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Paleopathology, a discipline studying human and animal diseases of the past, developed at the begin-
ning of the 20th century. In 1910, the father of the discipline, Sir Marc Armand Ruffer, was the first
paleopathologist to describe a human parasitic disease; urinary shistosomiasis on Egyptian mummies
dating from the Dynastic period. Therefore, paleopathology and paleoparasitology have the same roots.
However, since the beginning, these two fields did not evolve at the same scale, as the demography of
paleopathologists, combined with that of anthropologists, increased much faster than the community of
paleoparasitologists. On the other hand, since the last decade, a new field, paleomicrobiology, uses molec-
ular techniques to identify ancient pathogen DNA. This approach has mainly been applied to bacterial
pathogens, such as Mycobacterium tuberculosis, Mycobacterium leprae, Yersinia pestis, Rickettsia prowazecki
and Bartonella quintana, due to the fact that anthropologists and paleopathologists are, for the moment,
the main specialists dealing with molecular biologists. As the past human microbiological world should
be considered as a whole, according to the concept of pathocenosis, it is time to establish a synergic link
between paleoparasitology and paleopathology in order to significantly increase our knowledge of past
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human infections.
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1. Introduction

The best definition of Paleopathology remains the first, for-
mulated in 1913 by Sir Marc Armand Ruffer, who carried out
pioneering work in this field. He introduced paleopathology as “the
science of diseases which can be demonstrated on the basis of
human and animal remains” (Ruffer, 1913:149). Ruffer started his
career in paleopathology in Egypt, by conducting intensive research
on Egyptian mummies from all periods.

To gain a better understanding of how Ruffer became inter-
ested in this field, it is worth recounting some aspects of his life
(Sandison, 1967). Born in France in 1859 of a French father, the
baron Alphonse-Jacques de Ruffer, Marc Armand became a British
citizen, due to his secondary British education and medical stud-
ies accomplished at University College, London. Back in France,
he was one of the first disciples of Louis Pasteur at the Pasteur
Institute, at its very beginning. He then decided to specialize in
the new rapidly developing science of microbiology. In 1891, he
returned to London and was named the first director of the British
Institute of Preventive Medicine, later to become the Lister Insti-
tute. Unfortunately, he was to become a victim of his research.
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While testing new antisera for diphtheria, he was so severely par-
alyzed by the toxin that he decided to resign his directorship.
He then went to Egypt to recover his health. He settled in Ram-
leh and became Professor of Bacteriology at the Cairo School of
Medicine. There he developed a growing interest in studying dis-
eases on Egyptian mummies. The years 1910-1913 were decisive
for the discipline, as Ruffer published the first paleopathologi-
cal diagnosis of bilharziosis, by identifying Schistosoma bilharzia
eggs in mummy kidneys (Ruffer, 1910) and his definition of pale-
opathology as a new science (Ruffer, 1913). Unfortunately, Ruffer
did not live long enough to publish his body of work in pale-
opathology. In the spring of 1917, while returning to Egypt from
Salonika, where he was in charge of the reorganization of the
Greek sanitary service, he drowned at sea when his ship was tor-
pedoed by a German submarine. After his death, his wife and
his colleague Roy Moodie published in 1921 his major scientific
contribution to paleopathology in a collected volume edited by
Moodie and entitled “Studies in the Palaeopathology of Egypt”
(Ruffer, 1921). The manner in which Ruffer could have devel-
oped his disciplinary concepts in paleopathology therefore remain
unknown, but we can speculate that his first center of interest
in microbiology and infectious diseases that he started at the
Pasteur Institute would have influenced his body of work, par-
ticularly concerning the study of parasites on ancient Egyptian
material.
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2. Paleopathology and paleoparasitology as “sister”
sciences

One can consider that paleopathology and paleoparasitology
have the same roots, as they are known to have the same ‘father’,
who is Marc Armand Ruffer.

Ruffer can indeed be considered as the real father of pale-
opathology. Shufeldt, who invented the neologism before Ruffer,
did not display global multidisciplinary vision when he presented
his neologism: “the word used in the title of this paperis a term here
proposed under which may be described all diseased or patholog-
ical conditions found fossilized in the remains of extinct or fossil
animals” (Shufeldt, 1893:679). Moreover, this short note, devoted
to the description of some pathological conditions that Shufeldt
observed on bones of ancient North American birds (for his main
interest was ornithology), was his only contribution to paleopathol-
ogy.

