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Abstract

The microbiota is a hot topic of research in medical microbiology, boosted by
culturomics and metagenomics, with unanticipated knowledge outputs in physiology
and pathology. Knowledge of the microbiota in ancient populations may therefore be
of prime interest in understanding factors shaping the coevolution of the microbiota
and populations. Studies on ancient human microbiomes can help us understand
how the community of microorganisms presents in the oral cavity and the gut was
shaped during the evolution of our species and what environmental, social or cultural
changes may have changed it. This review cumulates and summarizes the
discoveries in the field of the ancient human microbiota, focusing on the remains

used as samples and techniques used to handle and analyze them.

Keywords
Coprolite; dental calculus; microbiome; microbiota; mummified tissue;

paleomicrobiology; paleogenomics; paleoproteomics.
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1. Introduction

In the last 20 years, there has been an exponential increase in interest in the
microbiome and its effect on human health. We currently know that the microbiome
plays a fundamental role in the host via the development, maintenance and priming
of the immune system [1-3], defense against pathogens [4,5], metabolism, digestion
and the production of vitamins [6]. Furthermore, slight modification of the bacterial
equilibrium of the microbiome (dysbiosis) due to changes in diet, physical exercise or
antibiotic treatments can lead to major consequences for the host [7—11]. Recent
studies have focused their attention on the composition of the microbiome of our
ancestors and its evolution throughout history. Particular attention was given to the
periods of major revolutions in human lifestyles, such as the Neolithization process
(debuted 12,000 years BCE [12]) and the industrialization period (1760-1840 CE).
With the Neolithization process, we observed the transition from a nomadic hunter-
gatherer diet characterized by the consumption of only wild and unprocessed food
foraged and hunted from the environment [13] to a sedentary one based on
agriculture and livestock. Then the industrialization period arose the advent of
modern sanitation and Western diet, characterized by food that has been processed

and modified and has a low quantity of vegetables and fibers [14-16].

In the literature, there is some confusion about the definition of the terms
“microbiota” and “microbiome” and are often used interchangeably. The term
“microbiota” refers to all the microbial taxa associated with the host [17], while
“microbiome” can refer to “the ecological community of commensal, symbiotic, and

pathogenic microorganisms that literally share our body space and have been all but
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ignored as determinants of health and disease” [18] or to “the collective genome of

our indigenous microbes” [19].

Diets of past and present human populations are very variable and mostly depend
on resource availability and ecological settings [20]. Comparative studies on the
microbiota among human populations with different dietary habits have shown how
differences in diet are reflected in differences in the microbiota composition [14,16].
For instance, De Filippo and colleagues [21] showed how children from urban
Europe, with a modern Western diet, and children from rural Africa, with a diet very
high in fibers, present differences in microbiota composition that can be attributed to
an evolutionary adaptation to the diet composition, allowing each population to
maximize the nutritional value of each diet. Other studies on mouse models have
shown how changing diet correlated with changes in the microbial composition of the
gut microbiota [22]. Moreover, Groussin et al. [23] demonstrated how microbiota
composition reconstructed from ancient mammal remains could be used to
reconstruct ancient diets of these animals and that information about dietary shift can
be recorded by the gut microbiome. For these reasons, ancient microbiota studies
are not restricted to the microbial diversity and composition of the ancient remains
but also to the dietary information that is preserved inside these specimens. The first
study to target the ancient DNA of multiple species of bacteria on human remains
was conducted by Ubaldi et al, analyzing the gut microbiome from the colon of a
mummy recovered in Cuzco, Peru, that dated back to the 10th-11th century CE [24].
Following by many other PCR-based studies on coprolites and mummified samples
[25-27]. In 2008, Tito et al. performed the first study on an ancient microbiota using
NGS techniques, and from that point, the number of ancient microbiome analyses

multiplied [28].
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Retrieving information on ancient human microbiomes is not easy and is strictly
dependent on the availability of suitable samples for the analysis. Dental calculus
and coprolite are the only two human remains that persist long enough to be used for
these studies, with the exceptions of frozen and mummified tissues [29]. In this
review, we will present the remains used as starting samples for ancient human

microbiota studies and the methods used to retrieve this information.
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2. Literature search strategy and terminology use
All the papers used for this review were obtained from PubMed and Google Scholar.
The keywords used alone or in combination for the search were “paleomicrobiology”,

“ancient”, “human”, “paleo”, “microbiota”, “microbiome”, “oral”, “dental calculus”,

gut”,

intestinal”, “feces”, “faeces”, “paleofeces”, “paleofaeces”, “coprolite”, “latrines”,
“‘mummy”; “mummified”, “tissue”, “metagenomic”, “shotgun”, and “proteomics”.

