggs from human
fecal samples, in the present study, spontaneous sedimentation
recovered the greatest number of eggs, with no deformation
of the eggs compared to the other tested techniques. How-
ever, the flotation techniques recovered a greater diversity of
parasite species than did spontaneous sedimentation. The dif-
ference in our results from those of Taglioretti et al. (2012)
may be related to the nature of samples: modern vs. arche-
ological sediments. Usually, paleoparasitological studies use a
single concentration technique for recovering parasites, most
often spontaneous sedimentation. Our observations, using each
technique separately, demonstrated differing parasite infections
within the population, from 5.9% prevalence with only T. trichiura
infection (spontaneous sedimentation) to the same prevalence
with only Ascaris sp. infection (sucrose flotation). The combined
approach revealed a more complete picture of infection of the Rio
de Janeiro population. Applying multiple parasite concentration
techniques in paleoparasitological studies increases the recov-
ery of parasites in both number recovered and the diversity of
species.
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3.5 The Pragca XV cemetery: an opportunity for the study of infectious

and parasitic diseases in colonial Rio de Janeiro.

m i

Figura 3.5: Artefats arquéolégicos e amostras Gsseas
encontrados no sitio arqueologico Cemitério da Praca XV, Rio de
Janeiro, Brasil. Amostras 6sseas, cranio e dentes (A), sacro (D)
e sedimento da regido sacral obtido por raspagem (C); e
artefatos arqueol6gicos caracteristicos da cultura africana,
cachimbo (D). Escala: 1 cm. Os artefatos arqueoldgicos fazem

parte da coleg&o do IAB.
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O sitio arqueoldgico Cemitério da Praga XV (CPXV) € conhecido por receber
corpos de escravos que chegavam mortos nos navios negreiros mas também foram
enterrados ali corpos de indigentes e da populagdo geral que morria das grandes
epidemias que afligiram o Rio de Janeiro durante o periodo colonial. Por isso, a
populacdo deste cemitério se torna uma excelente oportunidade para o estudo das
doencas infecciosas e parasitarias que circulavam na cidade durante esse periodo.
Um estudo anterior demonstrou a presenca de parasitos intestinais em 80% dos
individuos enterrados neste cemitério e a presenca de numeros ovos de Trichuris
trichiura. Neste estudo, nés desenvolvemos um painel paleoparasitologico molecular
para o diagnostico das principais parasitoses intestinais em amostras arqueoldogicas.
Além disso, avaliamos a presenca de infeccdo por bactérias do MTC e
determinamos a ancestralidade matrilinear dos individuos. Os resultados do peffil
paleoparasitolégico demonstraram a presenca de Ascaris sp., Trichuris trichiura e
Enterobius vermicularis. Esta é a primeira descricdo de E. vermicularis em sitios
arqueoldgicos do Novo Mundo. A presenca de infec¢do por bactérias do MTC foi
detectada em 2 amostras sitio especificas das 28 analisadas. E a ancestralidade
humana revelou a presenca de haplogrupos representantes dos trés grandes grupos

populacionais, como esperado para um cemitério da populacéo geral da cidade.
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ABSTRACT

Tuberculosis (TB) has plagued the man for thousands of years. A recent work
demonstrated the infection in Rio de Janeiro, Brazil at least 400 years ago in a
population of European and African ancestry. In order to understand the dynamics of
dispersion/origin of tuberculosis in Brazil, we conducted a paleogenetic study, in
human remains recovered from the archaeological site Praca XV cemetery, to
determine the presence of bacteria of Mycobacterium tuberculosis complex (MTC).
Additionally, the maternal ancestry of individuals was accessed by human
mitochondrial DNA (mtDNA) analysis of hypervariable segment | polymorphisms, and
the panorama of molecular paleoparasitological diagnosis was performed. Despite
the poor preservation of samples, it was possible to verified the presence of TB
infection by aDNA hybridization with 1S6110 and [1S1081 MTC targets, in 2
individuals. The mtDNA analysis allowed the recovery of HVS-lI sequences in 11
individuals. European, African and Amerindian mtDNA haplogroups were identified,
confirming the historical data the Praca XV cemetery was used to bury general
population. It was possible to detect the infection by Trichuris trichiura, Ascaris sp.,
Taenia sp., and Enterobius vermicularis parasites. The study provides new data
about the TB epidemic in the city during the colonial period. It also discusses the
contribution of different population groups to the TB epidemic in Rio de Janeiro city.

Keywords: molecular paleoparasitology, tuberculosis, intestinal helminths, molecular

panorama.

49



1. INTRODUCTION

The study of pathogens in ancient populations has unraveled the history of
infectious and parasitic diseases. Tuberculosis (TB) is an example of these diseases.
It is known that mycobacteria have accompanied early hominids since they left the
African soil (Comas et al.,, 2013); and was widely distributed in Europe since the
Middle Ages (Spigelman and Donoghue, 2003; Daniel, 2000). In Americas, it is
known that TB existed before the arrival of Colombo (Sotomayor et al., 2004; Arriaza
et al., 1995). However, after the arrival of European explorers, large centers were
formed with poor sanitary condition and overcrowding, such as the disease
exacerbated. The disease persists even today worldwide as an endemic form in
several countries and more than 8.7 million new cases in the year 2011 (WHO,
2012). TB is a chronic disease caused by bacteria of the Mycobacterium tuberculosis
complex (MTC), in which is transmitted through contaminated aerosols released from

an infected person.

Likewise, intestinal parasites are present in the human population and some
species are considered ‘heirloom parasites’, since these have evolved with the
human host (Araujo et al., 2008). They are the most common infections worldwide
when transmitted by soil, and is estimated that 24% of the world's population are
infected (WHO, 2011). Such parasites are usually transmitted through soil
contaminated by human faeces, via the fecal-oral route, like Ascaris sp. and Trichuris

trichiura, or by skin contact with infective third-stage larvae, like hookworms.

Recently, our group demonstrated the presence of TB in human remains with
European ancestry in a Catholic cemetery dating from the Brazilian colonial period

(Jaeger et al., 2012), and in skeletons with African ancestry, from a slave cemetery of

50



the same period (Jaeger et al, 2013a). In order to access the epidemiological
scenario of TB during this period in Rio de Janeiro, this study analyzed the presence
of disease in human remains from the Praca XV cemetery (CPXV — Cemitério da
Praca XV). Additionally, we demonstrated previously the presence of intestinal
parasites in individuals recovered this ancient cemetery (Jaeger et al., 2013b).
Therefore, we performed a paleogenetic analysis in order to compare the results of
the paleoparasitologic analysis and establish a panorama of molecular diagnostics in

paleoparasitology.

2. MATERIAL AND METHODS

2.1. The archaeological site Praca XV cemetery

The city of Rio de Janeiro was founded in the early 16th century. It was an
important commercial center and suffered from unrestrained Portuguese exploration.
The present day Praca XV de Novembro (November XV Square) was a central area
of Rio de Janeiro city in colonial times. In this area, there was a port, where they left
all the riches (gold, diamond, coffee and sugar) of Southeast region, and where
Europeans entered to populate the new country, and African slaves to work the
plantations. In 1996, during the construction of a tunnel in the port, human skeletons
dating from the 18th and 19th centuries were discovered. It is known that there was a
burial ground for the general population in the region. African slaves who died in the
slave markets located near the port were also buried in the cemetery. The
archaeological campaign excavation was conducted by the Institute of Brazilian
Archaeology (Instituto de Arqueologia Brasileira -IAB). During excavation, due to a
high degree of disaggregation of the burials and the anatomic separation of
individuals, complete skeletal series were not identified. Instead, a series of types of

bones, skulls and mandibles for example, were collected, stored at room
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temperature, and protected from light. All bones were well preserved and were

submitted to the curation process.

