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Parasites can be a powerful tool for
reconstructing host evolutionary history because
they provide data that are independent of host data.
The close link between the taxonomy of parasites
and their host (Hafner & Nadler 1988) has
supported the hypothesis that the corresponding
phylogenetic trees should be topologically identical.
In accordance with these observations, several
studies have tried to trace the history of human
populations using parasites as genetic markers. The
main benefit of using microbes as proxies for
human variability is that they show more genetic
variation with respect to human genes. This means
that the microorganisms, with their rapid
generation time, can accurately reconstruct past
events, like those involved with ancient or more
recent human migrations.

However, the hypothesis that infectious agents
can reflect human history does require a careful
examination of their biological features, such as the
mechanism of transmission, the pathogenous

power, the rate of variation, and the intensity and
form of selection. The geographical origin and the
time of emergence of a human parasite is a further
significant feature. In fact,  reliable inferences
regarding ancient human migrations should be
provided by parasites that infected humans in
Africa since prehistoric times. 

The purpose of the present paper is to review
critically the studies on human history that are
focused on genetic analyses of a number of parasites
(protozoan and metazoan parasites, bacteria and
viruses).

An overview of human pathogens

Protozoan parasites 
Plasmodium falciparum is a major human

pathogen associated with 200-300 million clinical
cases of malaria and 1-3 million deaths each year
worldwide. It is a hermaphroditic protozoan, with
haploid asexual replication in the human host and
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a brief diploid sexual phase in the mosquito vector.
Haploid parasites divide mitotically in the human
host, and some cells differentiate into male and
female stages. Male and female gametes fuse in the
mosquito host (Anopheles gambiae) to form a short-
lived diploid zygote. Meiotic division then gives rise
to haploid cells that develop into infective
sporozoites, which migrate to the mosquito salivar
glands and infect humans during mosquito blood-
feeding.

The closest relative of P. falciparum is the
chimpanzee parasite P. reichenowi. Sequence
analysis at two gene loci (the small subunit rRNA
and the circumsporozoite protein genes) has
demonstrated that these two species diverged from
each other around 8-12 million years ago, which is
roughly consistent with the time of divergence
between the two host species, human and
chimpanzee (Escalante & Ayala 1994; Escalante et
al., 1995). This finding suggests that P. falciparum
is an ancient parasite, associated with our ancestors
since the divergence of the hominids from the great
apes.

A study of the microsatellite haplotypes has
documented a strong geographical population
structure of P. falciparum, with the highest level of
variation occurring in Africa (Anderson et al.,
2000). The hypothesis of an African origin of the
parasite is also supported by a genetic analysis of
100 worldwide mitochondrial DNA sequences (Joy
et al., 2003). Analysis of non-coding and
synonymous sites provides an estimate of the time
to the most recent common ancestor (TMRCA) of
all extant parasite population comprised between
70,000 and 90,000 years ago. A sudden increase in
the African population of P. falciparum, dating
10,000 years ago, has also been inferred. This latter
date is concurrent with the emergence of slash-and-
burn agriculture in the African rainforest, which
could have provided suitable expansion conditions
for the mosquito vectors of P. falciparum and
adequate human population size to maintain
transmission (Joy et al., 2003).

A different estimate of the TMRCA of P.
falciparum is provided by other studies (Rich et al.,
1998; Volkman et al., 2001). The virtual absence of
synonymous substitutions in some protein-coding
genes, combined with the lack of Small Nuclear
Polymorphisms (SNPs) in housekeeping-gene
introns, is indicative of a recent expansion from a

single progenitor comprised between 6,000 and
8,000 years ago. The most probable reason for the
observed monomorphism is a recent bottleneck in
the P. falciparum population, followed by a rapid
expansion from its African tropical origins to the
tropical and subtropical regions of the world (Rich
et al., 1998).

It is obvious that further research, mainly
focused on a genome-wide examination of SNPs,
could explain these conflicting results. However,
both views - the recent common ancestor
hypothesis and the ancient common ancestor
hypothesis (Fig. 1) - support the notion that
endemic malaria arose some 5,000 - 10,000 years
ago in Africa, favored by the environmental changes
brought by agriculture. Consistent with this view, is
the time of origin (3,000 - 10,000 years) of two
malaria-resistant alleles of the gene for glucose-6-
phosphate dehydrogenase in human red blood cells
(Tishkoff et al., 2001). Likewise, the malaria-
protective human alleles that cause sickle cell
disease and alpha-thalassaemia also appear to have
origins within this timeframe (Currat et al., 2002).

The link between human populations and P.
falciparum can be summarized as follows. The
parasite was imported into the Mediterranean
region during the first migration of modern
humans out of Africa. However, it is difficult to
think how P. falciparum, with its high pathogenicity
and short-term survival in the host, could have
survived in small, dispersed groups of hunters and
gatherers. The parasite probably attained its full
means of expansion with the Neolithic revolution,
8,000 to 10,000 BC. Sedentary life, the formation
of the first villages and small towns, clearing and
irrigating crops, and the increase in human
population certainly favored the spread of malaria
(Hume et al., 2003a). Initially, malaria transmission
in Neolithic Africa was probably carried out by
more zoophilic Anopheles species. The evolution of
more anthropophilic taxa occurred later and, in the
case of Anopheles gambi-
ae, was a direct consequence of the impact of
humans on the surrounding environment (Coluzzi
1999; Hume et al., 2003b).

These observations support the hypothesis that
P. falciparum could be an adequate marker for
tracing human migrations dating to Neolithic
times. 
Fortunately, a large number of SNPs has been
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identified by Mu and co-workers (2002), thus
demon-
strating that the extant parasite population shows
an adequate level of genetic diversity. The
sequencing of the entire genome of P. falciparum
(Berry et al., 2004; http://PlasmoDB.org) should
allow for the detection of the genomic fragments
most suitable for inferring the evolutionary history
of the parasite. Sequence analysis of these regions
could clarify the pattern of past human migrations
that occurred in geographical areas where endemic
malaria still persists.