Some other authors proposed subsequent definitions, which
minimized, consciously or not, Ruffer’s original contribution to
paleopathology. By presenting paleopathology as the “science of
ancient diseases”, these definitions emphasize chronological issues,
therefore presenting a simplistic point of view. For instance, Mgller-
Christensen (1972), when proposing osteo-archeology as a new
discipline, wrote: “Paleopathology has for many years been one of
the fundamental disciplines of the history of medicine. The word
‘paleopathology’ means literally: the science of very ancient dis-
eases. Due to the fact that we have no contemporary literary reports
about diseases in prehistoric men and animals, we only can find
information about this important subject by studying skeletons.
Prehistoric skeletons can be difficult to date, and often their state of
preservation is so bad that the diagnoses of the diseases are dubi-
ous, and sometimes it is pure guesswork. This is - in short - the
contents of the research with the limited possibilities and uncer-
tain scientific results which are characterized as paleopathology”
(Meller-Christensen, 1972:411).

Therefore this author proposed the term “osteo-archaeology”
instead of paleopathology, which he considered incorrect for
naming the study of pathological conditions on skeletons post-
dating prehistoric periods. This neologism “osteo-archaeology”
has (at least) four meanings all rolled into the same word, as
it defines, according to Mgaller-Christensen (1972): (i) a specific
method for excavating skeletons dating from historical periods,
(ii) a way for constituting skeletal collections specifically adapted
to pathological studies, (iii) results from these studies and (iv)
an “auxiliary science” of the History of Medicine. As the ‘osteo-
archaeological’ method of excavating, as described in this paper,
can no longer be accepted by modern funerary archeologists
and anthropologists, this obsolescence of the so-called “osteo-
archaeological” method renders the other meanings of this term
questionable. Caution should therefore be applied today when
using this word as synonymous or equivalent to paleopathology
(Dutour, 2011).

Restricting paleopathology chronologically to the study of
ancient diseases is far from Ruffer’s view, which defined pale-
opathology as an integrative discipline and did not introduce any
chronological or methodological divisions or limitations. That is
why the pioneering role played by Ruffer is indisputable, for it
was he who actually set up research objectives in the field of pale-
opathology. This issue is, according to Ortner (2011), a critical basic
question for paleopathology, as for any scientific discipline. Indeed,
the objective assigned to paleopathology by Ruffer is to identify dis-
eases on the basis on ancient remains, human or animal, whatever
the methods used and the period concerned. This means that pale-
opathology adopts a holistic approach (even if Ruffer never used
this word in his definition) and works within a multidisciplinary
framework.

Therefore all scholars from biological/medical sciences or from
social sciences and humanities with a scientific interest in past
diseases can contribute to global paleopathological knowledge,
whatever their specialty. This comprehensive view confirms the
validity of Ruffer’s definition, even with the recent development of
new analytical methods, such as next generation sequencing and
metagenomics.

As Ruffer was also the first to identify parasitic disease in ancient
human remains, he is also appropriately considered a founder of
paleoparasitology. Sandison validated this idea in his paper pay-
ing tribute to Ruffer’s contribution to paleopathology: “Perhaps the
most important was his discovery of the calcified eggs of Schisto-
soma haematobium bilharzia in the straight tubules of the kidneys of
two twentieth dynasty Egyptian mummies [...]. This observation
is of cardinal importance since it extends back the history of schis-
tosomiasis for three millennia and substantiates the statements in
the great medical papyri from ancient Egypt that haematuria was
common. | suppose this might be regarded as the foundation of a
new science of paleoparasitology [...]” (Sandison, 1967:152).

However, as Ruffer was not the author of this term and because
his premature death did not leave him enough time to develop
his concepts in terms of disciplinary issues, we cannot specu-
late on his willingness to make - or not — paleoparasitology a
separate discipline alongside paleopathology or a subfield of it.
The founder of the Paleopathology Association, Aidan Cockburn,
pointed out the importance of studying intestinal parasites in
human coprolites (Cockburn, 1967). Ferreira et al. (1979) named
this approach paleoparasitology, and considered it as a new field
of science (Ferreira et al., 1993; Gongalves et al., 2003). Aradjo
et al. (1981), consider paleoparasitology a research field within
paleopathology, studying parasitic remains from both archeolog-
ical and paleontological contexts. Reinhard (1990, 1992) suggested
that the word paleoparasitology should rather be applied to studies
of nonhuman, paleontological parasitic remains, as ‘paleo’ refers to
ancient paleontological times and proposed the name “archeopara-
sitology” or “archeological parasitology” for the study of parasitism
among humans and domesticated animals, based on the analysis
of remains of parasites from archeological contexts. In this view,
archeoparasitology is a multidisciplinary field within paleopathol-
ogy whereas paleoparasitology is a subfield of paleontology. This
terminological distinction in the study of parasitism in the past is
justified in terms of trends and distinct goals: paleoparasitology
focuses on the evolution of parasite biogeography and archeopara-
sitology deals with the cultural ecology of parasitism in relationship
to human activity. Concerned that this distinction could overly
emphasize, mainly for scholars and students from other disci-
plines, the difference between the two, cohesive reviews have been
recently presented (Dittmar et al., 2012).