2.2. Precautions to avoiding contamination

Several precautions were taken to avoid aDNA degradation and modern DNA
contamination during the collection procedure and aDNA analysis in a Paleogenetic
Unit (LabTrip — IOC/Fiocruz). Clean protective clothing, gloves, head covering, mask
and sterile material (tubes and instruments) was used. DNA extraction and
amplification were performed under the procedures established for working with
aDNA (Ifiguez, 2011). The preparation of sample, aDNA extraction, and PCR were
performed at the Paleogenetic Unit, Oswaldo Cruz Institute/Oswaldo Cruz
Foundation (IOC/FIOCRUZ). Electrophoresis, sequencing and sequence analysis
were conducted at the Laboratory of Trypanosomatid Biology, IOC/FIOCRUZ. These

two laboratories are physically distant from each other.

2.3. Archaeological samples

The bio-anthropological analysis of 37 skulls showed that 59% were young
adults, 27% mature adults, 11% adolescents, and 3% children. Forty-six percent
were male, 38% female, and 16% undetermined. The preliminary analysis of 12
skulls demonstrated that 9 individuals presented dental modifications. There were no
lesions indicative of TB in samples of ribs. A total of 28 bone samples, including eight
ribs and 20 vertebras (associated or not to corpses) were obtained from the IAB
collection. At least twenty individuals were analyzed. The bones could be
individualized to the extent possible, avoiding duplication of samples. The sediment
samples (n=10) were recovered from the interior of the sacral foramina of ten
individuals by scraping. Samples were transported to laboratory at 4°C and kept at

—-20°C until paleoparasitological and paleogenetic analysis.
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2.3. Ancient DNA Extraction

All bone samples were decontaminated of exogenous DNA by exposing the
surface to UV light for 15 min in all faces and then, the surfaces were removed
(Iniguez et al., 2006). The samples were submitted to triturating in a mill, using
nitrogen liquid. About 200 mg bone powder was used for aDNA extraction. The bone
powder was treated with QlAamp DNA Investigator Kit (Qiagen) according to
manufacturer's instructions. The sediment samples were rehydrated (1:2, w/v) with
0.5% aqueous trisodium phosphate solution for 48 hours at 4°C. About 200uL
sediment solution was used for aDNA extraction. The sediment samples were treated
with 1.2 mL digestion buffer (NaCl 10 mM, Tris-HCI 10 mM, SDS 0.5%, EDTA 50
mM, pH 8.0) with 1 mg/mL of Proteinase K (Invitrogen) and incubated at 56°C for 24
hours. Thereafter, the sediment samples were treated with 1Q System (Promega)
according to manufacturer's instructions. The aDNA was purified by a GFX PCR DNA
and Gel Band Purification kit (GE HealthCare) and the DNA concentrations were

estimated on spectrophotometer.

2.4. Hybridization Analysis

A dot blot procedure was conducted as described elsewhere (Jaeger et al.,
2012). The DNA probes were prepared by PCR, purified by a GFX PCR DNA and
Gel Band Purification kit (GE HealthCare) and labeled by chemiluminescence using
Gene Images Alkphos Direct Labeling and Detection Systems (Amersham),
according to the manufacturer’s instructions. MTC hybridization was performed with
two distinct DNA probes corresponding to insertion elements IS6110 and 1S1081
(Taylor et al., 2005); and the parasitic hybridization with cytochrome b (cyt b) and
NADH dehydrogenase of Ascaris sp. (Gijon-Botella et al., 2010; Peng et al., 2005),

two regions of Internal transcribed spacer (ITS) of T. trichiura (Oh et al., 2010),
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cytochrome c oxidase subunit | (COI) and ITS of E. vermicularis , and 18S and 28S
ribosomal DNA (rDNA) of S. stercoralis (Basuni et al., 2011). DNA from M.
tuberculosis H37Rv (ATCC27294") was used as hybridization positive controls for
IS6110 and IS1081 probes. Nine controls were used to parasitic hybridization,
including eight positive controls (cyt b and NADH of Ascaris sp., two regions of ITS T.
trichiura, COIl and ITS of E. vermicularis, and 18S and 28S rDNA of S. stercoralis)

and one negative control (human DNA from the lab collection).
2.5. Human mtDNA Amplification and Sequencing

The attempt to amplify fragments of hypervariable segment | (HVS-I) of the
human mtDNA was performed using four sets of primers: L16070/H16259 (Jaeger et
al., 2012); L16209/H16356 (Handt et al., 1996); L16234/H15422; and
L16268/H16498 with 189, 148, 189 and 231 base pair (bp), respectively. PCR
amplification was carried out in 50 pL volumes containing 1X PCR buffer, 2 mM of
MgCl,, 1 mM of dNTPs, 2.0 units of Platinum Taq (Invitrogen), 100 ng each primer
and 5 pL of DNA or 30 ng. Cycling conditions were: an initial denaturation step at 94
OC for 3 min; 40 cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s; followed
by a final extension step at 72 °C for 5 min. Extraction blank controls and PCR
negative controls were included, but positive PCR controls were not included. PCR
products were visualized by 3% agarose gel electrophoresis (Specially Purified
Agarose NA, GE HealthCare) stained with ethidium bromide. The sequencing
reaction was performed using an BigDye Terminator kit v.3.1 (Applied Biosystems)
according to the manufacturer’s protocol, with analysis in both directions, on an ABI
3730 (Applied Biosystems) automated sequencer. Bio Edit v 7.0.4 (Department of
Microbiology, North Carolina State University, USA) and Lasergene Segman v. 7.0.0

(DNASTAR, Madison, WI, USA) were used for editing and sequence analysis. The
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human mtDNA sequences were compared to the GenBank database and from the

laboratory staff.

3. RESULTS

3.1. Tuberculosis Hybridization

M. tuberculosis complex aDNA was detected in 2 vertebra samples from the
archeological site Praca XV cemetery. Two vertebra samples yielded positive signals
for both targets, IS6110 and 1S1081 (Table 1). Twenty-six samples produced
negative results. All rib samples produced negative results. All positive controls had

the expected positive result.

3.2. Parasitological Hybridization

The panorama of molecular paleoparasitological diagnosis showed infection by
E. vermicularis in 5/10 individuals (50%), and by Trichuris sp. and Ascaris sp. in 4/10
(40%) individuals (Table 2). Strongyloides stercoralis aDNA was not detected in the
sediment samples from Praca XV cemetery. All positive and negative controls had

the expected result.

3.3. Human mtDNA analysis

The analysis of human mtDNA showed that it was possible to retrieve the HVS-I
target and determined the mtDNA haplogroup in 11 samples (Table 1). Results
showed a high diversity of mtDNA haplogroups, as expected for a general cemetery
in the city. Haplogroups representatives of the three great groups were identified: five
European (45%), four Amerindian (36%), and two African (18%) haplogroups. There
was no repetition of haplogroups, confirming the selection of bone from different

individuals.
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4. DISCUSSION

Deguilloux et al. (2014) asserts that “cemeteries potentially hold a wealth of
information about the biological and social aspects of the communities who used
them”. The Praca XV cemetery was a mass grave that was used to bury the common
people had no financial condition to afford a Catholic burial, in the churches. This
cemetery is known to receive the bodies of people who died during the great
epidemics that plagued the city during the colonial period. Therefore, we have an
excellent opportunity for the study of infectious and parasitic diseases in Brazil during
this period, because the Rio de Janeiro was the gateway to the country during this
period. It was the capital of Brazil from 1763 to 1960. The city became the main
commercial center of the country and as a consequence underwent massive
urbanization (Fragoso and Florentino, 2001). The urban and population growth has

not been accompanied by adequate public hygiene policy.