Metazoan parasites 
Lice are obligate ectoparasites of mammals that

complete their entire life cycle on the body of the
host. They cannot survive more than a few hours or
days off the host. Humans are parasitized by two
species of lice: head/body lice (Pediculus humanus)
and pubic lice (Pthirus pubis). The two forms of P.
humanus are morphologically similar, but
ecologically distinct. Body lice live primarily in
clothing and move onto the skin to feed once or
twice a day. Head lice are confined to the scalp and
feed more frequently.

Kittler et al. (2003) used a molecular-clock
approach to date the origin of body lice, under the
assumption that this should roughly correspond
with the use of clothing by humans. They obtained
both nuclear and mitochondrial DNA sequence
data from a worldwide sample of 40 head and body
lice, and from a chimpanzee louse to use as
outgroup. Data analysis yielded a phylogenetic tree
whose basal clade includes nine African head lice,
supporting the hypothesis of an African origin of
the parasite.

The finding that the other clade of the tree
contains both body and head lice suggests that body
lice originated from head lice. The root of this clade
was estimated to be 72,000 +/- 42,000 years old,
suggesting a link with the global expansion of
modern humans out of Africa in the last 100,000
years. This result implies that clothing was a recent
innovation, probably associated with the spread of
early modern humans into cooler regions.

Remarkable findings on human history have
been provided by a further genetic study of
head/body lice (Reed et al., 2004). On the basis of
a phylogenetic analysis of mitochondrial DNA
sequences from five louse species (a 1,525 bp
combined fragment of the cytochrome oxidase
subunit I and the cytochrome b genes), the authors
estimated a divergence time of 5.6 millions of years
for the split between P. schaeffi from chimpanzee
and P. humanus from human. The similarity
between this divergence time and that estimated for
the divergence between the two host species
(human and chimpanzee) suggests that there is a
history of co-speciation in the primate-louse
interaction.

Phylogeny within P. humanus itself yielded a
tree with two distinct lineages, whose time of
divergence was predicted to be of 1.18 millions of
years (My). This estimate predates by a considerable
margin the origin of modern H. sapiens (0.15-0.20

11A. Pavesi

Fig. 1 - Different estimates of the time to the most
common ancestor (TMRCA) of all extant
populations of P. falciparum. (a) The recent
common ancestor model suggests a recent
bottleneck in the parasite population,
characterized by the persistence of only a few
(and perhaps only one) of the ancient lineages.
Under this hypothesis, a TMRCA comprised
between 6,000 and 8,000 years was inferred  (b)
The ancient common ancestor model suggests  the
persistence of many ancient lineages.  Under this
hypothesis, a TMRCA comprised between 70,000
and 90,000 years was inferred (redrawn from
Hartl et al., 2002, with permission from Elsevier).



My), as inferred from mitochondrial DNA
(Ingman et al., 2000) or fossil evidence (White et
al., 2003). One lineage is distributed worldwide
and contains both head and body louse forms
(WW clade). The other lineage is restricted to the
New World and contains only the head louse form
(NW clade).

With the aim to explain why the TMRCA for P.
humanus is an order of magnitudo older than that
of its human host, Reed et al. raise the hypothesis
that the two lineages of P. humanus must have
diverged at about the same time that two lineages of
humans - perhaps Asian H. erectus and the African
ancestors of H. sapiens - became established (Fig. 2).
The strong genetic difference between the two
parasite clades suggests that they had little or no
contact with each other. Thus, the lice probably
living on H. erectus (the NW clade) must have
jumped to H. sapiens at some point before H.
erectus became extinct, perhaps as late as 30,000
years ago. The shift probably occurred through
skin-to-skin contact, as might occur for example
during fighting.

The WW clade of P. humanus seems to have a
common evolutionary history with modern H.
sapiens, because it shows features indicative of a
population expansion dating 0.11 My. This date is
similar to the time of expansion (0.10 My) of
modern humans out of Africa (Harpending et al.,
1993; Cavalli-Sforza & Feldmann, 2003).

Finally, Hoberg et al. (2001) report that two
tapeworm species parasitizing humans (Taenia
saginata and Taenia asiatica) show a divergence
time and a geographical pattern amazingly
concordant with those proposed for the two
subgroups of P. humanus. As stated by Pennisi
(2004), genetic data from complex parasites such as
lice and tapeworms should get insights into the
possibility of close contacts between distinct species
of early humans.

Bacteria
Helicobacter pylori is a Gram-negative bacterium

that was discovered about 20 years ago by Marshall
& Warren (1984).  Its complete genome sequence
is available at the World-Wide Web site
http://genolist.pasteur.fr/PyloriGene. H. pylori
colonizes the stomach of about half of the human
population and is associated with chronic gastritis
and peptic/duodenal ulcer. However, clinical

disease only occurs in a minority of infected
individuals, and in most humans H. pylori has
many of the features of a commensal that colonizes
the gastric mucosa. Children acquire the bacterium
as infants, 
and epidemiological studies have shown that
transmission occurs predominantly within families,
and probably mostly from mother to child (Kivi et
al., 2003).