If paleopathology and paleoparasitology (in its broadest sense)
can be considered as “sister sciences”, as they have the same pater-
nity, they grew up differently. A swift bibliometric survey (Web
of Sciences) using the two key-words revealed that the key-word
‘paleopathology’ is used by about 500 scholars; publishing their
articles in various journals (20% of the papers are published in
the American Journal of Physical Anthropology) and showed that 45
books (textbooks or research books) deal with this topic. Under the
key-word “paleoparasitology” there are fewer than 50 scholars;
publishing 50% of their research in one Journal (Memorias Insti-
tuto Oswaldo Cruz); and one textbook has been recently published
in Brazil (Ferreira et al., 2011). This statistical discrepancy might
be due to the fact that paleopathology was associated at an ear-
lier stage with anthropology and recruited many scholars from
this large scientific community; where paleopathology is taught
as a branch of physical anthropology. The scientific community
of paleoparasitologists appears to be smaller; mostly originat-
ing from archeological; environmental or biomedical sciences;
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with paleoparasitology is principally taught in these disciplinary
fields.

It should be mentioned that two recent (text)books in pale-
opathology (Grauer, 2012; Buikstra and Roberts, 2013) underlined
the study of ancient parasites as an approach in paleopathol-
ogy (Dittmar et al., 2012; Reinhard and Aradjo, 2013). This might
encourage more students in anthropology and archeology inter-
ested in paleopathology to specialize in the study of ancient
parasites or it possibly persuade scholars in biological anthro-
pology and paleopathology to gain additional skills in this area.
Increased numbers of specialists studying different aspects of
the past host-parasite relationships would reduce the differen-
tial development of these two sisters disciplines. Other synergistic
relationships could be established thanks to recent advances in
molecular biology applied to ancient remains.

3. Paleomicrobiology as a new arrival

In the 90s, the development of molecular biology techniques
made it possible to detect and amplify small fragments of DNA
still preserved in ancient material, including human bones and
mummified tissues (Hagelberg et al., 1989; Hdnni et al., 1990;
Pddbo, 1993; Herrmann and Hummel, 1994). Thus significant new
results were obtained about ancient human pathogens. During
the next two decades, the number of identifications of human
pathogens on ancient human material increased dramatically (Zink
et al., 2002), including the detection of Mycobacterium tubercu-
losis (Spigelman and Lemma, 1993), Mycobacterium leprae (Rafi
et al., 1994), Plasmodium falciparum (Taylor et al., 1997), Influenza
virus (Taubenberger et al., 1997), Trypanosoma cruzi (Guhl et al.,
1997; Aufderheide et al., 2004), Yersinia pestis (Drancourt et al.,
1998), Treponema pallidum (Kolman et al., 1999), HTLV-1 (Li et al.,
1999), Human papillomavirus (Fornaciari et al., 2003), Bartonella
quintana (Drancourt et al., 2005), Rickettsia prowazecki (Raoult
et al., 2006). This molecular approach was applied to medieval
human coprolites, leading to the first identification of the ancient
DNA of Ascaris lumbricoides and Enterobius vermicularis (Loreille
et al,, 2001). The interest in detecting the molecular signature
of infections caused by bacteria, viruses and parasites of ancient
remains has been emphasized by Drancourt and Raoult (2005)
and Raoult and Drancourt (2008), who named this emerging field
“Paleomicrobiology”. Besides protozoan parasites, such as Plas-
modium and Trypanosoma, that can be referred as microbes sensu
lato, Drancourt and Raoult (2008) listed helminth species such as
Ascaris and Enterobius as parasites belonging to the field of pale-
omicrobiology (Drancourt and Raoult, 2008, Table 4.3, p. 63). Other
authors named “molecular paleoparasitology” (Aratjo and Ferreira,
2000; Aratjo et al., 2003) or “molecular based paleoparasitology”
(Dittmar, 2009) the study of parasites using molecular techniques
on ancient human remains, including bones, tissues and copro-
lites. Ancient ectoparasites (fleas or lice) can benefit as well from
this molecular approach in paleoparasitology (Dittmar et al., 2003;
Raoult et al., 2006, 2008).

It should be noted that the word ‘Paleomicrobiology’ is not a
new one, as it was used in 1969 (Swain, 1969) to describe the
morphological study of prokaryotic micro-organisms, fossilized in
Precambrian, Devonian and Eocene sedimentary rocks. However,
it is the new definition of paleomicrobiology that is now popular
among scholars, considered as an original approach “at the inter-
section of microbiology and evolution, history and anthropology”
that allows “looking backwards to past epidemics using modern
tools and concepts” and that “will in turn help to understand the
continuous evolution of microbes and of their direct or indirect
relationships with humans” (Raoult and Drancourt, 2008: v).

