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ABSTRACT

Paleoparasitology is an interdisciplinary science that studies the parasitic infections in the past, using fossils and subfossils recovered from
archeological and paleontological lithostratigraphic units. During the 20th and 21st centuries, it has improved the biological knowledge on
helminths and protozoans, as well as provided numerous sociocultural insights into the past civilizations. Here, we present an updated review of
the paleoparasitological contributions to the analyses of ancient infections in vertebrate remains recovered from different regions of Brazil. Since
its emergence, the Paleoparasitology has been important to a multidisciplinary knowledge related to sociocultural aspects of the American Pre-
Columbian civilizations and may provide an important ecological, evolutionary, and biogeographical understanding of parasites of vertebrates
other than humans throughout the geological time. The present data compilation suggests a prominent role in the scientific community assumed
by paleoparasitological approaches, since they have been contributing to a better understanding of helminth and protozoan distribution in South
America, during the Phanerozoic eon and consolidating the Paleoparasitology as a global science.

Keywords: Coprolite, mummy, helminth, protozoa.

RESUMO

Contribuigoes paleoparasitologicas para o estudo de infecgdes pretéritas de hominideos e outros vertebrados no Brasil: uma revisao. A
Paleoparasitologia é uma ciéncia interdisciplinar que estuda as infecgbes parasitdrias do passado, utilizando f6sseis e subfosseis recuperados de
unidades litoestratigraficas arqueoldgicas e paleontoldgicas. Durante os séculos XX e XXI, a drea supracitada nao s6 aprimorou o conhecimento
biolégico sobre helmintos e protozodrios, como também forneceu numerosas informagoes socioculturais sobre as civilizagoes antigas. Apresentamos
aqui uma revisdo atualizada das contribui¢des paleoparasitoldgicas para a andlise de infec¢des antigas em fOsseis e subfdsseis de vertebrados
recuperados de diferentes regides do Brasil. Desde o seu surgimento, a Paleoparasitologia tem sido importante para a construgao do conhecimento
multidisciplinar relacionado aos povos pré-colombianos, fornecendo também uma importante compreenséo ecoldgica, evolutiva e biogeografica
de parasitos de outros vertebrados nao humanos ao longo do tempo geoldgico. A presente compilagio de dados sugere um papel de destaque na
comunidade cientifica assumido pelos esforgos paleoparasitoldgicos, uma vez que eles contribuiram para uma melhor compreensio da distribuicio
de helmintos e protozodrios na América do Sul, durante o éon Fanerozoico e consolidaram a Paleoparasitologia como uma ciéncia global.

Palavras-chave: Coprolito, mimia, helminto, protozodrio.

INTRODUCTION

The first report of Schistosoma haematobium eggs in the kidney tissues of Egyptian mummies from the 20th
dynasty (1250 to 1100 BC), by Sir Marc Armand Ruffer in the first half of the 20th century, represented the genesis of
Paleoparasitology, and also triggered the emergence of new perspectives for studies pertaining to helminths and protozoans
all over the world (Ruffer, 1910). The identification of parasites in fossils and subfossils recovered from paleontological
and archaeological sites during the last decades has improved the evolutionary and biogeographical understanding of
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these organisms in a broader time scale, making it possible to study the spread of host populations over the Phanerozoic
eon (Reinhard et al., 1987; Gongalves et al., 2002a).

Reports of parasites in Amerindian ancient remains from the South and North Americas has been clarifying the
archeological comprehension of the first migratory routes of humans to the New World, as well as providing important
information on the development of their economic, political, cultural, and social history (Darling 1920; Soper, 1927;
Ferreira et al., 1983; Reinhard et al., 1987; Reinhard, 1988; Faulkner et al., 1989; Faulkner, 1991; Santoro et al., 2003;
Souza et al., 2018; Montenegro et al., 2006). Paleoparasitological studies on hookworms have contributed to the refutation
of the “Clovis first and only” hypothesis' (Darling 1920; Soper, 1927; Ferreira et al., 1983; Montenegro et al., 2006).