Only studies written in English and on samples of human origin that targeted multiple
species from the digestive tract microbiota of the host were considered. The results
of this bibliographical research are shown in Table 1 (last search March 2021).

As described in the introduction section, the two terms “microbiota” and “microbiome”
are often used interchangeably, and since a discussion on the terminology was not

one of the purposes of this review, we used the two terms as synonyms, following

the definition given by Lederberg [18].
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Contamination prevention and authentication

Paleomicrobiological studies on ancient molecules must follow standard protocols to
avoid modern exogenous contamination and ensure the authenticity of the results
[30]. Contaminating molecules can come from the burial site, handling, transport,
storage, and laboratory environments; from the materials and instruments used
during the analysis; and from the operators at each step of the study [31,32].
Regardless of the starting sample type, all the steps of the analysis of ancient
molecules must be performed in a dedicated clean hood and laboratory, ideally
exclusively dedicated to work on ancient remains, excluding any positive controls,
and including several negative controls that should be handled strictly in parallel with
investigated samples [31]. Authentication of ancient DNA can be performed by
checking for fragmentation (ancient DNA rarely exceeds 200-300 bp length) [33,34]
and degradation (e.g., assessing the PCR success related to the size of the
amplicon of a selected DNA sequence) [33]. Multiple bioinformatics tools can
contribute to the authentication of ancient molecules. Software like MapDamage 2.0
[35,36] quantify the patterns of damage in NGS datasets generated from ancient
DNA and therefore help differentiate endogenous from exogenous/contaminating
DNA. Other tools like SourceTracker [33,37] estimate the proportion of DNA
sequences that come from the source environments to determine whether the
reconstructed microbial communities observed are endogenous to the samples.
Moreover, directly comparing the DNA sequences obtained from different tissues
with those from soil from the site where samples have been collected through

bioinformatic analysis may facilitate the interpretation of the data [34].
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3. Ancient Oral Cavity Microbiota.

3.1. Dental calculus

Dental calculus, or tartar, is a mineralized bacterial biofilm that forms on the teeth as
a result of the action of bacteria and saliva in the oral cavity and is very common in
adults without active dental hygiene [29]. Dental calculus presents some
characteristics that make it the most reliable source for information about the oral
microbiota. It is common and relatively abundant in archaeological sites; it has the
capability to preserve ancient biomolecules, avoiding environmental contaminants;
and it contains a high quantity of DNA originating from the oral microbiome
[29,38,39]. In fact, it can be found on teeth in all past and present human populations
and can survive for thousands and even millions of years. Accordingly, dental
calculus remains were obtained from a 12-8 million-year-old fossil of the ape

Sivapithecus [40].

Geographical distribution of the specimens analyzed for the oral microbiota are

represented in Figure 1.

3.1.1. Analysis of ancient DNA from dental calculus.

After the recent confirmation of the presence and abundance of DNA in dental
calculus [41], multiple studies have successfully extracted and analyzed DNA
sequences from this type of sample. Different protocols have been applied for DNA
extraction in the past. In general, it is very similar to apply the extraction methods
used for other types of samples, such as bones and teeth, with a “lysis step” followed
by a “purification step”. The lysis step usually relies on decalcification through
ethylenediaminetetraacetic acid (EDTA) with or without Tris-HCI and protein

digestion using proteinase K with or without sodium-dodecyl-sulfate (SDS), with a
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variable incubation time and temperature (usually 24 h at 56 °C) [38,42—46].
Occasionally, in the lysis step, Tris-HCI and SDS are added to the sample to improve
decalcification and protein digestion [38,47]. After the lysis step, purification of DNA
is performed using the phenol:chloroform:isoamyl alcohol (25:24:1) method [47]
preferentially followed by Qiagen MinElute column purification [38,43,45,46] or using
commercial kits for DNA purification, such as the EZ1 DNA tissue kit (Qiagen)
[44,48] and QlIAamp DNA Investigator Kit (Qiagen) [42]. It is also possible to use an

in-house silica-based method for the extraction and purification of ancient DNA [20].