Besides the identification of these pathogens, molecular studies
also creates new possibilities for reconstructing their evolution, as
it can contribute to a better understanding of emerging infections.

The complete reconstruction of the genome of ancient
pathogens now appears to be attainable, thanks to the development
of metagenomics and its application to ancient living organisms,
called paleogenomics (Poinar et al.,, 2006). The first application
of this method has been published recently for the Black Death
pathogen, Y. pestis (Bos et al., 2011) and more recently for M. tuber-
culosis (Chanetal.,2013). Dittmar (2009) underlined that genomics
can also be used to better understand life history traits of ancient
and extant parasites, but so far no genome of parasites identified
in ancient material have been published.

In very near future this will bring fantastic new opportunities for
grasping a clear knowledge of the origin, dispersal, pathogenicity
and virulence of pathogens in the past. If the term “paleomi-
crobiology” does not fully encompass this field, because it could
be understood sensu stricto and then exclude multicellular (endo
and ecto) parasites, then a new term should be coined to bring
together all molecular based studies of pathogens in the past, as
host-pathogen relationships should be conceived as a whole, in an
ecological continuum.

4. Human-pathogen relation as a whole

The number of known human pathogens is now 1407, accord-
ing to Woolhouse and Gowtage-Sequeria (2005). Bacteria rank first
(38%), parasites second (24%), fungi third (23%) and viruses fourth
(15%). Among these pathogenic species, about 177 are responsi-
ble for emerging or re-emerging infectious diseases (Woolhouse
and Gowtage-Sequeria, 2005) that can be defined as: “An infectious
disease whose incidence is increasing following its first introduc-
tion into a defined host population, or an infectious disease whose
incidence is increasing in a defined host population as a result of
long term changes in its underlying epidemiology” (Woolhouse and
Dye, 2001). Viruses and prions are taking the lead in emerging or
re-emerging pathogenic species (44%), bacteria in second, and fungi
and parasites are third (13%).

Numerous environmental and social factors influence the emer-
gence and re-emergence of infectious diseases (McMichael, 2004).
Besides travel and trade, human-induced environmental changes
due toland use have been ranked according to their decreasing level
of influence on emerging diseases (Patz and Confalonieri, 2005).
These include: agricultural development, urbanization, deforesta-
tion, population movement, introduction of species/pathogens,
reduction of biodiversity, habitat fragmentation, and water and
air pollution. Six main ecological disruptions related to human
activities are responsible for the emergence of infectious diseases
(McMichael, 2004): altered habitat with proliferation of reservoir
or vector populations, biodiversity change and habitat fragmenta-
tion, ecosystem changes and loss of predators, intensified farming
and animal husbandry, niche invasion and host transfer. The
human-pathogen relation must thus be understood in a broader
ecological and evolutionary framework.

Reinhard introduced in 1974 the concept of “pathoecology” in
the study of environmental influences (including both social and
natural factors) on the development of diseases conditions and
applied it to parasitology (Reinhard, 2007, 2008). Reinhard and
Bryant recently proposed (2008) to introduce in bioarchaeology
the concept of “nidality”, previously developed for infectious dis-
eases by Pavlovsky (1966). According to this author, the “nidus”
of a disease exists under “definite conditions of climate, vegeta-
tion, soil, and favorable microclimate where pathogens, vectors,
and reservoirs are associated as a biocenose that is characteristic
for a definite geographic landscape”. Therefore, man can acquire a
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“animal natural-nidal disease” when he penetrates or occupies at
a given time the biocenose of that infection (Pavlovsky, 1966:9).

According to Woolhouse and Gowtage-Sequeria (2005), 58%
of human pathogens are zoonotic which means that we share
pathogens with a wide range of other animal hosts. As pathogens
can have multiple hosts they therefore have to share their hosts
as well. If the host is changing in response to one pathogen, this
change can also affect its response to other pathogens. Pathogen
jumps between host species are frequent and interactions between
pathogens within the same host can affect their epidemiology
and evolution by facilitation, inhibition or cross-immunity. For
instance, helminth infections affect the balance between lympho-
cytic T-cell types and consequently increase host susceptibility to
other infections. A more comprehensive approach has to be devel-
oped, far from the “single pathogen, single host, single disease”
simplistic model. The human-pathogen relation appears to be very
complex and corresponds more to a multi-host-multi-pathogen
biological model (Woolhouse and Gowtage-Sequeria, 2005). This
concept has been clearly adopted for past pathogens by Raoult and
Drancourt (2008) and Dittmar (2009), among others.