Furthermore, through the identification of parasites in trace fossils from american archaeological sites marked by
social, cultural, political and commercial reorganizations, it is possible to observe the increase of parasitic infections in
this continent due to the emergence of the agriculture, the sedentarization and the birth of great civilizations and large
cities with poor sanitary conditions (Reinhard et al., 1987; Reinhard, 1988; Faulkner et al., 1989; Faulkner, 1991; Santoro
et al., 2003; Souza et al., 2018).

In this sense, the Paleoparasitology has expanded the biological knowledge about the parasitic infections and provided
sociocultural insights into the past civilizations, since helminths and protozoans can be used as biological indicators of
behavioral, socioeconomic and environmental conditions in the present (Flammer & Smith, 2020).

Although the first paleoparasitological studies were focused on the description of infections in ancient humans
(Ruffer, 1910; Szidat, 1944), efforts to identify helminths and protozoans in other vertebrate remains throughout the
Phanerozoic eon have been noted in the literature. Reports of parasites in fossils and subfossils are uneven, and records
from the Cenozoic are by far the most numerous (Aratjo et al., 1981; Ferreira et al., 1989b, 1991, 1992, 1993; Schmidt
et al, 1992; Noronha et al.,, 1994; Jouy-Avantin et al, 1999; Verde & Ubilla, 2002; Sardella & Fugassa, 2009; Beltrame et
al,2011,2012,2013,2015a,b,2017,2018, 2020, 2022; Fugassa et al., 2013, 2022; McConnell & Zavada, 2013; Wood
et al, 2013, 2019; Taglioretti et al,, 2015; Sianto et al,, 2016; Nunes et al., 2017; Perri et al,, 2017; Dentzien-Dias et al,,
2018; Leles et al., 2018; Tietze et al., 2019, 2020; Souza et al., 2020; Agustin et al., 2021; Cardia et al,, 2021; Oyarzin-
Ruiz et al,, 2021; Petrigh et al,, 2021; Sivkova & Kosintsev, 2021; Carmo et al., 2023; Ramirez et al., 2023). Nevertheless,
paleoparasitologists have expanded the studies to animal remains dated from the Paleozoic (Dentzien-Dias et al,, 2013)
and Mesozoic Eras (Poinar & Boucot, 2006; Hugot et al., 2014; Silva et al,, 2014; Brachaniec et al,, 2015; Tweet et al,,
2016; Francischini et al., 2017; Cardia et al., 2018, 2019a, b; Pedro et al., 2020; Aureliano et al,, 2021).

In Brazil, the first paleoparasitological studies were conducted during the 1970s, by Dr. Luiz Fernando Rocha Ferreira
da Silva and Dr. Adauto José Gongalves de Aratjo, from the Instituto Oswaldo Cruz (FIOCRUZ) (Novo & Ferreira,
2016). The identification of parasites in fossils and subfossils of fish, reptiles, birds, and mammals, including humans,
from Brazilian lithostratigraphic units, have been presented for the States of Rio Grande do Sul and Santa Catarina (South
Region), Sao Paulo, Minas Gerais and Rio de Janeiro (Southeast Region), Cear4, Piaui and Pernambuco (Northeast
Region), and Mato Grosso (Central-West Region) (Figure 1) (Ferreira et al., 1979, 1980, 1983, 1987, 1989a, b, 1991,
1992, Aratjo et al., 1981, 1984, 1989; Confalonieri et al., 1981; Noronha et al., 1994; Gongalves et al., 2003; Sianto et
al., 2005, 2012, 2014, 2016; Fernandes et al., 2008; Leles et al., 2008, 2018; Lima et al., 2008; Camacho et al., 2013;
Dentzien-Dias et al., 2013; Jaeger et al., 2013a, b; Hugot et al., 2014; Silva et al., 2014; Novo et al., 2015; Francischini
et al., 2017; Cardia et al., 2018, 2019a, b, 2021; Guedes et al., 2020; Souza et al. 2020; Aureliano et al., 2021; Iniguez et
al., 2022; Carmo et al., 2023 ). Therefore, the present review aimed to access and compile all the scientific publications
reporting endoparasites in ancient remains collected in different paleontological and archaeological sites from Brazil,
published during the 20th and 21st centuries.