The quasi-vertical mode of transmission
should lead, over long periods of time, to different
human populations being colonized by distinct
sets of bacterial genotypes. However, the main
problem is that H. pylori is an unusually sexual
bacterium: the genotype of a resident H. pylori
isolate accumulates many very small
recombinational replacements from genetically
distinct coinfecting isolates, which rapidly diversify
its genome (Falush et al., 2001). Horizontal genetic
exchange occurs via DNA transformation between
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Fig. 2 - Superposition of the temporal distribution
of the two divergent lineages of P. humanus  on
the hominid tree. Such a tree depicts one view of
human evolutionary history based on fossil data
(Stringer, 2003). The worldwide (WW) clade is
shown in red and the New World (NW) clade in
blue (from Reed et al., 2004)
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multiple strains that colonize a single individual,
resulting in a heterogeneous pool of isolates that are
closely related but differ in alleles that have been
acquired by recombination (Suerbaum et al.,
1998).

Despite the evidence for frequent
recombination, phylogeographical differences exist
within H. pylori that seem to reflect co-evolution
with the host (Covacci et al., 1999). Moreover,
Ghose et al. (2002) have demonstrated that the H.
pylori genotypes found in aboriginal South-
American populations are largely of East Asian
origin, whereas isolates from South American cities
are of European origin. These findings are
consistent with an ancient colonization of modern
humans by H. pylori, so ancient that bacteria were
first introduced into the Americas 13,000-20,000
years ago from North-East Asia via the Bering land
bridge. The high frequency of European isolates in
South-America is probably due to the post-
Columbus colonization of the New World by
peoples of Caucasian origin. A similar study, based
on 41 strains from native New World populations
inhabiting Alaska and Colombia, has confirmed
that H. pylori was present in the Americas before
Columbus (Yamaoka et al., 2002).

Falush and colleagues (2003a) have provided
further evidence that H. pylori can be a valuable
tool for tracing ancient human migrations. The
authors obtained sequences of eight genes (seven
house-keeping genes and one virulence-associated
gene) from 370 H. pylori strains recovered from 27
different human populations, grouped according to
geographical location or ethnicity. Of the 3850
nucleotides determined for each isolate, 1418 were
polymorphic and were used to define bacterial
populations. Thanks to the use of the computer-
program STRUCTURE (Falush et al., 2003b;
http://pritch.bsd.uchicago.edu), the authors
obtained five different H. pylori populations, which
correspond to the human populations from which
the isolates were recovered.

On the basis of the genetic diversity of H. pylori,
several migratory routes of humans were inferred.
The pattern of human migrations concerns ancient
events such as the first peopling of Americas and
the Bantu expansion in South Africa, as well as
more recent events such as the colonial expansion
from Europe to the Americas, South-Africa, and
Australia (Fig. 3).

In some H. pylori isolates, all the
polymorphisms found in the eight gene segments
were assigned with confidence to a single human
population. This is the case, for example of an
isolate from the Maori population, all of whose
eight gene segments are assigned to East-Asia with
high probability. However, there are examples of
population mosaics, where a small number of
polymorphisms in a gene segment, or a whole gene
segment, appears to have been introduced by a
recombinational replacement from a coinfecting H.
pylori derived from a different population (Falush et
al., 2003; Spratt 2003).

Recently, Wirth et al. (2004) have
demonstrated that sequence information from H.
pylori shows a high resolution and discriminatory
power for clarifying the history of a human
population living in the Ladakh province of
northern India. The Ladakh is inhabited by  two
ethnic groups (Buddhists and Muslims), who have
coexisted for about 1,000 years but remain isolated
due to religious and cultural differences.

The H. pylori isolates from Buddhists were
mosaics of nucleotides from ancestral East-Asia and
ancestral Europe, consistent with the introduction
of Buddhism by Tibetans in an ancient Ladakhi
population. By contrast, almost all isolates from
Muslims were of European origin, indicating that
the Islamic religion was introduced by few
individuals rather than extensive migrations.
Interestingly, these conclusions are consistent with
the known  history of the Ladakh province.

The main limitations in the use of H. pylori as a
marker of human history lie in the fact that  the
sampling requires microbiological cultivation from
biopsies taken during gastroendoscopy, an invasive
procedure. Much of the current sampling is biased
towards isolates from humans with clinical
symptoms. H. pylori is not universally present and
its prevalence is decreasing in industrialized
countries. Inferences on human history are mainly
restricted to human migrations in the last few
thousand years (Fig. 3).  Finally, the African origin
of H. pylori is a mere assumption, since no
phylogenetic tree with a root including only
African isolates has been obtained so far.

Viruses
Although the origin, progress and impact of

viral diseases has long been of interest to



epidemiologists, the advent of rapid and large-scale
gene sequencing has allowed remarkable new
insights into the patterns of their spread through
human populations (Holmes 2004). The
geographical distribution of viruses can reveal
patterns of human migration, especially in the cases
in which they move in narrow, ethnically restricted
streams of infection. The examples reported here
include DNA viruses, such as the JC polyomavirus
and the human papillomavirus, and RNA viruses,
such as the human hepatitis G virus and the human
T-cell lymphotropic virus.

Polyomavirus JC
The human JC polyomavirus (JCV) is a small,

slowly evolving DNA virus belonging to the
Polyomaviridae family (Frisque et al., 1984). The
virus is ubiquitous in populations worldwide and is
excreted harmlessly in urine by a large percentage of
individuals. After primary infection, usually
occurring during childhood, the virus persists in
the kidneys without obvious symptoms.
Reactivation of latent JCV is frequent in adults, as
proved by the detection of viral progeny in the
urine of a high percentage (40-60%) of healthy
individuals (Chang et al., 2002).

Only in a small percentage (5-10%) of
immunocompromised patients, JCV can cause a
fatal demyelinating disease, called progressive

multifocal leukoencephalopathy. Multiple
infections rarely occur, as proved by the detection
of the same viral strain from urine samples collected
from the same patients at different times (Kitamura
et al., 1997). It follows that genetic recombination
between different JCV strains seems to be very
unlikely. Most of the virus transmission among
humans occurs by paternal or maternal route
(Kunitake et al., 1995). Since the virus seems to be
spread largely within the family or in the immediate
community early in the life, the infection is
transmitted primarily within the particular ethnic
group.

