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VIEWS AND REVIEWS

Paleoparasitology: the origin of human
parasites

Paleoparasitologia: a origem dos parasitas humanos
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ABSTRACT

Parasitism is composed by three subsystems: the parasite, the host, and the environment. There are no organisms that cannot be parasi-
tized. The relationship between a parasite and its host species most of the time do not result in damage or disease to the host. However, in a
parasitic disease the presence of a given parasite is always necessary, at least in a given moment of the infection. Some parasite species that
infect humans were inherited from pre-hominids, and were shared with other phylogenetically close host species, but other parasite species
were acquired from the environment as humans evolved. Human migration spread inherited parasites throughout the globe. To recover and
trace the origin and evolution of infectious diseases, paleoparasitology was created. Paleoparasitology is the study of parasites in ancient
material, which provided new information on the evolution, paleoepidemiology, ecology and phylogenetics of infectious diseases.

Keywords: paleoparasitology, paleocepidemiology, parasitism, human parasites, ancient infection diseases.

RESUMO

O parasitismo é composto por trés subsistemas: o parasito, o hospedeiro e meio ambiente. Nao existe organismo que nao possa ser parasi-
tado. A relacao entre um parasito e suas espécies de hospedeiro nao resulta, na maior parte das vezes, em dano ou doenca ao hospedeiro.
Entretanto, numa doenca parasitaria, a presenca de um determinado parasito & sempre necessaria, pelo menos em um determinado mo-
mento da infeccao. Algumas espécies de parasitos que infectam humanos foram herdados dos pré-hominideos, e foram compartilhados
com outras espécies de hospedeiro filogeneticamente proximas, mas outras espécies foram adquiridas pelo meio ambiente a medida que os
humanos se desenvolveram. As migracoes humanas espalharam os parasitos adquiridos por todo o mundo. Para recuperar e tracar a origem
e evolucao das doencas infecciosas foi criada a paleoparasitologia. Paleoparasitologia é o estudo dos parasitos em materiais antigos, que
trouxe novas informacoes na evolucao, paleoepidemiologia, ecologia e filogenética das doencas infecciosas.

Palavras-Chave: paleoparasitologia, paleoepidemiologia, parasitismo, parasitos humanos, doencas infecciosas antigas.

Parasites, parasitism, and infectious disease

There is a tenuous limit between health and disease.
Regarding infectious diseases, people may be infected by a
parasite throughout their life without any symptom. A slight
change in the relationship of the system host-parasite-envi-
ronment may change the balance, and so disease appears.

A parasite may be defined as an organism, or a gene-
tic sequence able to reproduce itself, that finds its ecologi-
cal niche in another organism, or in another genetic se-
quence'. Therefore, essentially parasitism is an ecological
phenomenon.

In some regions of the American continent there are
many people infected by Trypanosoma cruzi. However, in
most individuals the infection is called “indeterminate”, i.e.

without any symptoms. Individuals may live asymptoma-
tic throughout their lives, but others may suffer from severe
disease. The most known case was Berenice, a girl in which
Carlos Chagas discovered the parasite. She lived all her life in-
fected with the parasite showing no symptoms, dying of other
causes many years after the death of Carlos Chagas.
Parasitism is the phenomenon in which a complex sys-
tem composed by three subsystems are involved: the para-
site, the host, and the environment®. The system evolved to-
gether, but changes in any subsystem may cause disturbances
and the disease takes place. There are no organisms without
parasites. Parasitism is a phenomenon that appeared at the
same moment as life emerged on Earth. Since then, parasites
and hosts evolved and has provided to the biodiversity, as is

'Fundacao Oswaldo Cruz, Rio de Janeiro RJ, Brasil;

2School of Natural Resource Sciences, University of Nebraska, Lincoln, USA;

SInstituto de Medicina Tropical de Sao Paulo, Faculdade de Ciéncias Médicas da Santa Casa de Sao Paulo, Sao Paulo SP, Brasil.

Correspondence: E-mail: adauto@ensp.fiocruz.br

Funding: This study was supported by FAPERJ (Fundagao Carlos Chagas Filho de Apoio a Pesquisa do Estado do Rio de Janeiro), CNPq (Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico), and CAPES (Ciéncia sem Fronteiras).