Polymerase chain reaction (PCR) amplification and subsequent sequencing can be
used to analyze DNA sequences specific for microorganisms from the oral microbial
community. PCR primers were specifically designed for five species of bacteria,
Actinomyces naeslundii, Fusobacterium nucleatum, Porphyromonas gingivalis,
Streptococcus gordonii and Streptococcus mutans, by De La Fuente et al. [47],
which were detected in dental calculus from 4,000-year-old to modern samples.
Specific primers are useful for the identification of single species of microorganisms,
such as pathogens or common microbes of the oral microbiota; to determine the

conservation of DNA in the sample; and to study specific genes [49].

The amplification of a conserved bacterial region of the 16S ribosomal RNA (16S
rRNA) gene and subsequent high-throughput sequencing yields information about
the diversity of bacteria present in the samples, describing the bacterial community
of the ancient oral microbiota [20,38,42,50,51]. Using this method, it is possible to
identify hundreds of species with a single PCR amplification [49]. Adler et al. [42]
used the results of high-throughput sequencing to compare the bacteria present in

the oral cavity of Mesolithic, Neolithic, Bronze Age, medieval and modern individuals,
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reporting a reduction in the bacterial diversity and a shift toward cariogenic bacterial
dominance after medieval times, concomitant with the industrial revolution [42].
Following the same principle, regions conserved among any organism of interest can
be amplified. PCR sequencing of 16S rRNA and methyl coenzyme M reductase
(mcrA) genes was used to detect and describe the methanogen community present
in the oral human microbiota, allowing the identification of multiple archaea, such as
Candidatus Methanobrevibacter sp. N13, Methanobrevibacter oralis and
Methanoculleus bourgensis [44]. Unfortunately, this approach has limited
applicability when the aDNA is known to be highly degraded and fragmented or
when the targeted region contains extensive length polymorphisms that induce a

bias toward taxa with the shortest amplicon lengths [43].

In contrast to targeted gene amplification, shotgun sequencing allows the
sequencing of random DNA fragments present in the sample independently of their
origin (eukarya, bacteria, archaea, and viruses), overcoming targeted sequencing
problems [38,43]. This approach allows the analysis of all the sequences inside the
sample at the same time without any prior knowledge, providing both taxonomic and
functional information [49]. Shotgun metagenomics applied to ancient human dental
calculus allowed the characterization of the oral microbiota from multiple
archaeological sites [20,38,39], providing information about antibiotic resistance and
metabolic functions of ancient bacteria [20,38]. Data obtained with this approach
showed a possible correlation between behavior, diet, and health and the oral
microbiota composition of two populations of European Neanderthals [20]. This
finding suggested a central role of meat consumption in early hominid microbiota
composition and that the repertoire of microorganisms preserved in dental calculus

could be used to derive the dietary behavior of ancient populations by comparing the

10
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shotgun data obtained to those obtained for other ancient calculus specimens from
populations with a known diet. Moreover, the shotgun metagenomic approach also
allowed the reconstruction of draft genomes of organisms present in ancient dental
calculus, such as the bacterium Tannerella forsythia [38] and the archaeon

Methanobrevibacter oralis [20].

3.1.2. Analysis of ancient protein from dental calculus.

Similar to shotgun metagenomics for nucleotides, shotgun proteomics allows the
detection and study of extracted peptides from ancient human dental calculus [52].
Despite the better preservation capability of proteins than DNA molecules, proteomic
approaches are relatively new in the field of paleomicrobiology, providing valuable
information about the diet, microbiota function and composition, host health and
immune response [53,54].Warriner and colleagues showed how tandem mass
spectrometry (MS/MS) used for shotgun proteomics can produce information about
the presence of bacterial species-specific proteins, virulence factors, and antigenic
proteins, as well as human immune response proteins (antimicrobial gene products)
[38,55]. In addition, it has been shown that mass spectrometry for proteomic analysis
can be used to describe the oral human metabolome (the collection of all the low-
weight metabolites produced by metabolism [46]), providing important information
about salivary and microbiome-related proteins [46] and dietary information from

ancient populations [56,57].