Two groups of investigators (Agostini et al.,
1997; Sugimoto et al., 1997) first found JCV to
be useful for tracing human history. Human
migrations, with additional local bottlenecks and
genetic drift, have led to the occurrence of at least
seven distinct viral genotypes that correlate with
human populations in different geographic areas.
The major genotypes so far identified include
Types 1 and 4, which are of European origin
(Agostini et al., 2001), and Types 3 and 6, which
are of African origin (Sugimoto et al., 1997).
Types 2 and 7 are found in Asia (Sugimoto et al.,
1997; Agostini et al., 1998), and Type 8 has been
isolated in Papua New Guinea and the Pacific
Islands (Yanagihara et al., 2002).

The presence of distinctive types of JCV in the
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Fig. 3 - Putative modern and ancient migrations of H. pylori. Arrows indicate specific migrations of
humans and H. pylori populations (from Falush et al., 2003, with permission from the American
Association for the Advancement of Science).



main ethnic groups suggests an ancient interaction
with the human host. This view was first proposed
by Agostini and co-workers (1997), who detected
Asian genotypes of JCV in samples from Native
Americans, a finding consistent with the Asian
origin of these populations. On the basis of the
small diversity between Amerindian and North-
East Asian strains, the authors propose a close co-
evolution of JCV with the major lineages of early
humans, who migrated out of Africa around
100,000 years ago to people Asia and Europe.

This latter view, however, has been doubted by
Wooding (2001). The main criticism lies in the
fact that the phylogenetic reconstruction based on
the complete genome sequence of JCVs from Old
World populations yields a tree which places on its
lowest branch the European lineage (Sugimoto et
al., 1997; Agostini et al., 2001; Yanagihara et al.,
2002). This result is inconsistent with trees
constructed from human genes, whose first split
separates African and non-African populations
(Cavalli-Sforza et al., 1988).

The reason for this incongruity has been
investigated by a whole-genome phylogenetic
analysis focused on the distinction between slow-
and fast-evolving sites (Pavesi 2003). By this
approach, it has been proposed that the association
of JCV with humans originated in Africa, since the
African Type 6 was predicted to be the ancestral
genotype. It was also demonstrated how Type 6
gave rise to two independent evolutionary lineages:
one including Types 1 and 4, the other Types 2, 3,
7, and 8.

The diffusion in the world of both lineages has
been investigated through the analysis of over one
thousand sequences of the genomic region of JCV
with the highest variation rate (Pavesi 2004). By
using synthetic maps, the expansion of Homo
sapiens from Africa was hypothesized to be
mediated by two migration waves, each carrying a
different virus lineage. This finding is a valuable
one, because it sheds new light on the pattern of
human evolution yielded so far by human genes,
which supports the hypothesis of one single
expansion from Africa into Asia and from there to
the other continents (Cavalli-Sforza & Feldman,
2003).

The view that the dual exit of JCV from Africa
mirrors two migrations on the part of our ancestors
is appealing. However, the objection can be raised

that the present genetic diversity between the two
virus lineages - one (Types 1 and 4) mainly diffused
in the northern areas of the world and the other
(Types 2, 3, 7, and 8) in the central and southern
areas - is the result of selective pressures favoring
adaptation to different climates. In this case, large-
scale inferences regarding human evolution should
be treated with caution, since a reliable
reconstruction of human history is based on
phenomena such as genetic drift or migration, and
not natural selection (Cavalli-Sforza et al., 1994).

A possible response to this objection has been
provided by a multivariate statistical analysis of
about three hundred complete genome sequences
of JCV, with the aim of characterizing the type of
nucleotide substitutions causing the deep
divergence between the two virus lineages (Pavesi
2005). Correspondence analysis yielded evidence
that the variation pattern of JCV meets with the
expectations of the neutral theory of evolution,
which is entirely described by random genetic drift,
mutation and migration (Kimura 1983). Thus, it
can be hypothesized that the diffusion in the world
of the two virus lineages really mirrors two early
expansions of humans from Africa (Fig. 4).

Since JCV exhibits the unusual feature of a dual
exit from Africa (Pavesi 2003), it could shed new
light on the number of migrations leading to the
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Fig. 4 - The two-migration model of the expansion
from Africa of Homo sapiens suggested by JCV.
The migration traced with a solid line is
compatible with that yielded by human genes. The
migration traced with a dashed line indicates the
additional route of expansion suggested by JCV
but undetectable with human genes (from Pavesi,
2005, with permission from the Society for
General Microbiology).



peopling of the various continents. The virtual lack
of pathogenous power, the absence of genetic
recombination, the strong ethnicity due to a
transmission mechanism within the family or in the
same community,  and the easy detection in healthy
individuals due to the high frequence of urinary
excretion support the utility of JCV as a marker of
human history.

Papillomavirus
The human papillomavirus (HPV) is a member

of the Papillomavirus genus and consists of a
circular, double-stranded DNA with a genomic size
of about 8 kb. HPV is spread both horizontally
through sexual contact and vertically from mother-
to-child, and infections are rarely persistent
(Hildesheim et al., 1994).

HPV has been isolated in every human

population sampled to date, with a global
prevalence of 
about 6-7% (Munoz et al., 2000). It has been clas-
sified into more than 90 types, some of which are
more often associated with cervical cancers than
others (Chan et al., 1995). The mutation rate in
HPV has been found to be roughly equivalent to
that of host cellular DNA, and recombination is
rare (Yamada et al., 1997). The strong stability of
the HPV genome has led a number of authors to
investigate the possibility of co-divergence between
virus and humans. Some studies have focused on
two common types, type 16 (HPV-16) and type 18
(HPV-18), which seem to reflect better past human
migrations.