Recently, Singer (2010) reviewed the different mechanisms of
pathogen interactions and introduced the concept of epidemi-
ological synergism and syndemism for defining the biological
interactions between pathogens, which influence their speed,
spread and virulence.

This holistic approach to disease ecology was previously defined
by Mirko Grmek, paleopathologist and medicine historian, termed
“pathocenosis” (Grmek, 1969). He proposed to consider diseases of
a given host population as a whole, thereby integrating historical
and geographic dimensions. He named this concept by analogy with
the ecological concept of “biocenosis”, which globally considers all
living organisms coexisting and interacting within a defined terri-
tory. Grmek defined pathocenosis as follows: “By pathocenosis, I
mean the qualitatively and quantitatively defined group of patho-
logical states present in a given population at a given time. The
frequency and the distribution of each disease depend not only on
endogenous—infectivity, virulence, route of infection, vector—and
ecological factors—climate, urbanization, promiscuity—but also on
frequency and distribution of all the other diseases within the
same population” (Grmek, 1969:1476). According to Gonzalez et al.
(2010), this was the first time in the history of medicine that a
scholar proposed a temporal and spatial approach for understand-
ing the dynamics of infectious diseases and their interdependency,
rather than keeping diseases “in a frozen disciplinary framework”
(Gonzalez et al., 2010:238).

5. In conclusion, Darwin, as always

Darwin, 20 years before publishing his revolutionary book, con-
firmed an example of a human-pathogen relationships that was
noted in Australia in 1837 by the English missionary John Williams,
and quoted: “It is certainly a fact, which cannot be controverted,
that most of the diseases that have raged in the islands during my
residence here, have been introduced by ships; and what renders
this fact remarkable is that there might be no appearance of the dis-
ease among the crew of the ship which conveyed this destructive
importation. ..” (Darwin, 1839 in the Voyage of the Beagle: 521).
This observation finds later its immunological explanation in terms
of epidemiological isolate.

In spite of this observation, Darwin did not introduce germs and
infectious diseases into his evolutionary model twenty years later,
even if he must have been aware of the research of his contempo-
raries, Pasteur and Koch.

However, the history of human pathogens is intimately
inscribed in the evolutionary paradigm that Darwin scientifically

introduced in its modern form in 1859. Darwin’s prescient model,
capable of explaining, extinction, emergence and re-emergence, as
well as multidrug resistance in the field of human infectious dis-
eases, thus created a scientific model for understanding the modern
history of certain pathogens (Iseman, 2007). On the basis of this
strong paradigm, it has been possible to build the model of co-
evolution (Ehrlich and Raven, 1964), clearly illustrated by the Reed
Queen Theory (Van Valen, 1973), very useful for understanding
host-pathogen interactions. Modern examples of emerging and
remerging diseases, such as tuberculosis, HIV, SARS, Mad cow dis-
ease, Western Nile fever, Rift Valley fever, Ebola fever, H5N1 & HIN1
flu, Lyme disease, Chikungunya... among others, have demon-
strated that these interactions have to be understood within the
time scale, in a global ecological framework.

Itis now time, in these changing scientific environments, that all
specialists of sciences concerned with the past interested in human
diseases find, like some of the studied pathogenic species they are
studying, new synergies. Whatever their variable background, dis-
ciplinary framework, and origins (either from biological and health
sciences or from social sciences and humanities), they must follow
this holistic perspective inspired by Darwin’s ideas, in order to be
able to clearly understand, as an essential adaptation feature for
scientific survival, the past of human infections.

Acknowledgments

I am grateful to Frangoise Le Mort and Marjan Mashkour who
invited me to write this paper. I thank the two anonymous review-
ers and the Editor for their helpful comments that allowed me
to substantially improve the manuscript. Many thanks to Helene
Coqueugniot (Director of Research at CNRS) for her precious help
for finalizing the revised version.

References

Aratjo, AJ.G., Ferreira, L.F., Confalonieri, U.E.C., 1981. A contribution to the study
of helminth findings in archaeological material in Brazil. Rev. Bras. Biol. 41,
873-881.

Aratjo, A].G., Ferreira, L.F., 2000. Paleoparasitology and the antiquity of human
host-parasite relationships. Mem. Inst. Oswaldo Cruz. 95 (1), 89-93.

Aratjo, A, Jansen, A.M., Bouchet, F., Reinhard, K., Ferreira, L.F., 2003. Parasitism, the
diversity of life, and paleoparasitology. Mem. Inst. Oswaldo Cruz. 98 (1), 5-11.

Aufderheide, A.C., Salo, W., Madden, M., Streitz, ]J., Buikstra, ]., Guhl, F., Arriaza, B.,
Renier, C., Wittmers Jr., L.E., Fornaciari, G., Allison, M., 2004. A 9000-year record
of Chagas’ disease. Proc. Natl. Acad. Sci. U.S.A. 101, 2034-2039.