3.1.3. Microscopical analysis on dental calculus.

Microscopic analysis of dental calculus allowed the detection of aliments and the
presence of calcified microorganisms [58,59]. Examination through scanning

electron microscopy (SEM) can be performed without treating the sample, allowing

11
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complete preservation [60], while optical microscopy and transmission electron
microscopy (TEM) need a pretreatment to be performed that partially or completely
disrupts the sample [60]. For SEM, a preliminary step for the decalcification of the
sample is performed using hydrochloric acid (HCI) at different concentrations [38,61].
For TEM, ancient samples follow routine procedure, with treatment with osmium
tetroxide fixative and epoxy resin embedding [41]. Optical microscopy can be used to
distinguish between gram-positive and gram-negative bacteria [38,60,62]. Optical
and electron microscopy usually do not allow the identification of species but can
provide important pieces of information about the presence, dimension and shape of
microorganisms in the samples [59]. Microscopic analysis can also be used for
biomolecular investigations, using gold-labeled antibody TEM to detect the presence
of DNA [41]; fluorescence microscopy and polyclonal antibodies for the identification
of specific bacteria, such as Streptococcus mutans [62]; and fluorescent in situ
hybridization (FISH) to reveal archaea, such as Candidatus Methanobrevibacter sp.

[44].

3.2. Other sources of ancient oral microbiota.

Despite the vast majority of studies on ancient oral microbiota have been performed
on dental calculus, some authors tried to think outside of the box obtaining
interesting results. In 2019, Jensen and colleagues analyzed a chewed birch pitch
from Denmark dated to 5,700 years ago and revealed the presence of preserved
DNA material. Starting from this specimen, they reconstructed a complete ancient
human genome and identified microbial DNA sequences that reflected the oral

microbiome of the person who chewed the pitch [63]. This work highlighted the
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potential utility of chewed birch pitch in the field of paleomicrobiology for the study of

ancient microbiota.

Moreover, the analysis of buccal swabs from Inca mummies through shotgun
proteomics analysis was used to describe active states of infection on an individual
at the time of death by providing information on the immune response and potentially

on the pathogens present when combined with DNA amplification [64].

4. Ancient Gut Microbiota.

4.1. Coprolites and palaeofaeces.

The primary sources for information about the ancient gut microbiota are coprolites,
which are “any formed fecal mass remains, including mineralized, desiccated, or
frozen feces and even the intestinal contents of mummies” [65]. These remains can
be preserved for thousands or even millions of years [66], providing information
about the gut microbiota components, the presence of pathogens and the diet of
past human and animal populations [67]. In fact, traces of aliments consumed by the
host, such as bones of small animals, feathers, seafood shells, and plant seeds, are
commonly found in coprolites [65,68—71]. Moreover, it is possible to correlate the

presence of animal parasites with the diet of an ancient population [70,72,73].

4.1.1. Molecular analysis on coprolites.

DNA analysis can potentially produce additional information about the complete set
of species inside the coprolite and the evolution of these organisms. To reduce
environmental contamination, extraction of DNA is performed on the core of the
coprolites after the removal of a few millimeters (3 mm - 1 cm) of coprolite surface.

Multiple protocols and commercial kits are available for DNA extraction from fecal

13



263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

and soil samples and are also used on ancient samples, e.g., UltraClean Fecal DNA
Isolation Kit (MOBIO) [33] and PowerSoil® DNA Isolation Kit (MOBIO) [70,72-74].
Protocol specific for coprolites that does not require commercial kits have also been
developed, such as the one from Kuch et al. [75]. In 2019, Hagan and colleagues
tested the efficacy of 5 different methods for DNA extraction from ancient fecal
material [36], indicating that despite every tested method being valuable, methods
used for modern microbiota analysis recovered less DNA than methods developed

and optimized for ancient bone material [39,76].