Investigation of genetic variation in HPV-16,
carried out by sequence analysis of the control
region, has first discerned three geographically
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Fig. 5 - Consensus phylogenetic tree highlighting the relationship between 48 genomic variants of
HPV-16.  Af1 and Af2 indicate the two African branches, AA the Asian/American branch, E the
European branch, and As the East Asian branch (from Ho et al., 1993, with permission from the
American Society for Microbiology).



associated lineages, that is lineages specific to
Africa, Brazil and Eurasia (Chan et al., 1992). A
further analysis of the same region of 301 HPV-16
isolates from 25 different human populations (Ho
et al., 1993) has provided a tree consisting of five
major lineages: two predominantly present in
Africa (Af1 and Af2), two in Asia (AA and As) and
one mainly found in Indo-Europe (E).
Unfortunately, the lack of an appropriate outgroup
precluded the determination of the most ancestral
lineage, since the tree remains unrooted.

However, examination of the HPV-16 tree (Fig.
5) reveals some discrepancies with respect to what is
known from human genetic data. For example, the
As lineage (Japan and Singapore) is closely related
to the European E cluster, rather than the other
Asian cluster. An unexpected link between the
European lineage E and many isolates from
Amerindian populations is detectable. Since these
latter ethnic groups originated from North-Asiatic
emigrants via the Bering land bridge, their HPV-16
strains should all be associated with the AA lineage.
Even more surprising is the detection of the Af1
lineage from one Inuit (Native American
population living in North-Canada) and the Af2
lineage from Navajos.

A study of the genetic diversity of HPV-18,
based on a sequence analysis of the long control
region, has demonstrated that the corresponding
phylogenetic tree has a topology that suggests co-
evolution of the virus within the major ethnic
groups: Africans, Caucasians, and East Asians (Ong
et al., 1993). Using HPV-45 as outgroup, the HPV-
18 isolates from Africa were placed at the root of
the phylogenetic tree, thus suggesting an African
origin. By using the close genetic relationship
observed between isolates from Amazonian Indians
and Japanese populations, it was also possible to
evaluate the speed of the molecular clock during
HPV-18 evolution (one point mutation fixed every
12,000 years). This estimate suggests an age of
approximately 200,000 years for the intra-type
diversity of HPV-18, an order of magnitude similar
to that of the evolution of H. sapiens (Ong et al.,
1993).

Although HPV-18 has been found to be
associated with cervical neoplasia, this is a rare
outcome of HPV infection that generally occurs
after child-bearing age. Through most of human
evolution, few women lived to the age where they

would be susceptible to HPV-induced cancers. So it
is unlikely that the pathogenic potential of HPV
has influenced its co-evolution with human host.
The main drawbacks in the use of HPV-18 as a
marker of human history concern the mechanism
of transmission (frequently horizontal) and the low
prevalence (1-2%) in human populations (Taira et
al., 2004).

Hepatitis G virus 
In 1996 two groups of investigators reported

the identification of two novel infectious agents of
humans called hepatitis G virus (HGV) and
hepatitis GB virus C (GBV-C) in American and
West African patients, respectively (Linnen et al.,
1996; Leary et al., 1996). The molecular
characterization of these two agents showed them
to be different isolates of the same virus which was
designated GBV-C/HGV. GBV-C/HGV is a RNA
virus belonging to the Flaviviridae family, with a
genomic size of about 9.3 kb.

The virus shows an extremely low infection
rate, ranging from 1-4% in industrialized countries
to 10% in Brazil (Cheung et al., 1997) and 13% in
Bolivia (Konomi et al., 1999). GBV-C/HGV is
transmitted parenterally, and highly prevalent in
patients exposed to transfused blood (Desai et al.,
2004). The virus can also be transmitted
horizontally by sexual contact, or vertically from
mother to baby (Cheng et al., 2003). It has been
detected in the saliva and serum of infected
patients, but not in the urine (Seemayer et al.,
1998).

The low mutation rate found in the virus
(Suzuki et al., 1999) reflects a strong selection
against nonsynonymous changes. The finding that
selective pressures occur also at third codon
position has been explained as a result of functional
constraints due to extensive RNA secondary
structures (Simmonds & Smith, 1999) and the
presence of a new potential overlapping gene
(Pavesi, 2000).

Since its first description, many groups have
investigated the genetic diversity of GBV-C/HGV
isolates from globally distributed human
populations (Smith et al., 2000 and references
therein). Initially, three GBV-C/HGV genotypes
were described originating from Africa (genotype
1), North-America and Europe (genotype 2), and
Japan (genotype 3). Two novel isolates, discovered
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in South-East Asia and South-Africa, were later
classified as genotypes 4 and 5, respectively (Naito
et al., 1999; Sathar et al., 1999).

The detection of a large insertion (12 amino
acids) in the NS5A gene of GBV-C/HGV strains
isolated from Pygmy and Bantu populations of
Central Africa proved to be particularly interesting.
This feature, combined with a phylogenetic analysis
based on the NS5A gene, suggested an African
origin of hepatitis G virus (Tanaka et al., 1998).
This finding, however, was not confirmed when the
analysis was extended to the entire coding region of
27 genomic sequences (Suzuki et al., 1999). The
same study also raised the possibility that the above
insertion is the result of a later duplication event,
rather than an ancestral feature. The difficulty in
detecting the ancestral lineage was apparent in the
study by Smith et al. (2000), based on a
phylogenetic analysis of 33 complete genome
sequences.