This study demonstrates the presence of MTC infection in two individuals buried
in the Praca XV cemetery. This result was confirmed by two specific targets to MTC
members. These are an obligate pathogen with no known environmental reservoir
(Comas et al.,, 2013). Although we found positive results in two vertebrae
unarticulated, the samples could be individualized, avoiding duplication of samples.
Furthermore, analysis of human mtDNA allowed differentiating the haplogroup,
confirming that the samples belong to different person. In a previous study, our group
demonstrated the high prevalence (53%) of TB infection in individuals buried in the
Nossa Senhora do Carmo church (Igreja Nossa Senhora do Carmo — INSC) with
European ancestry (Jaeger et al., 2012), and 25% in African slaves from Pretos

Novos cemetery (Cemitério dos Pretos Novos — CPN) (Jaeger et al., 2013a). Despite
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that those cemeteries were of the same period, there was a lowest prevalence of TB
infection in CPXV (7%). This may be due to the fact that in INSC was analyzed lung
tissue samples. Because the CPXV bones were stored in a museum collection and
was submitted to museological curation, it was not possible to have access to lung

tissue samples, as performed at the INSC.

The pulmonary infection is the most frequently found. It is estimated that bone TB
occurs in only 3-5% of infections, and that the spine is involved in approximately
40% of these (Donoghue, 2011). Although we demonstrated the presence of aDNA
of MTC in bone samples which normally has no predilection, as femur (Jaeger et al.,
2013a), and skull and ileum/sacral samples (Jaeger et al., 2012), the most of the
positive results were observed in samples related to the site of infection, lung tissue
and rib samples (Jaeger et al., 2012), even though different DNA concentrations are
present in different bones (Misner et al., 2009). In this study, we chose samples
which usually the mycobacteria is installed, such as ribs and vertebrae, representing
pulmonary and disseminated infection, respectively. Regardless these only two
vertebrae samples were positive. In fact, the low prevalence of TB infection in CPXV
is unexpected, mainly because these archaeological sites are in the same city and
period. They suffered the same environmental conditions and taphonomic factors.
However, the clear low preservation of samples may have contributed to obtain more
negative results. It is known that the major degradation of the aDNA happens rapidly
after death that depends on factors such as temperature, pH, and salinity which may
vary depending on depositional conditions (Sawyer et al., 2013). The CPXV was
found during restoration of the city, like a large grave disorganized, with many bodies
mixed and disjointed. This trait may have been harmful to the preservation of bones

and organic material, such as aDNA. The preservation of the samples may have
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been different from that observed in the INSC archaeological site where the bodies

were presented in primary burials and articulated bodies (Jaeger et al., 2012).

In addition, in the INSC site was carried out paleogenetic collection of samples,
following the recommendations for the better preservation of the material and to
prevent contamination with modern DNA (Iiiguez, 2011). These samples were not
handled by archaeologists or anthropologists without the use of gloves. A study
performed by Pilli et al. (2013) showed that manipulated samples present incomplete
or ambiguous genetic profiles compared to virgin samples. Furthermore, the CPXV
cemetery was built to receive people who died in the great epidemics in the city. TB
was not the only existing infection at the time in the city. It is known that smallpox,
yellow fever, syphilis, Chagas disease, and worms were present in colonial Brazil
(Maciel et al., 2012; Sheppard et al., 2001). It is possible that these individuals have

undergone other injuries.

Although few studies in colonial Brazil, it has been demonstrated the contribution
of European settlers in the dispersion of several infectious diseases in Americas. TB
was widespread in Europe, accounting for one in four deaths from the 16th to the
18th centuries (Spigelman and Donoghue, 2003). It is suggests that more virulent
strains of the tubercle bacilli originated in Europe and spread to the Americas during
the colonial expansions (Donoghue, 2009). Hence, a more severe disease, with
acute and epidemic character, has spread among Native Americans. In 1855, the TB
mortality in Brazil was 1/150 inhabitants (Maciel et al., 2012; Campos and Pianta,

2001), with lethality estimated at 50% (Hijjar et al., 2007).

In this study, we detected aDNA of intestinal helminths by using the molecular
panorama. Previous studies demonstrated the presence of Trichuris trichiura, and

Ascaris sp. eggs in CPXV (Jaeger et al 2013b) and INSC (Jaeger et al., 2013c)
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archaeological sites. Our paleoparasitological results are in agreement with historic
evidences that demonstrate poor sanitary conditions and hygiene of Rio de Janeiro
during the colonial period (Hijjar et al., 2007). Frequent cases of co-infection between
TB and others pathogens are well documented in ancient populations, like malaria
(Lalremruata et al., 2012) and M. leprae (Donoghue et al., 2005). The finding of TB
and intestinal helminths is expected, considering the poor sanitary and hygienic

conditions and overcrowding.

Interestingly, we observed that helminth eggs were observed in samples with
negative results for aDNA, and vice-versa. It is expected to find positive results
through a technique and not by another, since they often eggs are not observed, it
broke up or are not content inside. Molecular analysis can help to differentiate or
confirm organisms, even in the absence of visible physical remains (Cleeland et al.,
2013). We suggest the use of a combined approach to confirm and complement the

diagnosis of intestinal parasites in the past.

This is the first identification of E. vermicularis aDNA in archaeological sites of
Brazil. The conventional parasitological techniques, sedimentation and flotation, are
used for many years for the diagnosis of intestinal parasites in archaeological
material. In this study, we detected the presence of E. vermicularis aDNA in 50% of
individuals; however no eggs were visualized by parasitological techniques. This fact
suggests that the environmental conditions of the city and taphonomic factors affect
more the helminth eggs such as E. vermicularis than others, such as Ascaris sp. and
Trichuris sp., which have multiple layers and resistant protective protein. Moreover,
considering the life cycle of this parasite, pregnant females placed in the perianal
region explode and release their eggs (Rey, 2008). They are often carried by feces;
however, usually the eggs are not shown in conventional parasitological

examinations. The S. stercoralis infection was not diagnosed by any of techniques:
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paleoparasitologic or paleogenetic. Considering the life cycle of this parasite, the
eggs are normally released by the female still inside the intestine, which quickly
hatch out (Rey, 2008). The larvae are released in the feces, requiring a period in the
soil to become infective larvae (Rey, 2008). The larvae are markedly more fragile
structures, and should not resist very well to the effects of time and/or the
taphonomic factors. Furthermore, the material sediment sacral region of individuals
from the site CPXV was collected from skeletons that had been submitted to

museological curation.

In this study we identified a variety of mtDNA haplogroups in individuals buried in
CPXV, with representatives of the three groups, Amerindians, Europeans and
Africans. These results are expected and are in agreement with the historical
evidence to say that this was a cemetery to bury the general population of the city.
The current Brazilian population is formed by mixing between Native Americans,
European explorers and African slaves. It is expected to find such diversity in a

cemetery in the general population of the city.
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Table 1: MTC Hybridization and human mtDNA Haplogroup results of the Praca

XV cemetery, Rio de Janeiro, Brazil. (+): positive result; (-): negative result; [ ]:

reference; (%): associated to a complete skeleton.
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Table 2: Results of the panorama of molecular paleoparasitological diagnosis from

archeological site Praga XV cemetery, Rio de Janeiro, Brazil. (+): positive result; (-):

negative result; (%): results of Jaeger et al., 2013b.
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4 DISCUSSAO
4.1 Tuberculose

No presente trabalho nés demonstramos a presenca de infeccdo por bactérias
do MTC em remanescentes 0sseos humanos do Rio de Janeiro, datados do periodo
colonial brasileiro. E conhecido que aDNA de micobactérias pode ser detectado em
remanescentes esqueletais do passado, em humanos (Donoghue et al., 2005; Zink
et al., 2005) e de animais (Rothschild et al., 2001). Essa peculiaridade € atribuida a
carateristica dessas bactérias de possuir uma parede celular rica em lipideos (os
acidos micolicos) (Verschoor et al., 2012) que atuaria na preservacao da estrutura
celular bacteriana e, consequentemente, na menor degradacdo do DNA. Além disso,
o alto conteudo GC presente no genoma das micobactérias contribui para uma

melhor preservacao do aDNA (Rollo et al., 2006).