Massive sequencing of specific amplified regions of the DNA, such as 16S rDNA,
provided information about the prokaryotic community inside the coprolite [34,70,74].
The same approach can be used for the eukaryotic community, e.g., by using
primers that target the 18S ribosomal DNA (18S rDNA) or Internal transcribed spacer
(ITS) region for fungal diversity [70,74]. Whole-genome shotgun sequencing does
not require previous amplification of the DNA and gives information on the entirety of
DNA sequences present in the sample, allowing both taxonomic and functional
characterization [28,34,73,77]. Furthermore, pathogen DNA sequences, including
those of Clostridium botulinum, Trypanosoma cruzi and human papillomaviruses
(HPVs) [34], as well as drug resistance genes [34,77], are detected. Moreover, viral

metagenomes from coprolites have been described [72,78].

4.1.2. Microscopic and immunoassay analysis on coprolites.

Rehydration of samples is the preliminary step for subsequent microscopic analysis.
Different protocols have been developed for coprolite rehydration [79]. These
protocols all rely on using 0.5% trisodium phosphate (NaszPQO4) aqueous solution

sometimes complemented with 5% glycerinated water and formalin (Le Bailly 2010)

14
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or hydrochloric acid (HCI) to dissolve the calcium carbonates [80]. This step can last
from 24 h to one week [81,82] and can be combined with a sedimentation step
[68,73,77]. Microscopic analysis allows the identification of multicellular parasites,
such as helminth eggs [73,77,83]; protozoan cysts [84—86]; and food traces [87,88].
Parasite identification relies on morphometric characterization with light and electron
microscopy, which is based on the experience and ability of the operator. Cases
have been reported in which pollen grains, which are morphologically similar to
pinworm eggs, have been confused for parasitic eggs [89]. The use of confocal laser
scanning microscopy (CLSM) has been revealed to be a powerful tool for the
identification of parasites in coprolites. This technique allows better morphological
identification, detects intrinsic autofluorescent molecules and has the great
advantage of being less destructive to the specimen, allowing further analyses to be
performed (e.g., molecular analysis) on the same specimen [90]. Moreover,
immunofluorescence assays (IFAs) or enzyme-linked immunosorbent assays
(ELISAs) have been used for the detection of intestinal protozoa, such as Giardia
spp. [84,91-95], Cryptosporidium spp. [84,95,96], and Entamoeba histolytica [93—

95,97,98].

4.1.3. Culture-dependent analysis on coprolites.

Finally, a culture-dependent investigation was performed on a 14th-century coprolite
found in Belgium in parallel to a metagenomic analysis [77]. A portion from the inner
part of the coprolite was inoculated into Schaedler and R2A liquid and solid culture
media and maintained for several days at 30 °C under various atmospheres created
using gas-generating pouch systems (BD Gas PakTM EZ). Small colonies were

observable after 10 days of incubation, and ten different bacterial species
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(Paenibacillus macerans, Bacillus jeotgali, Staphylococcus pasteuri, Staphylococcus
epidermidis, Staphylococcus cohnii, Micrococcus luteus, Pseudomonas geniculate,
Stenotrophomonas maltophilia, Bacillus horti and Clostridium magnum) were
identified by matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS) and 16S rRNA gene sequencing. Additionally, a
portion from the inner part of the coprolite was cultured in BD BACTEC, Lytic/10
Anaerobic and Aerobic bottles enriched with 7 mL of defibrinated sheep blood and
incubated at 37 °C. After two days, cultures were diluted and plated onto COS
culture plates (bioMérieux) and reincubated at 37 °C under different atmospheres.
Eight different bacterial species, Rhodanobacter sp. organism, Paenibacillus sp.
organism, Paenibacillus macerans, Paenibacillus thiaminolyticus, Paenibacillus
ehimensis, Staphylococcus arlettae, Propionibacterium acnes and Enterobacter
cloacae, were isolated and identified from the blood-enriched cultures using MALDI-

TOF-MS and 16S rRNA gene sequencing.