722



presently known'. This is an association between organisms.
Therefore, parasitism as a phenomenon is part of nature and
must be studied as an aspect of ecology®.

Host-parasite relationships most of the time do not re-
sult in disease. The presence of a parasite in a given host does
not always result in damage for the individual. However, in
a parasitic disease the presence of a given parasite is always
necessary, at least in a given moment of the infection® Snakes
infected by Entamoeba invadens may exemplify this. This
amoeba species lives in the intestinal tract of snakes without
causing any damage. However, when changes in tempera-
ture are experimentally induced, the parasite invades tissues
causing lesions and sometimes the death of the host".

The three variables that compose infectious diseases, the
host, the parasite, and the environment are in a constant
state of flux®. They can change according to any variation in
the components. Therefore, new diseases appear, others are
altered, and some may disappear completely’. Human para-
sites and human infectious diseases follow these rules. The
first hominids in Africa were hosts for some species of para-
sites. Some of these parasites were inherited from pre-homi-
nids, and were shared with other phylogenetically close host
species. But other parasite species were acquired from the
environment as hominids evolved®. These two lines for the
origin of human parasites are called phylogenetic and eco-
logic lines, respectively’.

In such a peculiar host as humans, different opportunities
were offered to parasites. Humans have spread to every part
of the globe, carrying inherited, or heirloom parasites to dif-
ferent biomes occupied and transformed by them, whenever
environmental conditions allowed the life cycle of the para-
site’. On the other hand, new parasites were acquired in the
new territories due to the density growth of the population
and new technologies created by humans. As well as para-
sitic infections, infectious diseases have also been evolving
from the earliest days of human host-parasite relationships®.
Human migrations around the world, the emergence of ag-
riculture, the domestication of animals, and the increase in
populations together with urbanization, favored changes in
the pathoecology of infectious diseases®.

Cockburn® called attention to the steps of human biolo-
gical and social evolution, highlighting the role of demogra-
phy and the spread of disease. He observed the dependen-
ce of some parasites to the population size. For example,
measles virus is unable to be maintained in a population
less than 250,000 people. After his studies, important aspects
concerning vaccine strategies were developed to present day
populations.

Barret and colleagues proposed three main epidemio-
logical transitions during human history®. The first was the
transition from Paleolithic hunter-gathering subsistence to
Neolithic, with agriculture and animal domestication and
sedentary habits dominating the scenario, thus facilitating

parasite transmission. Next, industrial revolution modified
relationships, and chronic diseases began to substitute infec-
tious diseases.

Among small groups of hunter-gatherers in the African
savannah, only some species of parasites were able to infect
these hosts living in a nomadic way, without establishing
themselves in a permanent area. Two species of parasites
can be used as examples: the nematode Enterobius vermicu-
laris and the head lice Pediculus humanus. Close related spe-
cies of these parasites are found in close related hosts to hu-
mans, such as chimpanzee and gorilla, indicating that they
have shared a common host ancestor. This is the aphorism
that Cockburn® called attention to: “like hosts have like para-
sites”. Hermann von lhering created in 1891 this concept
while comparing hosts and parasites of New Zealand and
South America to establish ancient relations between them.
He stated that when a species diverges into separate groups
that eventually become species themselves, the parasites
from the original ancestor are passed to all its descendants®.

Enterobius vermicularis and Pediculus humanus can be
transmitted directly from one individual to another, with no
need of a stage in the soil. Therefore, they are not influenced
by environmental changes. These parasites are found in ei-
ther small or large groups of people, inhabiting from very cold
regions or tropical warm climates. They are called heirloom
parasites and have accompanied humans to all the conti-
nents they have conquered and were established.

Other parasites were also originated in African human
ancestors of Homo sapiens, evolving together and following
human prehistoric migrations to other parts of all the con-
tinents. Some of these parasites need special environmental
conditions to complete their life cycles. For example, hook-
worms and Trichuris trichiura are two intestinal parasites
that probably originated in African human ancestors. They
are transmitted from one host to another after maturating
on the soil under limited climate conditions. Eggs or larvae
passing with host faeces need pH, humidity and a tempera-
ture close to 22°C in the soil to reach infective stage and infect
another individual. Therefore, these are examples of parasites
that have accompanied ancient human migrations from
Africa to Europe and Asia, but whenever environmental con-
ditions have hampered the parasite life cycle, the transmis-
sion was ceased. Some parasites, therefore, are considered as
probes to trace human prehistoric migrations’.