The survey was carried out from 2020 to 2023, using the combination of the following descriptors “pre-columbian’,
“paleoparasitology”, “coprolite”, “archaeology”, “archeology”, “archaeoparasitology”, “archeoparasitology”, “mummy”,
“parasite” and “Brazil”, with the logical operators “AND” and “OR’, in five databases: Science Direct, Web of Science,
Scopus, Scientific Electronic Library (Scielo) and Google Scholar. After the analysis of the “Abstract”, the articles were

! According to this theory, all inhabitants of pre-Columbian America, except those from the northern part of the continent, would have descended
from one or more groups of hunters from the Clovis Culture, whom migrated across the Beringian land bridge during the last ice age (Montenegro
et al., 2006). More recent archaeological evidences from Mexico, reveal that the dispersal of humans to the New World may have happened more
than 30,000 years ago (Ardelean et al., 2020).
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Paleoparasitological contributions

Figure 1. Brazilian states in which endoparasites were reported in fossils and subfossils during the 20" and 21* centuries. Different colors correspond to the five
Brazilian regions.

Figura 1. Estados brasileiros nos quais foram registrados endoparasitos em fésseis e subfosseis durante os séculos XX e XXI. As diferentes cores correspondem as
cinco regides brasileiras.

selected according to their relevance and their consonance with the present theme. Some paleoparasitological references
that are notincluded in the previously mentioned databases, but cited in the present articles and considered important for
the present approach, were obtained representing non-probabilistic sampling methodology (Zar, 2010). Forty scientific
papers were gathered from the databases and a single scientific conference abstract was selected, due to its importance.
We also provide new Protozoa records unpublished yet. Detailed information on parasite, host, time period or age,
locality and reference are given in Table 1.
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Paleoparasitological contributions

SOUTHEAST

The Southeast Region has a relevant number of paleoparasitological studies. Parasites of the phyla Nematoda and
Acanthocephala have been reported in Holocene coprolites and consumulites from the archaeological site Gruta do
Gentio, municipality of Unai, State of Minas Gerais (Ferreira ef al., 1979, 1980, 1983; Aratjo et al., 1981; Gongalves et
al., 2003; Leles et al., 2008). It is worth noting that Ferreira et al. (1979), studying helminths in coprolites from Gruta
Gentio, introduced the term “Paleoparasitology”

Despite the adverse conditions for mummification in Brazil (Ferreira ef al., 1983), in the State of Minas Gerais,
nematodes and protozoans were identified in mummies dated from the colonial period and collected in Itacambira
(Confalonieri et al., 1981; Aratjo et al., 1984; Novo et al., 2015), as well as infections by digenetic, nematode and
trypanosomatid in mummies from the Vale do Peruacu (Sianto et al., 200S; Fernandes et al., 2008; Lima et al., 2008).
Aratjo et al. (1981) reported nematodes from coprolites of lizards collected in Grande Abrigo de Santana do Riacho,
municipality of Santana do Riacho. Other studies carried out in the State of Minas Gerais recorded acanthocephalans
in archaeological material from Boqueirao Soberbo, municipality of Varzelandia, and nematodes from Lapa Pequena
(Ferreira et al., 1989b; Gongalves et al., 2003).

Regarding the State of Sao Paulo, paleoparasitological studies have been carried out in the Adamantina Formation
(Bauru Basin), where hemoparasites were reported in vascular regions of the bone tissues from a titanosaur fibula
(Aureliano et al., 2020), and nematodes and acanthocephalans observed in coprolites of Crocodyliformes (Cardia et al.,
2018,2019a,2019b), all from the Cretaceous. Protozoans and nematodes were also found in coprolites of birds from the
Tremembé Formation, which represents the Oligocene of the Taubaté Basin, in the Paraiba Valley (Carmo et al., 2023).