A frequéncia de infeccdo por MTC em remanescentes humanos do sitio INSC
foi alta (53,1%). Se considerarmos apenas a infeccdo por TB em remanescentes
humanos de enterramentos primarios, onde os individuos apresentam
ancestralidade europeia, este valor aumenta para 56%. Estes achados estdo de
acordo com evidéncias historicas que afirmam que a TB foi amplamente distribuida
na Europa desde o periodo Neolitico (Daniel, 2000), onde inicialmente se
apresentava na forma de casos cronicos na zona rural (Stead, 1997). A TB foi
prevalente na Europa durante a Idade Média (Daniel, 2004). A epidemia cresceu e
espalhou-se rapidamente por toda a Europa Ocidental. Mas foi durante a Revolucéo
Industrial, no século XVIII, que o ingrediente essencial para o desencadeamento da
epidemia foi introduzido: formacdo das grandes cidades e pobreza generalizada
(Stead, 1997). Estimativas propdem que a mortalidade por TB durante o século XVl
era de 900 mortes por 100.000 pessoas (Daniel, 2004). Corroborando com esses
dados, Fletcher e colaboradores (2003) demonstraram uma frequéncia de infeccao
maior que 50% em remanescentes humanos, através da detec¢cdo de aDNA de
bactérias do MTC, em costelas de individuos enterrados em uma igreja na Hungria,

datados do século XVIII.

Com a avancada tecnologia da navegacgao, 0s europeus colonizaram outras

regibes geograficas. Evidéncias historicas demonstram que durante a colonizacao
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portuguesa do Brasil, jesuitas e colonos infectados pela micobactéria se
estabeleceram no pais (Maciel et al., 2012). Muitos deles, conscientes da doenca,
vieram atraidos pelas qualidades climaticas que se supunha na época serem
importantes para o tratamento de doencas respiratorias (Hijjar e Procépio, 2006).
Similarmente ao que ocorreu na Europa durante a Revolucao Industrial, a epidemia
de TB no Brasil tornou — se realidade na maior parte das grandes cidades brasileiras
e ndo demorou em se tornar um importante problema de saude publica (Campos e
Pianta, 2001; Maciel et al., 2012). Apesar de sabermos da existéncia de TB no
continente americano antes da chegada dos exploradores europeus (Salo et al.,
1994; Arriaza et al., 1995), as viagens exploratorias europeias foram devastadoras
em relacdo a dispersao da TB no continente (Herberg et al., 2008; Gagneux, 2012).
Essas viagens foram tdo hostis no que se refere a dispersdo das linhagens
chamadas modernas que ofuscaram a contribuicdo das linhagens antigas no

estabelecimento da epidemia (Hersberg et al., 2008).

A cidade do Rio de Janeiro foi capital do pais entre 1763 e 1960. Tornou-se o
principal centro comercial no século XVIII e como consequéncia sofreu macica
urbanizacao (Fragoso e Florentino, 2001). No entanto, este crescimento urbano néo
foi acompanhado por uma adequada politica de higiene publica (Espinoza, 2008). As
doencas infecciosas sao ditas como uma penalidade para a vida urbana e para a
alta densidade populacional (Dye e Williams, 2010), e a TB, especialmente, estava
associada a pobreza, a falta de higiene e ma nutricdo, além do ar abafado inalado
pelos que moravam em lugares superpopulosos da época (Sheppard, 2001; Maciel
et al., 2012). A alta frequéncia de infeccdo observada em individuos enterrados na
INSC est4d de acordo com estimativas de mortalidade por TB durante o Brasil
Império. Aproximadamente de 1 para cada 150 habitantes morria de TB, segundo
alguns autores (Campos e Pianta, 2001; Maciel et al., 2012). Hijar e colaboradores
(2007) descrevem que no final do século XIX e inicio do século XX, morriam metade

dos individuos acometidos por TB (Hijjar et al., 2007).

A faixa etaria da maioria dos individuos com resultados positivos para MTC no
sitio INSC era adulta com menos de 30 anos (60%). Estes resultados estdo de
acordo com dados atuais da OMS (2011a) que demonstram que a TB ocorre com
mais frequéncia em individuos do sexo masculino e afeta principalmente adultos na
idade economicamente produtiva, com cerca de 2/3 dos casos entre 15 e 59 anos
(OMS, 2011a). Os resultados deste sitio arqueologico nos permitem sugerir que

68



estes individuos sofriam de doenca pulmonar ativa, principalmente pelo fato de que
a maioria dos resultados positivos foi identificada em amostras de sedimento
pulmonar e costelas (68%). Além disso, as amostras 6sseas provenientes do sitio
INSC ndo apresentaram lesdes 6sseas sugestivas da doenca. Segundo Rollo e
colaboradores (2006) as manifestacbes de doencas em 0ssos, ou lesdes Osseas,
sdo geralmente expressdes de doencas cronicas, desta maneira esqueletos sem
sinais 6sseos pertencem a individuos saudaveis ou que morreram de doenca aguda.
O individuo doente por TB pulmonar aguda deve morrer antes que ocorra uma
resposta 0ssea (Rollo et al., 2006). Entretanto, a auséncia de patologia visivel nao
impede a recuperacdo de biomarcadores para TB (Mays et al.,, 2002). Estudos
anteriores demonstram a recuperacdo de aDNA de MTC em 0ss0s que hao
apresentam lesdes sugestivas de TB (Baron et al., 1996; Zink et al., 2001; Muller et
al., 2014) e esta deteccado pode sugerir se a infeccéo foi localizada ou disseminada
(Donoghue e Spigelman, 2006). Ortner e Putshar (1981) estimaram que apenas 3%
das pessoas que morriam de TB na Europa durante o século XIX apresentavam
lesbes d6sseas. A doenca pulmonar € a manifestacdo clinica mais comum da TB
(Gagneux, 2012), caracterizada pela presenca de micobactérias em lesbes
calcificadas no pulméo, peculiaridade essa que pode contribuir na preservacdo do
DNA residual da bactéria (Rollo et al., 2006). Nossos resultados demonstram ainda
gue amostras de sedimento de pulmao sédo importante fonte de material organico
para a recuperacdo de aDNA de micobactérias em remanescentes humanos, e deve
ser considerado no momento da coleta.

A deteccédo da infeccdo por bactérias do MTC em 0ssos que normalmente nao
sdo acometidos pela micobactéria ocorreu neste estudo. Ossos do cranio e um
fragmento do ileo/sacro demonstraram estar infectados por bactérias do MTC. Estes
resultados estdo de acordo com estudos anteriores que demonstram a recuperacao
de aDNA em amostras 6sseas do cranio e do tarso (pé) em remanescentes
humanos do Egito datados de 3.000 a 2.000 a.C. (Zink et al., 2001), e do fémur e
dentes de individuos provenientes de sitios arqueoldgicos da Europa, datados dos
séculos -1V e XVIII-XIX, respectivamente (Muller et al., 2014). O osso esterno, as
costelas e as vertebras sdo regides especialmente suscetiveis a infeccdo pelo
Mycobacterium tuberculosis, devido a sua alta concentragdo de células
hematopoiéticas e a vascularidade (Ortner e Putschar, 1981). Entretanto, qualquer

0sso do corpo pode ser acometido pela micobactéria (Zumla et al., 2013) e a
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disseminacéao por via hematoldgica da micobactéria pode ocorrer a partir de focos de
tecidos moles (Donoghue, 2011).