Paleoparasitology and the evolution of
human parasites

To recover and trace the origin and evolution of para-
sitic diseases a new field of research was created, called pa-
leoparasitology. Paleoparasitology is the study of parasites
in ancient material®>. Through the analysis of archaeological
and paleontological remains, parasites may be found and
identified, mostly at species level. Therefore, it is possible to
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determine infections in space and time, and follow human
migrations by the finding of parasites in the archaeological
sites that humans occupied in the past.

The analysis of coprolites, or preserved faeces found in
archaeological sites or recovered from inside human mum-
mified bodies, is the main source for intestinal helminths.
Combining food remains with paleoparasitology analysis
also contributes to better understand life in the past™. It is
possible to recover ancient diet associated with parasite in-
fection or vice-versa. For example, the finding of eggs of a
parasite of lizards in human faeces indicated that humans
used these animals 10,000 years ago as protein source in the
Brazilian northeast'.

The record of human tapeworm eggs in coprolites is very
scarce'. Bruschi and colleagues found a cysticercosis case in
an Egyptian mummy dated to the Ptolemaic period (200 to
100 years B.C.)"* and Bruschi speculates about the possible
neurocysticercosis in Julius Caesar (100 to 44 B.C.) to explain
his epilepsy episodes'. Other findings in ancient Egypt dated
of the Christian period, but it was impossible to determine
the species of tapeworm only by the eggs found associated
with skeletons. Phylogenetic analysis showed that human
parasitism by Taenia solium and Taenia saginata predates
the domestication of pigs and cattle'. But still there are new
perspectives to clarify human relationships with the tape-
worm species of cattle or pig.

Ascaris lumbricoides is another intestinal parasite of hu-
mans that has along history of association. Roundworm eggs
were found in organic remains dated of 30,000 years before
present (BP)', but it was impossible to assert whether of hu-
man or other animal origin. There was a debate about round-
worm origin, if the human species, Ascaris lumbricoides,
originated from the parasite of pigs, Ascaris suum, or vice-
versa. This should have occurred at 10,000 years ago, after pig
domestication.

The techniques of molecular biology were able to evi-
dence that Ascaris lumbricoides infection was common-
ly found in prehistoric groups, both in North America as in
South America, despite the rare findings by microscopy in
coprolites collected from New World archaeological sites'.
Due to the fact that New world wild pigs are not phylogenetic
close related to Sus scrofa, and are not parasitized by round-
worms, prehistoric human migrants should have brought the
parasite from the Old World to the American continent.

When comparing morphologic and genetic characteris-
tics of both species of roundworm, there are few differences
between them. This was based on haplotypes that are sup-
posedly found in ascarids of humans and others in pigs. Ho-
wever, these same haplotypes were identified indistinctly in
humans and pigs'®. Therefore, Leles and colleagues proposed
that Ascaris lumbricoides is the oldest species that was
transferred to pigs after domestication'. They conclude that
there is a single parasite species of humans and pigs.
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Intestinal helminths and the contrast between the
old world and new world

Most of the nematodes that infect the human intestinal
tract and were inherited from human ancestors were found
in prehistoric populations of the Americas. The first migrants
that came to the continent introduced them’. However, there
are two points to consider: first, not all intestinal helminths
were introduced by the same prehistoric route; second, the
condition of transmission that these helminths found in the
Americas were completely different to those prevalent in
Europe®.

Although Enterobius vermicularis has no environmental
restrictions to hamper transmission from one host to ano-
ther, other intestinal helminths, as commented above, could
not survive in the cold conditions of the Siberian-Arctic re-
gions while prehistoric migrants crossed the Bering land
bridge’. Hookworms, Trichuris trichiura and Ascaris lumbri-
coides, found in archaeological sites both in North America
and South America, dated as old as 9,000 years ago™'**. The
parasites were introduced by alternative routes, such as
transpacific or coastal navigation’.