Several parasites in human subfossils have been reported in the State of Rio de Janeiro. Sacral and pelvic sediments
of bodies from the Cemitério Pretos Novos (1769-1830), which was built to bury enslaved Africans who died upon
arrival at Rio de Janeiro municipality, or before being sold in slave market, were analyzed by Guedes et al. (2020). These
authors detected a helminthic infection by Nematoda that was acquired in Africa. The bodies of slaves were accumulated
for days, being dismembered, placed in mass graves and even cremated, presenting a high level of degradation (Guedes
et al., 2020). These results indicate great potential for detection of parasitic infections in archaeological sites, despite
high level of sample degradation. In this same municipality (Rio de Janeiro), pelvic sediments were also extracted from
bodies collected in the archaeological site of Igreja de Nossa Senhora do Carmo, being positive for nematodes (Jaeger
et al., 2013a). The paleoparasitological studies in Rio de Janeiro also include records of eggs of Cestoda and Nematoda,
as well as Archamoebea cysts found in human sacral sediments, collected in the archaeological site of Cemitério Praca
XV (Jaeger et al., 2013b). Finally, the study of sediments from the Sambaqui de Guapi, municipality of Guapimirim,
revealed the presence of eggs of Nematoda and Acanthocephala (Camacho et al., 2013).

In an attempt to detect Giardia duodenalis in ancient human remains from Gruta do Gentio (Minas Gerais), Gongalves
et al. (2002b) analyzed the material that was previously studied by Ferreira et al. (1980, 1983, 1987), but found no trace
of this protozoan parasite.

NORTHEAST

Awide diversity of endoparasitic infections have been recorded in the Brazilian Northeast region. In the archaeological
site of Furna do Estrago, municipality of Brejo da Madre de Deus, State of Pernambuco, nematode and trematode eggs have
been reported in human and feline coprolites, respectively (Ferreira et al., 1989a; Sianto et al., 2012,2016). Interestingly,
Sianto ef al. (2012) collected eggs from human coprolites that, according to the authors, resemble those of nematodes
parasitic in reptiles. The study was conducted in the archaeological site of Furna do Estrago (State of Pernambuco)
and Sdo Raimundo do Nonato (State of Piauf) and, also according to these researchers, may be an indicative of reptile
consumption by ancient humans in the region, a habit that persists in Northeast Brazil until the present.

In addition, there are several reports of parasitic infections in mammals caused by Nematoda, Cestoda, Acanthocephala,
Archamoebea and Coccidiomorphea from the Pleistocene to the Holocene, in the State of Piaui (Ferreira ef al., 1987,
1989b, 1991, 1992; Aratjo et al., 1989; Noronha et al., 1994; Gongalves et al., 2003; Leles et al., 2008; Souza et al., 2012;
Sianto et al., 2012,2014). Lino et al. (2018) also reported a nematode taxon in a coprolite from the Coribe municipality,
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Bahia State. Other paleoparasitological records from Northeastern Brazil include protozoa found in coprolites of
representatives of the families Camelidae and Nothrotheriidae (Leles ef al., 2018; Lino et al., 2018).

It should be noted that, in the same previously mentioned study by Gongalves et al. (2002b), samples from Boqueirao
do Sitio da Pedra Furada (State of Piauf) were also analyzed for G. duodenalis without positive results.

SOUTH

Paleoparasitological studies in the State of Rio Grande do Sul report several parasite infections during ancient times.
Cestodes were recorded in Elasmobranchii coprolites dating from the Permian (Paleozoic Era), collected in Rio do
Rasto Formation (Dentzien-dias et al., 2013). Nematodes were observed in coprolites of cynodonts and other terrestrial
tetrapods from the Triassic (Mesozoic Era), collected in Santa Maria Formation (Hugot et al., 2014; Silva et al., 2014;
Francischini ef al., 2017). Coccidia and Nematodes infecting carnivores from the Quaternary period (Cenozoic Era)
were also reported (Cardia et al., 2021). Regarding human remains, studies on pelvic and sacral sediments exhumed from
the Sambaqui Jabuticabeira II, municipality of Jaguaruna, State of Santa Catarina, revealed the presence of Nematoda
parasitic forms (Ifiguez et al., 2022).