Por ser o uUnico cemitério de escravos novos na Ameérica conhecido até o
momento (Liryo et al., 2011) o Cemitério dos Pretos Novos (CPN) se apresenta
como uma oportunidade Unica de se estudar a cultura Africana e as etnias trazidas
para a América, assim como, as doencas que foram trazidas por essas populagdes.
Os enterramentos humanos encontrados em 1996 durante as obras em uma casa
na regido da Gamboa foram descritos como enterramentos secundarios (Machado,
2006). Este sitio se apresenta como uma grande cova, onde eram enterrados corpos
de escravos africanos que chegavam mortos nos navios negreiros, que morriam
assim que desembarcavam na cidade, ou nos primeiros dias em que estavam nos
mercados de escravos, durante o periodo de “quarentena” de oito dias (Pereira,
2010). O CPN foi criado em 1769 pelo Marqués de Lavradio, por conta da
transferéncia do porto de desembarque dos escravos do cais da Praca XV para o
cais do Valongo (Mendongca de Souza et al., 2012). Essa transferéncia ocorreu
principalmente pelos discursos higienistas que comecavam a ganhar espaco na
época (Medeiros, 2012) e pela proibicio do comércio de escravos nas ruas
principais (Marques, 2010). Assim, 0s escravos desembarcariam em um porto
alternativo e ndo iam ser vistos pela populacdo no estado lastimavel em que

desembarcavam (Pereira, 2010).

A preservacdo do material organico do sitio CPN foi pobre. Os corpos eram
enterrados em valas comuns, que eram necessariamente retrabalhadas para
receberem mais corpos (Medeiros, 2012). Porquanto, o remanejamento dos corpos
e distarbio dos enterros ocorreram peri-mortem. Os esqueletos foram descobertos
durante obras em uma casa, 0 que provavelmente causou mais danos ao material.
Além disso, as condigcbes de armazenamento do material no acervo do IAB, em
sacolas plasticas, a temperatura ambiente e sem 0 uso de equipamentos de
protecdo individual durante a coleta e manipulacdo dos o0ssos, nao foram
apropriadas e podem ter prejudicado a preservacdo do aDNA. Durante o
processamento do material 6sseo no laboratorio, para analise de aDNA, foram
visualizadas regides com coloragdes que variaram do castanho claro ao branco na
superficie dos 0ssos, assim como pontos pretos em seu interior. Um estudo bio-
antropoldgico anterior demonstrou alteracbes macro e microscépicas nos 0ssos do

CPN devido ao processo de cremacdo (Machado, 2006). A cremacdo € definida
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como a reducédo de cadaver através da queima (Duncan et al., 2008); e o grau de
alteracdo provocado estd ligado: (i) ao tempo de exposicao, (i) se 0 0sso estava
protegido por tecido no momento da queima (Gongalves et al., 2011) e (ii) da
disponibilidade de oxigénio (Walker et al., 2008). Os individuos enterrados no CPN
nao foram cremados até o estagio de cinzas. As alteracbes observadas por
Machado (2006) indicam uma queima parcial dos corpos a temperaturas que variam
entre 525°C e 800°C; e tanto a auséncia como a presenca de tecidos ho momento
da queima. Evidéncias historicas revelam que os individuos eram submetidos a
gueima, para que seus corpos reduzissem mais rapidamente ou para eliminar o
cheiro da decomposicdo, jA que eram enterrados muito proximos da superficie e
permaneciam dias insepultos (Pereira, 2007; 2010). No presente estudo
demonstramos a recuperacdo de aDNA de o0ssos expostos a cremacao. Walker e
colaboradores (2005) demonstraram que compostos organicos (incluindo o DNA)
podem estar preservados em 0ssos cremados a temperaturas entre 500°C e 600°C.
Adicionalmente, Brown e colaboradores (1995) demonstraram a recuperacédo de

aDNA humano por PCR e hibridagcdo em remanescentes humanos cremados.

A infeccdo por bactérias do MTC foi detectada em 25% dos individuos
analisados do CPN. Cummins (1929) define o continente africano como “virgin soil”
para a infeccdo por TB. E a existéncia de registros historicos que demonstrem a
presenca da doenca entre africanos no momento da chegada dos colonizadores
europeus a Africa é escassa. Entretanto, um estudo realizado por Daniel (1998),
onde analisou registros médicos de dezenas de pacientes da regido de Buganda,
Uganda, sugere que a infeccdo estava bem estabelecida no continente africano no
momento da chegada dos europeus. Apesar disso, se considerarmos que a TB
estava presente no continente africano, em baixos niveis de endemicidade e
dispersa entre 0s grupos populacionais, é possivel que algumas etnias fossem naive
para a infecgcdo. Com a visita constante de exploradores europeus no solo africano a
partir do século XV, é possivel que linhagens europeias de MTC tenham circulado
nas populacdes africanas. Da mesma forma, marinheiros gregos estavam presentes
na costa africana desde 200 a.C., e comerciantes arabes exploravam a costa
africana muitos séculos antes dos europeus (Daniel, 1998). Stead (1998) defende
que a infeccéo limitou-se a regido norte da Africa e as cidades da costa, € mesmo
assim a infeccdo era incomum. Os individuos encontrados no CPN apresentaram

aDNA de bactérias do MTC em seus 0ssos. O tempo estimado desde a captura até
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a chegada de um escravo africano nas Américas era entre nove e 18 meses
(Pereira, 2007). Mesmo que a TB n&o tenha sido uma doenca importante na Africa,
eles poderiam ter adquirido a infeccdo ou até mesmo desenvolvido a doenga durante
o periodo de captura e transporte da Africa para a América. A falta de higiene e a ma
nutricdo, além da condicdo de confinamento forcado nos navios negreiros (Pereira,
2007), podem ter levado ao aumento da suscetibilidade a novas infecgbes e ao
desenvolvimento de doencas a partir de infec¢des pré-existentes, como por exemplo
a TB (Hijjar e Procopio, 2006).

Mesmo sabendo que exploradores europeus e arabes estavam presentes em
terras africanas ha décadas, ndo se pode desconsiderar que a Africa é o berco do
bacilo da TB. Estudos revelaram que existiu um ancestral comum a todos o0s
membros do MTC na Africa, que posteriormente sofreu um gargalo evolutivo ainda
em solo africano (Gutierrez et al., 2005; Comas et al., 2013). A bactéria foi levada
para fora da Africa através das populacdes humanas que migraram pelo planeta e
as linhagens de MTC foram se diversificando por regido geografica (Namouchi et al.,
2012). A Africa é o Gnico continente em que todas as seis linhagens humanas de
MTC ocorrem (Hersberg et al., 2008; Gagneux et al., 2006). O presente trabalho
demonstrou a infecgcdo por MTC em individuos africanos trazidos para o Brasil,
entretanto as linhagens/cepas que afetaram esses individuos ndo foram definidas.
Os individuos trazidos da Africa trouxeram a infecgdo por MTC com eles, mas se foi

causada pelas cepas europeias ou pelas africanas ainda ndo sabemos.