Paleoparasitological data showed that they were preva-
lent among prehistoric populations in the Americas. However,
the eggs found in the coprolites were always low numbered,
indicating low prevalence". This is not surprisingly, as most
of prehistoric populations in the Americas were nomad and
had hunter gathering subsistence for living. However, when
Europeans arrived, they established new conditions as colo-
nizers, building villages, slaving Native Americans and later
bringing Africans, changing drastically the way of life in the
Americas.

It is interesting to compare paleoparasitological data
in Mediaeval Europe and prehistoric times in the Ame-
ricas, before and after Europeans arrived in the New
World. While latrines and mummies in Europe are found
full of intestinal worms?, in the Americas the frame was
different: intestinal helminth eggs are very rare in the sam-
ples examined'?, although positive for the same helminths.
This should be consequence of differences in the demo-
graphic density of both populations, but also as resulting
from different occupational patterns of the space. When
the first villages were established environment changed as
well as the way of life for many people. There was an explo-
sion of soil-transmitted helminths (geohelminths) caused
by very poor sanitation conditions and the growing of
population®.

The study of diseases in ancient populations changed
completely a series of misunderstandings about the pre-
sence or absence of infectious diseases in prehistory of the
Americas. For example, tuberculosis was evidenced in prehis-
torical groups in North and South America®, as well as syphi-
lis was diagnosed by lesions in skeletons and by recovering
ancient DNA of the treponema®. All the intestinal helminth



infections, once considered to have been introduced by
African slaves, already existed in prehistoric populations'.

Paleoparasitology changed the common knowledge ba-
sed on reports and interpretations of 19" century studious.
Paleoepidemiology began to be understood based on solid
data by the finding of lesions in skeletons and mummies by
the parasites found in archaeological material, and by the re-
cover of parasite ancient DNA".

The example of an old disease in the Americas

Chagas disease is an example of how paleoparasitology
is able to change paradigms. Trypanosoma cruzi infection
in humans was believed to have its origin after Andean pre-
historic groups in the Bolivian highlands adopted sedentary
habits. This was coincident with the domestication of small
rodents (guinea pigs, Cavia porcella) raised inside the dwel-
lings, which attracted blood-sucking insects of the subfami-
ly Triatominae, especially of the species Triatoma infestans
(family Reduviidae, order Hemiptera). These are vectors of
Trypanosoma cruzi, and adopted human dwellings to live.
Therefore, Chagas disease was supposed to spread among
Andean populations near 6,000 years ago and the infection
was only disseminated to other parts of South America after
Portuguese colonizers introduced mud and daub dwellings,
to which Triatoma infestans adapted™.

Paleoparasitology data changed completely the histo-
ry about the origin of Chagas disease. Aufderheide and col-
leagues found positive samples by recovering ancient DNA
of Trypanosoma cruzi from Chilean skeletons and mummies
dated of more than 9,000 years ago®, long before domestica-
tion of guinea pigs. Reinhard and colleagues described a typi-
cal case of Chagas disease megacolon in a mummified body

dated of 1,200 years in North America®. Fernandes and col-
leagues did the same in a partially mummified body in Minas
Gerais, Central Brazil”, including PCR positive analysis. Lima
and colleagues found a positive sample by PCR analysis da-
ted of 7,000 years ago also in Minas Gerais, Central Brazil®.
Therefore, Chagas disease was infecting and causing disease
in humans long before the domestication of animals, and
probably is as old as the presence of humans in any part of
the Americas where vectors and wild animal reservoirs were
present®.

Current research in a multidisciplinary team

A current research is being developed by a multidisci-
plinary team in Europe and the Americas about the origin
and evolution of Leishmania sp. infection®, and Arriaza and
colleagues are investigating Pediculus humanus infestation
in ancient populations in the coast of Chile®. Although it is
in its beginning, another research line is the study of para-
sites found in extinct hosts. This may open phylogenetic ap-
proaches from the fossil record to current days. Finding of
helminth eggs in dinosaur and related species coprolites be-
gan to call attention of paleoparasitologists opening an inter-
esting line of studying the origin and evolution of infectious
diseases®.

All these studies would be impossible to be developed in
a single laboratory. Therefore, paleoparasitology is essentially
a multidisciplinary research, stimulating international coo-
peration for testing hypothesis and redoing tests until trust-
ful results were obtained. Not only paleoparasitologists and
archaeologists are involved, but also many other specialists
contribute to the understanding of the origin and evolution
of infectious diseases.
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