CENTRAL-WEST

The only paleoparasitological approach in Central-West Brazil was performed in the State of Mato Grosso. Cestodes
and nematodes were observed in human subfossils from Santa Elina (Gongalves et al., 2003).

DISCUSSION

The parasitological studies from the current time are crucial for the development of public policies regarding
prophylaxis and control of parasitic infections, especially in underdeveloped endemic areas (Holland ef al., 2022).
Similarly, reports of helminth and protozoan in ancient human remains make it possible to better understand how the
socioeconomic and sociopolitical traces have evolved or persisted until the present (Reinhard ef al., 1987; Reinhard,
1988; Faulkner et al., 1989; Faulkner, 1991; Santoro et al., 2003; Souza et al., 2018). Therefore, since its emergence in
the 20th century, the Paleoparasitology has been important to a multidisciplinary knowledge pertaining to sociocultural
aspects, related to the American Pre-Columbian civilizations, associating parasitology, archeology and anthropology.

The preservation of parasites in paleontological material is rare (Dentzien-Dias et al,, 2013), which may explain the
greater number of records dating from the Holocene in comparison to other geological time intervals (Figs. 2 and 3). In
relation to fossils and subfossils of vertebrates other than humans, the identification of protozoans and helminths in such
materials may provide an important ecological, evolutionary, and biogeographical understanding of parasites throughout
the geological time (Reinhard et al., 1987; Gongalves et al., 2002a).

The southeast region has the greatest number of paleoparasitological records due to the efforts carried out with a
large amount of ancient material, collected in the State of Minas Gerais. Helminth eggs, especially those of Nematoda,
have been the most common parasitic forms described in fossils and subfossils, since they are resistance stages for
environmental variables (Gongalves ef al., 2003; Flammer & Smith, 2020). In some cases, genera and even new species
are identified based on this material. It is worth noting that the taxonomic identification of this isolated material, without
the presence of adult parasites, may be fragile, since eggs keep ancestral ontogenetic characteristics and show rather
homogeneous morphology, which almost always prevents the specific identification (Gongalves et al., 2003; Loreille
& Bouchet, 2003; Flammer & Smith, 2020). Furthermore, some morphological features used for diagnosing certain
taxa are problematic, complicating the establishment of boundaries between genera, for example (Pereira et al., 2018).
Morphometric aspects of the eggs can also vary according to the parasite load and its ecological strategy (Goater et al.,
2014). Therefore, researches should be more conservative when dealing with the taxonomic identification of ancient
immature forms of parasites, especially in cases when genetic material is not available for use.
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Figure 2. Parasite taxa reported throughout the Phanerozoic Eon. Modified from Cohen et al. (2023).
Figura 2. Grupos taxondmicos de parasitos registrados ao longo do Eon Fanerozoico. Modificado de Cohen et al. (2023).

Paleontologia em Destaque — , V. 38,n.79, p. 46-61, 2023



Carmo et al.

Figure 3. Percentage of publications per time intervals.
Figura 3. Porcentagem de publicagdes por intervalos de tempo.

CONCLUSION

Studies on fossils and subfossils collected in Brazil play an important role in the scientific community, since they
improve the current knowledge about parasite distribution in South America during the Phanerozoic eon and have been
consolidating Paleoparasitology as a global science during the last two centuries. It is noteworthy that the lack of studies
in certain states, lithostratigraphic units or geological time intervals does not necessarily reflect the absence of samples,
but issues related to low paleoparasitological researcher efforts. Furthermore, the present study was specifically focused
on the analysis of 40 published and peer-reviewed scientific articles and a single conference abstract. There is still a
huge number of master’s dissertations, doctoral theses and other conference abstracts describing results that have not
been formally published and, therefore, were not considered here as object of our study. This leads to a subnotification
of occurrences and may indicates that the record is even wider than that reported here. It is crucial to highlight the
importance of Paleoparasitology both inside and outside academic means, taking advantage of scientific papers and
of teaching actions directed to the general public. Such actions will help disseminating the growing prominence of
Paleoparasitology, turning it less hermetic and attracting new researchers to the study of previously unexplored parasites
in national unearthed fossils and subfossils.
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