4.2. Mummified tissues.

Other than coprolites, natural and artificial mummified tissues are also valuable
sources for ancient human microbiota studies. DNA, proteins, and even entire
parasites (eggs, larvae, and adults) have been found in mummified tissues. Well-
preserved mummies offer the rare possibility to study microbiota both inside and
outside of the digestive tract, allowing the identification of specific pathogens of
certain organs, i.e., Helicobacter pylori [99], and even compare the microbial
communities present in different organs from the same individual [25]. Mummified
tissues from the digestive tract are used for the identification of the microbial

community of the gut, stomach, and oral cavity. Similar to the methods used for
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coprolite analysis, mummified tissues can be analyzed for parasite and protozoan
detection through microscopy. The rehydration step can be performed following the
same methods used for coprolites with trisodium phosphate [79] or with a solution of

potassium hydroxide at 4-7% [79,100].

Techniques of 16S rRNA gene high-throughput sequencing and metagenomics
performed on mummified digestive tract tissues were used for the characterization of
ancient microbiota. The presence of DNA sequences homologous to many
organisms of medical interest were also detected, such as Clostridium botulinum,
Trypanosoma cruzi, HPVs, Pseudomonas spp., and Leishmania donovani
[24,101,102]. The genomes of 5,300-year-old Helicobacter pylori [99], Clostridium
perfringens, Clostridium sp. Ade.TY, Clostridium algidicarnis, and Pseudomonas
veronii [102] were reconstructed and used for phylogenetic analysis to study the
evolution of these organisms. Moreover, metagenomic analysis allowed the
identification of sequences homologous to bacteriophages [103], metabolic profiles
[101], multiple sequences associated with antibiotic resistance and virulence-related
genes in old mummified gut tissues [34,102,104]. Data obtained from mummified gut

remains could also potentially be used to infer ancient dietary habits [104].

Organs connected to the digestive tract have been studied using microscopy or
DNA-related techniques for the presence of pathogens and parasites: studies on
gallbladder samples detected Clonorchis sinensis [105], Mycobacterium tuberculosis

[106]; studies on liver samples detected hepatitis B virus [107].

Geographical distribution of the specimens analyzed for the gut microbiota are

represented in figure 1.
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5. Perspectives

We have just begun to understand the relationships between diet, health,
pathological conditions, and the composition of our microbiota, but it is clear that the
gut microbiota plays a role in the health and disease conditions of humans. This
explains the strong interest in medical research for this subject. Combining modern
techniques and protocols used in the field of paleomicrobiology for the analysis and
the extraction of data from ancient human remains, we can study the past of
humankind and its microbiota. An evolutionary framework that leads us to
understand how these changes in human lifestyle have influenced changes in the
microbiota can be built through the comparison of the microbiota composition among
different eras and with data on the microbiota in the modern world. Studies on the
microbiota of our ancestors can help us describe the evolutionary path that led
humans and their microbiota to where we are now, revealing how changes in diet,
innovations in modern medicine, hygiene, and antibiotics have changed the
composition and, therefore, how the characteristics of our microbiota have shaped

humans as a species.

18



374

375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]
[15]
[16]
[17]
[18]

[19]

N. Kamada, S.-U. Seo, G.Y. Chen, G. Nufiez, Role of the gut microbiota in immunity
and inflammatory disease, Nat Rev Immunol. 13 (2013) 321-335.
https://doi.org/10.1038/nri3430.

Y. Belkaid, O.J. Harrison, Homeostatic immunity and the microbiota, Immunity. 46
(2017) 562-576.

S. Sanna, N.R. van Zuydam, A. Mahajan, A. Kurilshikov, A.V. Vila, U. Vésa, Z.
Mujagic, A.A. Masclee, D.M. Jonkers, M. Oosting, Causal relationships among the gut
microbiome, short-chain fatty acids and metabolic diseases, Nature Genetics. 51
(2019) 600-605.

T. Ichinohe, I.LK. Pang, Y. Kumamoto, D.R. Peaper, J.H. Ho, T.S. Murray, A. lwasaki,
Microbiota regulates immune defense against respiratory tract influenza A virus
infection, Proceedings of the National Academy of Sciences. 108 (2011) 5354—-5359.
J.M. Pickard, M.Y. Zeng, R. Caruso, G. Nufiez, Gut microbiota: Role in pathogen
colonization, immune responses, and inflammatory disease, Immunological Reviews.
279 (2017) 70-89.