Some light on the origin of GBV-C/HGV has
been provided by a phylogenetic analysis of the

genomic regions showing the lowest rate of
synonymous substitutions (Pavesi, 2001). The
corresponding phylogenetic tree (Fig. 6) supported
the hypothesis of an African origin for the virus. By
using a multivariate statistical method, and
extending the analysis to the complete coding
region, further details of the evolutionary history of
GBV-C/HGV were clarified. By this approach,
isolates from Southeast Asia appeared to be the
most closely related to those of African origin,
suggesting a major route of human migrations from
Africa to south-eastern areas of the Asian continent
during prehistoric times (Pavesi, 2001).

As a marker of human history, GBV-C/HGV
presents several advantages such as the probable
African origin, the lack of pathogenic power and a
mechanism of transmission - from mother to infant
by breast feeding (Takayama et al., 1999) - that
mimics the Mendelian inheritance of
mitochondrial DNA. Disadvantages mainly
concern a low rate of infection in human
populations, making virus isolation rather
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Fig. 6 - Consensus phylogenetic tree of GBV-C/HGV obtained from an analysis of the four most
slowly evolving genome regions. The sequence AF70476, which corresponds to GBV-C/HGV from
chimpanzee, was used as outgroup. The position of the sequence AB003291, which correspond to a
GBV-C/HGV isolate taken from an African patient, supports the hypothesis of an African origin of
hepatitis G virus. The internal node numbers represent the bootstrap values (expressed as a
percentage of all trees) obtained from 1000 replicates (from Pavesi, 2001, with permission from
Springer-Verlag).



diffficult, and a transmission mechanism also by
sexual contact (Scallan et al., 1998) that can
obscure the link between virus distribution and
human migrations. The finding that  GBV-
C/HGV can recombine (Worobey & Holmes,
2001) raises further doubts on its efficacy as a
marker of human history. 

T-cell lymphotropic virus
Human T-cell lymphotropic virus type 1

(HTLV-I) is the aetiological agent of the adult T-
cell leukaemia (Yoshida et al., 1982) and tropical
spastic paraparesis, a neurological syndrome
(Osame et al., 1987). It infects an estimated 11 to
20 million persons worldwide, with an approximate
5% lifetime risk of serious disease. HTLV-I is
transmitted by vertical infection from mother to
child, but also by horizontal infection via sexual
contact, blood transfusion or intravenous drug
abuse.

The HTLV-I is a single-stranded RNA virus,
with a genomic size of about 9 kb. The genome is
transcribed into DNA when the virus enters a cell
and it integrates into the host genome. The strong
genetic stability of HTLV-I can be partially
explained by the finding that provirus replication
via clonal expansion of the infected cells is preferred
to virus replication by reverse transcription (Wattel
et al., 1995).

A first phylogenetic study (Ureta Vidal et al.,
1994) led to the detection of five major
geographical genotypes: Cosmopolitan (C)
genotype widespread all over the world, Japanese
(J) genotype, West African (WA) genotype, Central
African (CA) genotype and Melanesian (M)
genotype. The same study yielded a phylogenetic
tree whose most basal clade is not found in Africa
but instead among isolates from Melanesia.

On the basis of the molecular characterization
of the long terminal repeat region, Miura et al.
(1994) discerned three major lineages (subtypes A,
B and C) within the Cosmopolitan genotype.
Interestingly, subtype A suggests a close connection
of the Caribbean and South American natives with
the Japanese and thereby a possible migration of the
virus lineage to the American continent via
Beringia in the Paleolithic era. Subtype C consists
of the West African and other Caribbean isolates,
indicating that part of the Caribbean strains
directly originated from West Africa probably

during the period of slave trade. However, the
construction of the corresponding phylogenetic
tree yielded again a basal clade consisting of isolates
from New Guinea and Melanesia.

Even more surprising is the finding that, in the
same tree (see Fig. 1 in Miura et al., 1994), simian
T-lymphotrophic type I viruses (STLV-I) are more
closely related to other human HTLV-I genotypes
than they are to the Melanesian HTLV-I genotype.
This finding suggests the existence of multiple viral
reservoirs in higher primates from which
transmission to humans occurred on independent
occasions. This hypothesis was further
substantiated by the identification of an additional
subtype (D) in Africa, which shows a close
affiliation with isolates from mandrills and baboons
(Mahieux et al., 1998). Thus, the phylogenetic
analysis of HTLV-I supports the hypothesis of
multiple, independent transmissions from different
ape species to local populations of modern humans.
This type of transmission raises strong doubts for
the use of sequence diversity within HTLV-I to
trace the history of human populations.

The human T-cell lymphotropic virus type II
(HTLV-II) shows a mechanism of transmission and
a genome organization similar to HTLV-I.
Sequence analysis at the genome level reveals a
difference between HTLV-I and HTLV-II of 37%.
The virus has been found in some American Indian
(Biggar et al., 1996) and Pygmy tribes (Gessain et
al., 1995) where it is considered endemic, and in
intravenous drug users world-wide (Lee et al.,
1989).

A phylogenetic analysis of the entire long
terminal repeat (LTR) sequence supports an African
origin of HTLV-II, based on the very deep
branching of an HTLV-IId strain isolated from an
Efe Bambuti Pygmy (Vandamme et al., 1998). A
similar phylogenetic study (Neel et al., 1994)
demonstrates that the HTLV-II strain present in
Amerindian tribes is not present in ethnic groups of
eastern Siberia, but rather in the indigeneous
population of Mongolia. This finding suggests the
ancestors of the first migrants to the New World
were not derived from North and Central Siberia,
but from populations inhabiting the regions of
Mongolia and Manchuria.

The main problem lies in the fact that culturally
and geographically isolated ethnic groups
inhabiting different continents share a similar form
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of the virus. The best example is the identical LTR
sequence between a Pygmy population from Bakola
and a Wayuu aborigenal population from
Colombia (Switzer et al., 1995), a finding hard to
explain under the traditional model of human
expansion.