O sitio CPXV apresentou uma baixa frequéncia de infeccdo por MTC (7%),
confirmado pelos dois alvos genéticos especificos para bactérias do MTC.
Esperavamos obter mais resultados positivos para os individuos enterrados neste
sitio, principalmente por ser este cemitério historicamente conhecido por receber
corpos de pessoas que morriam das grandes epidemias de doenca na cidade.
Entretanto, evidéncias historicas revelam que a TB ndo era a Unica epidemia
existente na cidade durante este periodo. Epidemias de febre amarela e variola
estavam presentes na populacdo residente no Brasil colonial, assim como outras
doencas como a sifilis, a doenca de Chagas e as parasitoses intestinais (Maciel et
al., 2012; Sheppard, 2001). E possivel que esses individuos tenham sofrido de

outras injurias.
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Outra questao acerca da baixa frequéncia de deteccdo de aDNA de MTC ¢é a
baixa preservacdo do material. As regras para a coleta paleogenética foram
seguidas durante a manipulacdo dos corpos no sitio INSC. O uso de equipamentos
de protecdo individual por todos os membros da equipe, bem como o uso de
ferramentas e material estéril e descartavel foi utilizado. Todo material organico
coletado foi conservado a 4°C e mantido a esta temperatura até a chegada ao
laboratério, onde foi conservado a -20°C até o momento do seu processamento. O
material arqueoldgico proveniente dos sitios CPXV e CPN fazem parte do acervo do
Instituto de Arqueologia Brasileira, na qual passou pelo processo de curadoria
museoldgica. Neste processo, todo o sedimento e material organico proveniente do
sitio arqueoldgico é retirado da superficie 6ssea e descartado. Geralmente o
material 6sseo é lavado. Além disso, a coleta, 0 armazenamento e a analise bio-
antropoldgica classica foram realizadas no final da década de 1990. Durante este
periodo, os cuidados com a contaminacgdo, controle de temperatura e preservagao
do aDNA no material arqueoldgico nao eram rotina, apenas a protecao contra luz era
realizada. Um estudo realizado por Pili e colaboradores (2013) demonstra que o
perfil genético de amostras armazenadas em colecdes (manipuladas) foi incompleto,

ou ambiguo, comparado ao perfil de amostras ndo manipuladas (“virgin samples”).

Um aspecto a ser considerado para a deteccdo de uma maior frequéncia de
infeccdo por TB no sitio INSC é o uso de amostras de sedimentos associados ao
sitio de infeccdo. A amostra 0ssea utilizada para as analises paleogenéticas no CPN
foi o fémur, um osso que normalmente ndo é acometido pela micobactéria. Baron e
colaboradores (1996) detectaram aDNA de bactérias do MTC em amostras de fémur
de individuos datados do século XIX, demonstrando que qualquer agente infeccioso
carreado ao 0sso pela corrente sanguinea pode ser detectado por técnicas
moleculares. Assim como Muller e colaboradores (2014), que demonstraram a
presenca de aDNA dessas bactérias em amostras de fémur de remanescentes
humanos datadas do seéculo XVIII - XIX da Europa. Esses dados sugerem que
ocorreu a disseminacdo da bactéria pela corrente sanguinea. Possivelmente uma
doenca disseminada ou sepse pode ter acometido esses individuos. O fémur é
composto principalmente de material compacto, com pouco componente esponjoso
(Misner et al., 2009). Além disso, Sd0 0SS0S mais espessos, que preservam melhor o
DNA do que os o0ssos mais finos (Quincey et al., 2013). No CPXV foram escolhidos

0SS0S que sdo usualmente acometidos por essas bactérias, como costelas e
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vértebras. Mesmo assim, foi observada uma baixa frequéncia de infeccao,
provavelmente porque costelas apresentam 0sso compacto apenas no cortex, sendo

a maior parte compostas por 0sso tipo esponjoso (Misner et al., 2009).

A preservacdo do material organico no sitio INSC foi superior aos demais sitios
arqueoldgicos analisados. Foram coletadas amostras principalmente de
enterramentos primarios, os individuos ndo haviam sido perturbados conservando a
posicdo original do enterramento. A coleta paleogenética foi realizada, permitindo a
recuperagdo do material organico sem contaminagdes. Misner e colaboradores
(2009) observaram que amostras provenientes de um mesmo sitio arqueoldogico,
expostas as mesmas condi¢cdes climaticas, periodo de tempo, temperatura,
precipitagéo, e condigbes do solo em geral demonstraram resultados divergentes
para a recuperagdo do aDNA. Eles atribuiram a presengca de micro — habitats
envolvendo os corpos, com caracteristicas Unicas de pH e composicao de sais, que
poderiam ter atuado de diferentes formas na preservacdo dos esqueletos. A
preservacdo de material organico na cidade do Rio de Janeiro € prejudicada pelas
caracteristicas climéticas da regido. A cidade do Rio de Janeiro apresenta clima
tropical, com uma temperatura média anual de 22°C (INMET, 2013), umidade de
79% (INMET, 2013) e pluviosidade que varia de 1.000 a 1.600 mm (Dereczynski et
al., 2009). Sitios arqueologicos localizados em regiées com clima quente, como o
deserto do Atacama (Arriaza et al., 1995), ou frio extremo como o solo congelado
(permafrost) (Barnes et al., 2002), e com uma baixa umidade (Eglinton e Logan,
1991) apresentam condi¢des propicias para uma excelente preservacdo do material
organico, provavelmente por impedir a acdo imediata das enzimas enddgenas

responsaveis pela degradacao inicial do material.

4.2 Parasitos intestinais

Estudos paleoparasitolégicos tém sido realizados em amostras humanas do
Brasil datadas do periodo pré — Colombiano (Aradjo et al., 1981; Ferreira et al.,
1980; Goncalves et al., 2003; Ifiguez et al., 2003; Leles et al., 2008). Entretanto,
resultados demonstrando o padrdo de infeccdo por parasitos intestinais nas
populacdes humanas no Brasil colonial sdo escassos. Estudos anteriores
demonstraram a presenca de ovos de Trichuris trichiura e Trichostrongylidae em
sitios arqueoldgicos de Minas Gerais e Piaui, (Confalonieri et al., 1981; Araujo et al.,
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1984), e aDNA de Ascaris sp. e Trichuris trichiura no Rio de Janeiro (Leles, 2010a)

datados do periodo colonial.

Através da andlise paleoparasitologica, este estudo demonstrou que a
frequéncia de infecgao por parasitos intestinais em remanescentes humanos dos
sitios CPXV e INSC foi de 80% e de 11,8%, respectivamente. O objetivo deste
trabalho foi investigar o status saude/doenca dos individuos através da avaliacdo da
infecgdo por parasitos intestinais. Considerando que na maioria dos casos, as
infeccbes por T. trichiura e Ascaris sp. sdo leves e clinicamente benignas (Rey,
2008), podemos admitir que a populacdo do Rio de Janeiro estava sob risco de
contrair a infeccdo por esses nematoides. Do ponto de vista médico e social, as
infeccdes parasitarias representam importantes problemas de saude publica que
ameacam o bem — estar e a vida da populacdo, reducdo da produtividade ou

incapacitacdo para o trabalho (Rey, 2008).

Os nematoides Ascaris sp. e T. trichiura foram detectados nos dois sitios
analisados, INSC e CPXV. As infec¢gOes por Ascaris sp. e T. trichiura sdo conhecidas
por ocorrerem simultaneamente, devido a similaridades no modo de transmisséo,
grande fertilidade dos helmintos e semelhante resisténcia dos ovos ao meio exterior
(Rey, 2008). A infeccdo por esses nematoides normalmente refletem as pobres
condicBes sanitarias e de higiene em que vivem uma populacdo (Bouchet et al.,
2003). Ascaris sp. e T. trichiura existiram nas Américas antes da chegada dos
exploradores europeus (Goncalves et al., 2003; Leles et al., 2010b). Entretanto,
essas parasitoses se tornaram um dos principais problemas de saude publica apés a
chegada dos colonizadores ao Novo Mundo (Le Bailly et al., 2006). A cidade do Rio
de Janeiro foi capital da colbénia portuguesa e tornou — se o principal centro
comercial no século XVIII (Fragoso e Florentino, 2001). O crescimento desenfreado
da cidade e de sua populacdo nao foi acompanhado por um planejamento urbano
nem por uma adequada politica de higiene publica (Espinoza, 2008), o que tornou a
cidade mais propensa a transmissdo de microorganismos causadores de doencgas

relacionados a pobreza, a aglomeracéo e as miseras condi¢cfes sanitarias.