I. Rowland, G. Gibson, A. Heinken, K. Scott, J. Swann, I. Thiele, K. Tuohy, Gut
microbiota functions: metabolism of nutrients and other food components, European
Journal of Nutrition. 57 (2018) 1-24.

L. Dethlefsen, S. Huse, M.L. Sogin, D.A. Relman, The pervasive effects of an
antibiotic on the human gut microbiota, as revealed by deep 16S rRNA sequencing,
PLoS Biol. 6 (2008) e280. https://doi.org/10.1371/journal.pbio.0060280.

M.T. Alou, J.-C. Lagier, D. Raoult, Diet influence on the gut microbiota and dysbiosis
related to nutritional disorders, Human Microbiome Journal. 1 (2016) 3—11.

M.P. Francino, Antibiotics and the human gut microbiome: dysbioses and
accumulation of resistances, Frontiers in Microbiology. 6 (2016) 1543.

V. Monda, I. Villano, A. Messina, A. Valenzano, T. Esposito, F. Moscatelli, A.
Viggiano, G. Cibelli, S. Chieffi, M. Monda, Exercise modifies the gut microbiota with
positive health effects, Oxidative Medicine and Cellular Longevity. 2017 (2017).

R.K. Singh, H.-W. Chang, D. Yan, K.M. Lee, D. Ucmak, K. Wong, M. Abrouk, B.
Farahnik, M. Nakamura, T.H. Zhu, Influence of diet on the gut microbiome and
implications for human health, Journal of Translational Medicine. 15 (2017) 73.

A. Eddine, R.G. Rocha, N. Mostefai, Y. Karssene, K. De Smet, J.C. Brito, D. Klees, C.
Nowak, B. Cocchiararo, S. Lopes, P. van der Leer, R. Godinho, Demographic
expansion of an African opportunistic carnivore during the Neolithic revolution, Biology
Letters. 16 (2020) 20190560. https://doi.org/10.1098/rsbl.2019.0560.

J.H. O’Keefe, L. Cordain, Cardiovascular disease resulting from a diet and lifestyle at
odds with our Paleolithic genome: how to become a 21st-century hunter-gatherer,
Mayo Clin Proc. 79 (2004) 101-108. https://doi.org/10.4065/79.1.101.

K.M. Maslowski, C.R. Mackay, Diet, gut microbiota and immune responses, Nature
Immunology. 12 (2011) 5-9.

L.T. Stiemsma, L.A. Reynolds, S.E. Turvey, B.B. Finlay, The hygiene hypothesis:
current perspectives and future therapies, ImmunoTargets and Therapy. 4 (2015) 143.
L. Moles, D. Otaegui, The Impact of Diet on Microbiota Evolution and Human Health.
Is Diet an Adequate Tool for Microbiota Modulation?, Nutrients. 12 (2020) 1654.

L.K. Ursell, J.L. Metcalf, L.W. Parfrey, R. Knight, Defining the human microbiome,
Nutrition Reviews. 70 (2012) S38-S44.

J. Lederberg, A.T. McCray, Ome SweetOmics--A genealogical treasury of words, The
Scientist. 15 (2001) 8-8.

L.V. Hooper, J.I. Gordon, Commensal host-bacterial relationships in the gut, Science.
292 (2001) 1115-1118.

19



425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]
[31]

[32]

[33]

[34]

[35]

[36]

L.S. Weyrich, S. Duchene, J. Soubrier, L. Arriola, B. Llamas, J. Breen, A.G. Morris,
K.W. Alt, D. Caramelli, V. Dresely, Neanderthal behaviour, diet, and disease inferred
from ancient DNA in dental calculus, Nature. 544 (2017) 357-361.

C. De Filippo, D. Cavalieri, M. Di Paola, M. Ramazzotti, J.B. Poullet, S. Massart, S.
Collini, G. Pieraccini, P. Lionetti, Impact of diet in shaping gut microbiota revealed by a
comparative study in children from Europe and rural Africa, Proceedings of the
National Academy of Sciences. 107 (2010) 14691-14696.