These conflicting results can be due to the high
rate of substitution of LTR, which was estimated to
be only two orders of magnitude lower than that of
HIV, the most rapidly evolving virus discovered so
far (Salemi et al., 1998). It is likely that the LTR
sequence may be saturated by polymorphisms and
contain multiple homoplasies, which would reduce
the information content (Wirth et al., 2005). On
the other hand, HTLV phylogeny from sequence
analysis of the envelope gene could be questioned,
because envelope proteins are subjected to strong
selective pressure due to the host immune system
reponse. These observations, combined with a
mechanism of transmission often horizontal, raise
doubts on the overall utility of HTLVs for
reconstructing human movement and history.

A critical evaluation of evidence

The studies reported here suggest that the
genetic information carried by microbes can really
get insight into the history of our ancestors.  A

parallel example of the utility of these indirect
markers is provided by mitochondrial DNA
(mtDNA). Although mitochondria descended
from bacteria that were incorporated into the
eukaryotic cell, their DNA is extensively used in
human population studies (Cann et al., 1987;
Cavalli-Sforza & Feldmann, 2003), because it
exhibits a mutation rate  that is an order of
magnitude faster than nuclear genes. Therefore,
human parasites showing a nucleotide diversity
even higher than that of mtDNA can be expected
to provide novel information on the history of
human populations. For example, the
polyomavirus JC shows a mean nucleotide diversity
double than that of mtDNA. The greater amount
of silent changes in JCV, with respect to human
mitochondria, can be appreciated by comparing the
trends of the mean synonymous diversity  along the
entire protein-coding region (Fig. 7). 

Moreover, novel statistical methods have been
developed to test the hypothesis of host-parasite
codivergence. For example, reconciliation analysis
(Treemap version 2.0, software distributed by
Michael Charleston & Roderic Page;
http://taxonomy.zoology.gla.ac.uk/rod/treemap.ht
ml) determines whether the two phylogenies are
more congruent than expected by chance, based on
randomization of both the host and parasite
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Fig. 7 - Trend of the rate of synonymous substitution, averaged over a sliding-window region of 100
codons, along the entire coding sequence of 273 JCV strains (a) and 156 human mitochondria (b).
The dashed line indicates the mean value of the rate of synonymous change over the entire coding
sequence (1524 codons for JCV and 3778 codons for mtDNA). At the top of the figure the
organization of the coding region of JCV and mtDNA is presented (from Pavesi, 2005, with
permission from the Society for General Microbiology).



phylogeny. Significant congruence between host
and parasite phylogenies is interpreted as being the
result of a shared evolutionary history.

Since the efficacy of parasites as surrogates for
human genetic diversity depends on multiple
factors, aim of the present paper was a critical
evaluation of  virtues and limitations of a number
of human microbes, such as P. falciparum, P.
humanus, H. pylori, two double-strand DNA and
two positive-strand RNA viruses. P. falciparum
could be useful for deciphering the pattern of
human migrations dating back to Neolithic times,
since it is probable that repeats ‘imports’ of
plasmodia from moving populations have
accompanished human history in the last thousand
years.  Obviously, this task could be carried out
only in geographical areas  where the problem of
malaria still persists.

By contrast, head/body lice (H. sapiens) or
tapeworms (Taenia saginata and Taenia asiatica)
seem to provide a promising approach in probing
even the origin of modern humans. In particular,
inferences drawn from louse mtDNA (Reed et al.,
2004) suggest that there must have been some
contact between distinct species of early humans.
As proposed in a commentary paper (Pennisi
2004), further research  focused on the pubic lice
(Pthirus pubis)  could suggest what kind of contact
likely occurred among early human species. 

Utility of H. pylori seems to be restricted to
ancient human migrations dating to 10,000-
15,000 years, or to migrations occurred in the last
few thousand years (Fig. 3). The failure to obtain a
phylogenetic tree with a basal clade including only
African H. pylori strains does not allow to drawn
inferences concerning the earliest human dispersal
out of Africa.

By contrast, some viruses such as GBV-C/HGV
or JCV have been found to be useful for tracing
human migrations likely going back to the origin of
modern humans. Moreover, primate evolutionary
history could be revised by using GBV-C/HGV,
which has been present in New World and Old
World apes for more than 10 My.  Several features
of JCV (lack of pathogenous power, absence of
genetic recombination, strong ethnicity, and easy
detection) suggests it as the most suitable candidate
to provide novel information on human history.
Indeed, the geographical distribution of the two
main lineages of JCV  (Fig. 4) supports the

hypothesis that the expansion of Homo sapiens from
Africa was mediated by two distinct migration
waves.  If validated, this hypothesis sheds really new
light on the pattern of human migrations yielded so
far by human genes, which supports the view of one
single expansion from Africa into Asia and from
there to the other continents (Cavalli-Sforza &
Feldman, 2003).

A broader perspective on pathogens
and human evolution

The interaction between pathogenous microbes
and human host probably played an important role
in determining and maintaining the surprising
genetic diversity found in human populations.
However, the study of human evolution has
concentrated on humans and their hominid
ancestors, without as much attention to other
organisms also evolving in the same environments.

As significant causes of morbidity and
mortality, parasites were particularly important to
influence the evolution of  human host.  For
example,  the high degree of polymorphism in the
major histocompatibility complex (MHC) is due to
the selective pressure driven by disease (Reche et al.,
2003). In fact, MHC codes for membrane
glycoproteins that play an important role in the
immune system by binding fragments of infectious
origin and presenting them to T-cells.