Bos, K.I, Schuenemann, VJ., Golding, B.G., Burbano, H., Waglechner, N., Coombes,
B.K., McPhee, ].B., DeWitte, S.N., Meyer, M., Schmedes, S., Wood, ]., Earn, D.].D.,
Herring, D.A., Bauer, P., Poinar, H.N,, Krause, J., 2011. A draft genome of Yersinia
pestis from victims of the Black Death. Nature 478, 506-510.

Buikstra, J., Roberts, C., 2013. The Global History of Paleopathology. Oxford Univer-
sity Press, Oxford.

Chan, J.Z.M., Sergeant, M J., Lee, 0.Y.C., Minnikin, D.E., Besra, G.S., Pap, I., Spigelman,
M., Donoghue, H.D., Pallen, M.J., 2013. Tuberculosis genomes recovered from
200-year old Hungarian mummy. N. Engl. J. Med. 369, 289-290.

Cockburn, A., 1967. Infectious Diseases: Their Evolution and Their Eradication.
Charles Thomas Publ., USA.

Dittmar, K., 2009. Old parasites for a new world - the future of paleoparasitological
research: a review. J. Parasitol. 95 (2), 365-371.

Dittmar, K., Mamat, U., Whiting, M., Goldmann, T., Reinhard, K., Guillen, S., 2003.
Techniques of DNA-studies on prehispanic ectoparasites (Pulex sp., Pulicidae,
Siphonaptera) from Animal mummies of the Chiribaya culture, southern Peru.
Mem. Inst. Oswaldo Cruz. 98 (1), 53-58.

Dittmar, K., Aradjo, A., Reinhard, K., 2012. The study of parasites through time:
archaeoparasitology and paleoparasitology. In: Grauer, A.L. (Ed.), A Companion
to Paleopathology. Wiley-Blackwell, USA.

Drancourt, M., Aboudharam, G., Signoli, M., Dutour, O., Raoult, D., 1998. Detection
of 400-year-old Yersinia pestis DNA in human dental pulp: an approach to the
diagnosis of ancient septicemia. Proc. Natl. Acad. Sci. U.S.A. 95, 12637-12640.

Drancourt, M., Raoult, D.,2005. Palaeomicrobiology: current issues and perspectives.
Nat. Rev. Microbiol. 3, 23-35.

Drancourt, M., Tran-Hung, L., Courtin, J., Lumley, H., Raoult, D., 2005. Bartonella
Quintana in a 4000-year-old human tooth. J. Infect Dis. 191, 607-611.

Drancourt, M., Raoult, D., 2008. Molecular detection of past pathogens. In: Raoult,
D., Drancourt, M. (Eds.), Paleomicrobiology: Past Human Infections. Springer,
Heidelberg, pp. 55-68.


http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0005
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0010
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0015
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0020
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0025
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0030
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0035
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0040
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0045
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0050
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0055
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0060
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0065
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0070
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0075

0. Dutour / International Journal of Paleopathology 3 (2013) 145-149 149

Dutour, O., 2011. La paléopathologie. CTHS, Paris.

Ehrlich, P., Raven, P., 1964. Butterflies and plants: a study in coevolution. Evolution
4, 586-608.

Ferreira, L.F., Aratjo, A.J.G., Confalonieri, U., 1979. Subsidios para a paleoparasitologia
do Brasil: parasitos encontrados em coprélitos no municipio de Unai, MG. An. V
Congr. Soc. Bras. Parasitol., 66.

Ferreira, L.F., Aragjo, AJ.G., Duarte, A.N., 1993. Nematode larvae in fossilized animal
coprolites from lower and middle Pleistocene sites, central Italy. J. Parasitol. 79
(3), 440-442.

Ferreira, L.F., Reinhard, K., Aradjo, A., 2011. Fundamentos da Paleoparasitologia.
Editora Fiocruz, Rio de Janeiro.

Fornaciari, G., Zavaglia, K., Giusti, L., Vultaggio, C., Ciranni, R., 2003. Human papillo-
mavirus in 16th century mummy. Lancet 362, 1160.

Gongalves, M.L.C., Aratjo, AJ.G., Ferreira, L.F., 2003. Human intestinal parasites in
the past: new findings and a review. Mem. Inst. Oswaldo Cruz. 98 (1), 103-118.

Gonzalez, J.P., Guiserix, M., Sauvage, F., Guitton, J.S., Vidal, P., Bahi-Jaber, N., Hechmi
Louzir, H., Pontier, D., 2010. Pathocenosis: a holistic approach to disease ecology.
EcoHealth 7, 237-241.