Os sitios arqueologicos objetos deste estudo sdo da mesma cidade e mesmo
periodo. Considerando somente estes aspectos, seria esperado que os individuos
apresentassem mesma diversidade e prevaléncia de infeccdo por parasitos

intestinais. Uma similar diversidade de parasitos foi observada (Ascaris sp. e T.
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trichiura) o que indica que a infeccdo por esses parasitos era amplamente distribuida
no Rio de Janeiro durante o periodo colonial. Apesar disso, um menor nimero de
ovos foi observado nos individuos do sitio INSC. Este fato pode ser explicado pelas
melhores condicbes de vida em que viviam as pessoas enterradas na INSC.
Evidéncias histéricas reforcam o conceito de que a classe eclesiastica e individuos
catdlicos, com certa posicdo social e recursos financeiros para arcar com as
despesas do sepultamento, eram enterrados nas igrejas (Pereira, 2010). Dados
gerados neste estudo comprovam a ancestralidade europeia dos individuos
provenientes de enterramentos primarios deste sitio arqueoldgico. Ainda, no sitio
INSC, foram utilizadas trés técnicas parasitologicas de concentracdo parasitaria, na
tentativa de obter um diagndstico mais completo. Entretanto, um menor nimero de

ovos e menor abundancia média de infeccao foram observados.

Neste trabalho foi observado um numero maior de ovos de T. trichiura em
relacdo a de Ascaris sp., representando uma maior abundancia e intensidade
médias. Este resultado estd de acordo com trabalhos anteriores que demonstram
gque ovos de Ascaris sp. sdo menos frequentemente encontrados em sitios
arqueoldgicos da América do Sul quando comparados aos ovos de T. trichiura, que
tem uma ampla distribuicdo por todo o Novo Mundo (Goncalves et al., 2003; Leles et
al., 2010b). Além disso, tem sido discutido sobre a pobre preservacédo dos ovos de
Ascaris sp. em relacdo ao de Trichuris trichiura em material arqueoldgico (Leles,
2010a). Essa diferenca pode ser explicada pelos fatores tafondmicos e ambientais
existentes nas regifes tropicais que nao favorecem a preservacado da estrutura dos
ovos (Leles et al., 2010b), entretanto esses fatores poderiam afetar os ovos dos dois
parasitos igualmente. Ou por alguma caracteristica inerente aos ovos, como por

exemplo, a diferenca na espessa casca dos ovos de Ascaris sp. e T. trichiura.

A presenca de ovos de Trichuris trichiura e Ascaris sp. em amostras de
sedimentos da regido sacral de individuos enterrados no sitio INSC confirmam os
resultados obtidos em um estudo anterior que demonstrou, através da abordagem
paleogenética, a presenca de aDNA desses parasitos em amostras da regido sacral
de individuos enterrados neste sitio arqueoldogico. O estudo de Leles (2010a)
demonstrou pela técnica da Hibridacdo de aDNA total uma frequéncia de infeccédo
de 83,3% e 50% para Ascaris sp. e T. trichiura, respectivamente; entretanto nao

encontra os ovos dos parasitos pela microscopia.
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Considerando a natureza das amostras de sedimentos sacrais do sitio CPXV,
que foram retirados dos forames do sacro de restos esqueletais submetidos a
curadoria museoldgica, pbéde-se observar um grande numero de individuos
infectados por parasitos intestinais. Este dado sugere ainda, que a prevaléncia
observada de 80% pode estar subestimada. Se tivéssemos tido acesso ao
sedimento sacral original da regido abdominal desses individuos, ou aos coprolitos,
coletados diretamente do enterramento no sitio arqueoldgico, provavelmente, a
prevaléncia, carga e/ou diversidade parasitaria seriam ainda maiores aos

observados.

Foi encontrado um ovo da familia Taeniidea, que atribuimos a um ovo de
Taenia sp., em um individuo proveniente do sitio CPXV. Este parasito nunca foi
encontrado em material fecal humano do Novo Mundo datado do periodo pré —
Colombiano (Goncalves et al., 2003), ja que a introducdo dos hospedeiros
intermediarios gado e suino, para T. saginata e T solium respectivamente, ocorreu
apés a viagem dos exploradores europeus as Américas. Estudos
paleoparasitolégicos tém demonstrado a presenca de ovos de taenideos em material
zooarqueologico da Argentina (Beltrame et al.,, 2010; 2011), atribuidos ao género

Echinococcus. Entretanto, taenideos humanos nunca foram encontrados.

Este trabalho descreve a utilizacdo de um painel molecular para o diagnéstico
das principais parasitoses intestinais humanas, que inclui a deteccdo de aDNA de
Ascaris sp., T. trichiura, S. stercoralis e E. vermicularis. Interessantemente, nés
observamos ovos de parasitos pela microscopia em amostras negativas para aDNA,
e vice — versa. A auséncia de correspondéncia observada entre as duas abordagens
pode ser explicada pelo fato de serem visualizados ovos quebrados ou deformados
através da microscopia, assim como nao € incomum nos deparamos com 0vVOS sem
conteado em seu interior. Entretanto, a deteccdo de aDNA deste tipo de amostra

com resultado paleoparasitolégio positivo fica prejudicada.

No presente trabalho, foi detectada a presenca de aDNA de E. vermicularis em
50% dos individuos do sitio CPXV, entretanto, ndo foram visualizados ovos deste
parasito através da microscopia. Este dado sugere que as condi¢cdes tafondmicas e
ambientais da cidade afetam mais os ovos de E. vermicularis do que de Ascaris sp.
e T. trichiura, possivelmente porgue apresentam membrana proteica mais resistente.

Além disso, considerando seu ciclo de vida, as fémeas gravidas de E. vermicularis
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ovipdem ou ficam ressecadas e rompem na regido perianal (Rey, 2008). Muitas
vezes, 0S 0vOos ndo sdo visualizados em exames parasitolégicos convencionais,
necessitando de testes, como o da fita gomada (técnica de Graham), para concluir o
diagnéstico. Mesmo utilizando técnicas de enriguecimento, o exame parasitologico
revela apenas 5 a 10% dos casos de parasitismo (Rey, 2008). A anélise molecular
pode auxiliar na diferenciagdo dos taxons ou confirmar o diagnéstico
paleoparasitolégico, até na auséncia de remanescentes estruturais Vvisiveis
(Cleeland et al., 2013). Estudos anteriores tém realizado o diagnostico molecular
mesmo sem a visualizacao prévia de formas parasitarias (Ifiguez et al., 2003; 2006;
Leles, 2010a). O estudo corrobora a importancia do uso de uma abordagem
combinada, a qual envolve técnicas paleoparasitoldgicas e paleoparasitologicas
moleculares, para confirmar e complementar o diagndstico dos parasitos intestinais

em populacdes do passado.

4.3 Ancestralidade Humana

O estudo dos marcadores genéticos, especialmente o mtDNA, tem permitido
reconstruir importantes eventos da histéria humana (Der Sarkissian et al., 2013). A
histéria genética das populacdes americanas é influenciada principalmente pelas
migracdes das populacdes nos ultimos séculos. A populacado brasileira, por exemplo,
€ uma das mais heterogéneas do mundo, produto da mistura entre trés grupos
ancestrais: nativos americanos, colonizadores europeus e escravos africanos (Alves-
Silva et al, 2000; Ascunce et al., 2013). Durante o periodo colonial brasileiro, o Rio
de Janeiro foi uma grande porta de entrada para o pais quando recebeu em seu
porto centenas de milhares de imigrantes. E estimado que aproximadamente
500.000 portugueses migraram para o Brasil apdos a vinda da familia real
portuguesa, em 1808 (Fragoso e Florentino, 2001), e ndo menos do que 10 milhdes
de africanos foram trazidos para as Ameéricas desde o século XV até o XIX (Fragoso
e Florentino, 2001; Hunemeier et al., 2007). ApdOs cinco séculos de mistura entre
nativos americanos, europeus, africanos e asiaticos, as atuais populacbes das

Ameéricas apresentam uma grande heterogeneidade genética (Ascunde et al., 2013).