Malaria has exerted a powerful effect on human
evolution by means of its aetiological agent (P.
falciparum) and the associate mosquito vector
(Anopheles gambiae). Selection for resistance to
malaria has led to the appearance and persistence of
a number of inherited diseases (thalassaemias, sickle
cell disease, ovalocytosis and glucose-6-phosphate
dehydrogenase) because of protective effects against
illness and death (reviewed by Cooke et al., 2004).
Interaction between humans and infectious agents
has also been the subject of theoretical studies
(Fisher et al., 1998).

Recent advances in molecular microbiology
have provided a large amount of information about
the evolutionary history of the most important
human microbes, thus allowing us to decipher
when they might have entered our line (Zimmer,
2001). For example, phylogenetic and divergence
date analyses indicate that the occurrence of Taenia
tapeworms in humans pre-dates the development
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of agriculture, animal husbandry and
domestication of cattle or swine (Hoberg et al.,
2001). Since the analysis of the amount of genetic
variation among different species of tapeworms
suggests a common ancestor living as long as 1
million years old, it is probable that tapeworms first
infected our hominid ancestors as they scavenged
grazing mammals on the African plains.

The ease with which our species acquires
emerging infections from other animals points to
the importance of these zoonoses as a source of
new human diseases. Hirsch et al. (1989) showed
that HIV-2, one major form of the virus that
causes AIDS, is closely related to a virus that
infects sooty mangabeys in West Africa. The
monkey virus probably jumped into humans from
sooty mangabeys kept as pets or hunted for food.
More recently,  Hahn et al. (2000) constructed a
phylogeny of HIV-1, the far more common form of
the virus, indicating that it crossed the species
barrier from West African chimpanzees to humans
around 1930.  An emerging field of research
concerns the detection of ancient microbial DNA
in human and animal remains (Zink et al., 2002).
This approach, combined with phylogeny of extant
infectious agents, has the potential to contribute
significantly to a better understanding of the spread
of infectious diseases in historic and modern times.

Obviously, the types of viruses that have
afflicted humans throughout their evolutionary
history changed in time. As human populations
progressed technologically, viruses grew in numbers
and density. As a consequence, different viruses
found suitable conditions to thrive and establish
long-lasting associations with man (Leal &
Zanotto, 2000).

Most of the slowly evolving DNA viruses are
ancient and have coevolved in close association
with their hosts. Families such as the Herpesviridae,
Papovaviridae, and Adenoviridae have cospeciated
with vertebrates, and even the earliest hominids
undoubtedly had their share. Hovewer, the life-
long, mostly asymptomatic  infections caused by
these viruses are unlikely to have had a significant
selective effect, unless introduced into a new host
Therefore, these viruses diversified and migrated
along with human populations. Production of
latent and subclinical infections allowed these
pathogens to persist in the small populations that
were probably typical of earlier hominids (Van

Blerkom , 2003).  
Many RNA viruses, with their rapid rate of

nucleotide substitution, were more recently
acquired during the Neolithic, when humans and
domesticated animals entered into intimate
contact, and agricultural surpluses and permanent
housing attracted disease-carrying rodents.
Candidate viruses that thrived since the agricultural
revolution up to recent historical times were mainly
those causing acute transient infections, such as
respiratory viruses, measles,  smallpox , and so on.
Post-Neolithic viruses include the diarrheal calici-
and rotaviruses, the coronaviruses of common
colds, and ortho- and paramyxoviruses that cause a
a variety of other respiratory disease  (Van Blerkom,
2003). Finally, during the last few hundred years,
viral disease previously confined to specific
geographical areas (e.g., dengue, yellow fever, etc.)
were able to spread widely, due to the increasing
mobility of humans (Leal & Zanotto, 2000).

In conclusion, many aspects of human history
can be clarified by accurate  analyses of the
molecular data obtained from human parasites.
Molecular phylogenies may also provide means of
mapping amino acid substitutions during the
succession of endemic influenza strains (Fitch et al.,
1991). The use of viruses as experimental models
can get insight into the long-lasting debate on
selectionism and neutralism (Zanotto et al., 1999).
Finally, understanding the processes that give rise to
the phylogeographic patterns observed in viruses
(Holmes, 2004) can also be of great
epidemiological and clinical importance.
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Info on the Web

http://PlasmoDB.org
PlasmoDB is the official database of the P.
falciparum genome sequencing consortium. It
contains the complete nucleotide sequence of the P.
falciparum genome.  Sequence information is
integrated with annotation and other genomic-scale
data, including gene expression analysis from EST,
SAGE and microarray projects and proteomics
studies.

http://genolist.fr/PyloriGene
PyloriGene is a database dedicated to the analysis of
the entire genome sequence of  the Gram-negative
bacterium H. pylori. It provides a complete a
complete dataset of DNA and protein sequences
derived from two different strains: 26695 and J99,
linked to the relevant annotations and functional
assignments.

http://pritch.bsd.uchicago.edu
The program STRUCTURE is a free software
package for using multi-locus genotype data to
investigate population structure.  Its uses include
inferring the presence of distinct populations and
assigning individuals (or bacterial and viral strains)
to populations. It can be applied  to most of the
commonly-used genetic markers, including
microsatellites, RFLPs and SNPs.

http://bioinfo.ernet.in/virgen/virgen.html
VirGen is a comprehensive viral genome resource
that organizes the information from viral genomes
in a structured fashion (Kulkarni-Kale et al., 2004).
It has been developed with the objective of serving
as an annotated and curated database comprising
complete genome sequences of viruses. It also
provides phylogenetic trees of viral species
computed using whole-genome sequence data.  

http://taxonomy.zoology.gla.ac.uk/rod/tree
map.html
Treemap is designated as a simple tool for visually
comparing host and parasite phylogenies. It
provides the host and parasite trees, reconstructs

the history of the host-parasite association,
performs randomization tests of tree similarity, and
finally compares branch lengths in the two trees.
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