Grauer, A.L., 2012. A Companion to Paleopathology. Wiley-Blackwell, USA.

Grmek, M.D., 1969. Préliminaire d’'une étude historique des maladies. Ann. ESC 24,
1437-1483.

Guhl, F,, Jaramillo, C., Yockteng, R., Vallejo, G.A., Arroyo, F.C., 1997. Trypanosoma cruzi
DNA in human mummies. Lancet 349, 1370.

Hagelberg, E., Skyes, B., Hedges, R., 1989. Ancient bone DNA amplified. Nature 342,
485

Hanni, C., Laudet, A., Sakka, M., Begue, A., Stehelin, D., 1990. Amplification of mito-
chondrial DNA from ancient human teeth and bones. C. R. Acad. Sci. Paris 111 310,
365-370.

Herrmann, B., Hummel, S., 1994. Ancient DNA: Recovery and Analysis of Genetic
Material from Paleontological, Archaeological, Museum, Medical, and Forensic
Specimens. Springer Verlag, New York.

Iseman, M.D., 2007. Extensively drug-resistant Mycobacterium tuberculosis: Charles
Darwin would understand. Clin. Infect. Dis. 45, 1415-1416.

Kolman, CJ., Centurion-Lara, A., Lukehart, S.A., Owsley, D.W., Tuross, N., 1999. Iden-
tification of Treponema pallidum subspecies pallidum in a 200-year-old skeletal
specimen. J. Infect. Dis. 180, 2060-2063.

Li, H.C,, Fujiyoshi, T., Lou, H., Yashiki, S., Sonoda, S., Cartier, L., Nunez, L., Munoz, 1.,
Horai, S., Tajima, K., 1999. The presence of ancient human T-cell lymphotropic
virus type I provirus DNA in an Andean mummy. Nat. Med., 1428-1432.

Loreille, O., Roumat, E., Verneau, O., Bouchet, F., Hanni, C., 2001. Ancient DNA from
Ascaris: extraction amplification and sequences from eggs collected in copro-
lites. Int. J. Parasitol. 31, 1101-1106.

McMichael, AJ., 2004. Environmental and social influences on emerging infectious
diseases: past, present and future. Philos. Trans. R. Soc. Lond. 359, 1049-1058.

Mpller-Christensen, V., 1972. Osteo-archaeology as a medico-historical auxiliary
science. News Note Queries, 412-418.

Ortner, D.J., 2011. Human skeletal paleopathology. Int. J. Paleopathol. 1, 4-11.

Pddbo, S., 1993. Ancient DNA. Sci. Am., 60-66.

Patz, ]., Confalonieri, U., 2005. Human Health: Ecosystem Regulation of Infectious
Diseases Chapter 14 in Ecosystems and Human Well-being: Current State and
Trends. Millennium Ecosystem Assessment, pp. 391-415.

Pavlovsky, E.N., 1966. Natural Nidality of Transmissible Diseases, with Special Refer-
ence to the Landscape Epidemiology of Zooanthroponose. University of Illinois
Press, Urbana.

Poinar, H.N., Schwarz, C., Qi, J., Shapiro, B., Macphee, R.D.E., Buigues, B., Tikhonov,
A., Huson, D.H., Tomsho, L.P., Auch, A., Rampp, M., Miller, W., Schuster, S.C.,
2006. Metagenomics to paleogenomics: large-scale sequencing of mammoth
DNA. Science 311 (5759), 392-394.

Rafi, A., Spigelman, M., Stanford, J., Lemma, E., Donoghue, H., Zias, J., 1994. DNA of
Mycobacterium leprae detected by PCR in ancient bone. Int. J. Osteoarchaeol. 4,
287-290.

Raoult, D., Dutour, O., Houhamdi, L., Jankauskas, R., Fournier, P.E., Ardagna, Y., Dran-
court, M., Signoli, M., Dang La, V., Macia, Y., Aboudharam, G., 2006. Evidence for
louse-transmitted diseases in soldiers of Napoleon’s grand army in Vilnius. J.
Infect. Dis. 193, 112-120.

Raoult, D., Drancourt, M., 2008. Paleomicrobiology: Past Human Infections. Springer,
Heidelberg.

Raoult, D., Reed, D.L., Dittmar, K., Kirchman, ].J., Rolain, J.M., Guillen, S., Light, J.E.,
2008. Molecular identification of lice from pre-Columbian mummies. J. Infect.
Dis. 197, 535-543.

Reinhard, KJ., 1990. Archaeoparasitology in North America. Am. J. Phys. Anthropol.
82, 145-163.

Reinhard, KJ., 1992. Parasitology as an interpretive tool in archaeology. Am. Antiq.
57 (2),231-245.