As andlises de ancestralidade nos individuos enterrados no sitio INSC
demonstraram uma grande variedade de haplogrupos encontrados. Nos
enterramentos primarios foram recuperados exclusivamente haplogrupos europeus.
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Estes resultados estdo de acordo com evidéncias histéricas que demonstram que na
Europa, a partir do século IV, os reis passariam a ser enterrados nas igrejas
(Medeiros, 2012); e as pessoas de certa posi¢éo social, que pudessem arcar com as
despesas do sepultamento, também poderiam ter esse privilégio (Pereira, 2010). O
catolicismo se impds como uma religido inumista (Medeiros, 2012). No Brasil
colonial, ndo existiam cemitérios, os corpos das pessoas catolicas eram enterrados
dentro das igrejas. Considerando que a INSC foi capela real e catedral da cidade
apos a chegada da familia real portuguesa para o Brasil e era frequentada por
grupos mais abastados da sociedade, € esperado encontrar haplogrupos europeus
nos individuos analisados. Os haplogrupos encontrados no sitio INSC estdo de
acordo com estudos anteriores que demonstram a alta variabilidade de haplogrupos

europeus.

Os haplogrupos Amerindios (haplogrupo C) e Africano (haplogrupo L),
identificados em individuos provenientes de enterramentos secundarios do sitio
INSC podem ser explicados pelo fato desses corpos terem sido encontrados em
uma regido originalmente localizada fora da igreja original. A INSC sofreu diversas
reformas desde sua construcao original, inclusive foi parcialmente destruida durante
uma festa paroquial (Dias, 2008). E individuos que né&o tinham recursos para arcar
com o0s sepultamentos no interior das igrejas, eram enterrados na parte exterior
(Pereira, 2010).

O Brasil suportou uma das maiores didsporas humanas conhecidas (Mendoncga
de Souza et al., 2012). No contexto brasileiro, o Rio de Janeiro foi a grande capital
da empresa escravista (Mendonca de Souza et al., 2012), jA que seus portos
receberam cerca de 40% dos africanos vindos para o pais (Fragoso e Florentino,
2001). Evidéncias historicas revelam que 95% dos individuos enterrados no CPN
eram de origem africana (Pereira, 2007). Foram identificados diferentes haploétipos
africanos nos individuos enterrados neste sitio arqueolégico. Era esperado que um
cemitério conhecido por receber corpos de escravos africanos apresentasse

individuos com ancestralidade africana.

No sitio CPN foi possivel identificar o haplétipo em trés individuos (L1c2, L3d1
e L3e2). Os haplogrupos L3e e L3d sdo os mais frequentemente encontrados na
Africa Ocidental e Central (Salas et al., 2004). O haplogrupo L3d ocorre na atual
populacao brasileira afrodescendente com uma frequéncia de 10% (Alves-Silva et
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al., 2000). O haplodtipo L3d1l estad presente nos paises africanos Etiopia, Angola,
Senegal e Zambia e ja foi descrito na atual populacdo afrodescendente brasileira
(Alves-Silva et al., 2000; Salas et al., 2004); assim como o L3e2 (Alves-Silva et al.,
2000; Goncalves et al., 2008). O haplogrupo L1c é caracteristico da populacédo da
Africa Central (Harich et al., 2010). O hapl6tipo L1c2 nunca foi descrito na populacio
brasileira, e € restrito a populacdo de Angola (Plaza et al., 2004). Os resultados
estdo de acordo com estudos anteriores baseados na atual populacao brasileira na
qual demonstra que os haplogrupos L3e e L1lc sdo o segundo e terceiro mais
frequentes encontrados em afrodescendentes brasileiros, respectivamente
(Goncgalves et al., 2008). Esses haplogrupos juntos constituem 49% de toda a fracao
africana no Brasil, e € sugerido que eles podem ter uma origem na Africa Ocidental e
Central (Alves-Silva et al., 2000; Salas et al., 2004; Hunemeier et al., 2007).

As linhagens africanas podem ser atribuidas as viagens e diferentes origens
geograficas. Os haplotipos de mtDNA determinados neste estudo corroboram a
pesquisa histérica e estudos anteriores, que demostram que a principal fonte de
migrac&o africana para o Brasil se originou da Africa Central e Ocidental. As analises
do livro de registro de 6bitos da freguesia de Santa Rita revelam que quase 70% dos
individuos enterrados no CPN eram de paises da Africa Central e Ocidental,
incluindo: Cabinda, Angola, Benguela, Luanda e Moc¢ambique (Pereira, 2007).
Estudos anteriores analisando as modificagfes dentérias intencionais (Liryo et al,
2011), as concentracfes de estroncio em dentes (Bastos et al., 2010) e as praticas
de higiene dentarias (Cook et al., 2012) em individuos enterrados no CPN
confirmaram a origem africana dos individuos. As préaticas de modificacées dentais
intencionais, assim como as de higiene oral, estdo ambas relacionadas aos cuidados
com a saude (Cook et al., 2012). As analises sobre o padrao dessas modificacoes,
realizadas por Liryo e colaboradores (2011), revelaram 13 tipos de modificacbes
dentais para os individuos de dois cemitérios do Brasil, incluindo o CPN; e a forma e
acabamento esmerados das modificacdes sao caracteristicos africanos. Estes dados
confirmam a diversidade étnica dos escravos trazidos para o Brasil. Entretanto, a
tentativa de associar tipos de modificacdo dentaria com etnias especificas ndo foi

bem sucedida (Liryo et al., 2011).

No sitio CPXV foi identificada uma variedade de haplogrupos, incluindo
representantes dos trés grandes grupos de ancestralidade: nativos americanos,
europeus e africanos. Estes resultados sdo esperados e estdo de acordo com
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evidéncias historicas que sugerem que este cemitério era utilizado para enterrar
pessoas da populacdo geral da cidade, que morriam durante as grandes epidemias
que assolaram a cidade.
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5 CONCLUSOES

A tuberculose era amplamente distribuida na cidade do Rio de Janeiro
durante o periodo colonial.

Existiu uma forte contribuicdo de individuos de ancestralidade europeia
para a dispersdo ou pelo menos para a manutencdo da tuberculose na

cidade.

Escravos africanos chegaram a cidade do Rio de Janeiro infectados por

bactérias do MTC, logo a Africa ndo era “virgin soil” para a tuberculose.

A ancestralidade matrilinear africana foi geneticamente confirmada nos

individuos denominados “Pretos Novos” provenientes da Africa.

A infecgdo pelos parasitos Trichuris trichiura, Ascaris sp., Taenia sp. e
Enterobius vermicularis estava presente na populacdo do Rio de Janeiro

no periodo colonial brasileiro.

Possivelmente, as melhores condicbes de vida em que viviam a
populacdo enterrada no sitio INSC refletem a baixa prevaléncia de

infeccdo por parasitos intestinais comparada ao sitio CPXV.

Pela primeira vez € demonstrada a infeccdo por Enterobius vermicularis

em sitios arqueoldgicos do Brasil.

Pela primeira vez é demonstrada a infeccdo por Taenia sp. em sitios

arqueoldgicos do Brasil.

A hibridacdo de aDNA mostrou ser uma técnica util no diagndstico da
tuberculose e parasitoses intestinais em amostras arqueoldgicas com

baixa conservacao de material genético.

Foi possivel recuperar aDNA humano e de micobactérias de amostras

0sseas submetidas ao processo de cremacao.

A recuperacao de formas parasitarias e aDNA de parasitos intestinais foi
possivel mesmo apds a realizacdo de curadoria museoldgica em

remanescentes esqueletais.
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