Reinhard, K.J., 2007. Pathoecology of two Anasazi villages. In: Reitz, E.J. (Ed.), Case
Studies in Environmental Archaeology., second ed. Plenum Press, New York, pp.
191-210.

Reinhard, KJ., 2008. Parasite pathoecology of chacoan great houses: the healthiest
and wormiest ancestral puebloans. In: Reed, P.F. (Ed.), Chaco’s Northern Prodi-
gies Salmon, Aztec, and the Ascendancy of the Middle San Juan Region After AD
1100. University of Utah Press, Salt Lake City, pp. 86-95.

Reinhard, KJ., Bryant, V.M., 2008. Pathoecology and the future of coprolite stud-
ies. In: Stodder, A.W.M. (Ed.), Reanalysis and Reinterpretation in Southwestern
Bioarchaeology. Arizona State University Press, Tempe, pp. 199-216.

Reinhard, KJ., Aradjo, A., 2013. Synthesizing parasitology with archaeology in
paleopathology. In: Buikstra, J., Roberts, C. (Eds.), The Global History of Pale-
opathology. Oxford University Press, Oxford, pp. 751-764.

Ruffer, M.A,, 1910. Note on the presence of Bilharzia haematobia in Egyptian
mummies of Twentieth Dynasty (1250-1000 BC). Br. Med. J. 1, 16.

Ruffer, M.A., 1913. On pathological lesions found in Coptic bodies (400-500 AD). ].
Pathol. Bact. 18, 149-162.

Ruffer, M.A., 1921. In: Moodie, R. (Ed.), Studies in the Paleopathology of Egypt.
University Press, Chicago.

Sandison, A.T., 1967. Sir Marc Armand Ruffer (1859-1917) pioneer of paleopathol-
ogy. Med. Hist. 11, 150-156.

Shufeldt, R.W., 1893. Notes on Paleopathology. Popul. Sci. Mon., 679-684.

Singer, M., 2010. Pathogen-pathogen interaction: a syndemic model of complex
biosocial processes in disease. Virulence 1 (1), 10-18.

Spigelman, M.N., Lemma, E., 1993. The use of polymerase chain reaction to
detect Mycobacterium tuberculosis in ancient skeletons. Int. J. Osteoarchaeol. 3,
137-143.

Swain, F.M., 1969. Paleomicrobiology. Annu. Rev. Microbiol. 23, 455-472.

Taubenberger, J.K., Reid, A.H., Krafft, A.E., Bijwaard, K.E., Fanning, T.G., 1997. Ini-
tial genetic characterization of the 1918 Spanish influenza virus. Science 275,
1793-1796.

Taylor, G.M., Rutland, P., Molleson, T., 1997. A sensitive polymerase chain reaction
method for the detection of Plasmodium species DNA in ancient human remains.
ANC Biomol. 1, 193-203.

Van Valen, L., 1973. A new evolutionary law. Evol. Theor. 1, 1-30.

Woolhouse, M.E]., Dye, C. (Eds.), 2001. Population biology of emerging and re-
emerging pathogens. Philos. Trans. R. Soc. Biol. Sci. 356, 979-1106.

Woolhouse, M.E., Gowtage-Sequeria, S., 2005. Host range and emerging and
reemerging pathogens. Emerg. Infect Dis. 11 (12), 1842-1847.

Zink, A.R., Reischl, U., Wolf, H., Nerlich, A.G., 2002. Molecular analysis of ancient
microbial infections. FEMS Microbiol. Lett. 213, 141-147.


http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0080
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0080
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0080
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0080
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0085
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0090
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0095
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0100
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0100
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0100
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0100
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0100
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0100
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0100
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0100
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0105
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0110
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0115
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0120
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0120
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0120
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0120
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0120
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0120
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0125
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0130
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0135
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0135
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0135
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0135
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0135
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0135
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0135
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0140
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0145
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0150
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0155
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0160
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0165
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0170
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0175
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0180
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0185
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0185
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0185
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0185
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0185
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0185
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0185
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0190
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0195
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0200
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0205
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0210
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0215
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0215
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0215
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0215
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0215
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0215
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0220
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0225
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0230
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0235
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0240
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0245
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0250
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0255
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0260
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0265
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0270
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0275
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0280
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0285
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0290
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0290
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0290
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0290
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0290
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0290
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0290
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0290
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0295
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0300
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0305
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0310
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0315
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320
http://refhub.elsevier.com/S1879-9817(13)00093-4/sbref0320

	Paleoparasitology and paleopathology. Synergies for reconstructing the past of human infectious diseases and their pathoce...
	1 Introduction
	2 Paleopathology and paleoparasitology as “sister” sciences
	3 Paleomicrobiology as a new arrival
	4 Human–pathogen relation as a whole
	5 In conclusion, Darwin, as always
	Acknowledgments
	References