P.J. Turnbaugh, M. Hamady, T. Yatsunenko, B.L. Cantarel, A. Duncan, R.E. Ley, M.L.
Sogin, W.J. Jones, B.A. Roe, J.P. Affourtit, A core gut microbiome in obese and lean
twins, Nature. 457 (2009) 480—484.

M. Groussin, F. Mazel, J.G. Sanders, C.S. Smillie, S. Lavergne, W. Thuiller, E.J. Alm,
Unraveling the processes shaping mammalian gut microbiomes over evolutionary
time, Nature Communications. 8 (2017) 1-12.

M. Ubaldi, S. Luciani, I. Marota, G. Fornaciari, R.J. Cano, F. Rollo, Sequence analysis
of bacterial DNA in the colon of an Andean mummy, American Journal of Physical
Anthropology: The Official Publication of the American Association of Physical
Anthropologists. 107 (1998) 285—-295.

R.J. Cano, F. Tiefenbrunner, M. Ubaldi, C. Del Cueto, S. Luciani, T. Cox, P. Orkand,
K.H. Kiinzel, F. Rollo, Sequence analysis of bacterial DNA in the colon and stomach
of the Tyrolean lceman, American Journal of Physical Anthropology: The Official
Publication of the American Association of Physical Anthropologists. 112 (2000) 297-
309.

S. Luciani, G. Fornaciari, O. Rickards, C.M. Labarga, F. Rollo, Molecular
characterization of a pre-Columbian mummy and in situ coprolite, American Journal of
Physical Anthropology. 129 (2006) 620—629. https://doi.org/10.1002/ajpa.20314.

F. Rollo, S. Luciani, I. Marota, C. Olivieri, L. Ermini, Persistence and decay of the
intestinal microbiota’s DNA in glacier mummies from the Alps, Journal of
Archaeological Science. 34 (2007) 1294—1305.
https://doi.org/10.1016/j.jas.2006.10.019.

R.Y. Tito, S. Macmil, G. Wiley, F. Najar, L. Cleeland, C. Qu, P. Wang, F. Romagne, S.
Leonard, A.J. Ruiz, K. Reinhard, B.A. Roe, C.M.L. Jr, Phylotyping and Functional
Analysis of Two Ancient Human Microbiomes, PLOS ONE. 3 (2008) e3703.
https://doi.org/10.1371/journal.pone.0003703.

C. Warinner, C. Speller, M.J. Collins, C.M. Lewis Jr, Ancient human microbiomes,
Journal of Human Evolution. 79 (2015) 125—-136.

A. Cooper, H.N. Poinar, Ancient DNA: do it right or not at all, Science. 289 (2000)
1139. https://doi.org/10.1126/science.289.5482.1139b.

M. Drancourt, D. Raoult, Palaeomicrobiology: current issues and perspectives, Nature
Reviews Microbiology. 3 (2005) 23-35. https://doi.org/10.1038/nrmicro1063.

D.Y. Yang, K. Watt, Contamination controls when preparing archaeological remains
for ancient DNA analysis, Journal of Archaeological Science. 32 (2005) 331-336.
https://doi.org/10.1016/j.jas.2004.09.008.

R.Y. Tito, D. Knights, J. Metcalf, A.J. Obregon-Tito, L. Cleeland, F. Najar, B. Roe, K.
Reinhard, K. Sobolik, S. Belknap, M. Foster, P. Spicer, R. Knight, C.M.L. Jr, Insights
from Characterizing Extinct Human Gut Microbiomes, PLOS ONE. 7 (2012) e51146.
https://doi.org/10.1371/journal.pone.0051146.

T.M. Santiago-Rodriguez, G. Fornaciari, S. Luciani, S.E. Dowd, G.A. Toranzos, |.
Marota, R.J. Cano, Gut microbiome of an 11 th century AD Pre-Columbian Andean
mummy, PloS One. 10 (2015) e0138135.

H. Jénsson, A. Ginolhac, M. Schubert, P.L.F. Johnson, L. Orlando, mapDamage?2.0:
fast approximate Bayesian estimates of ancient DNA damage parameters,
Bioinformatics. 29 (2013) 1682—1684. https://doi.org/10.1093/bioinformatics/btt193.
R.W. Hagan, C.A. Hofman, A. Hlbner, K. Reinhard, S. Schnorr, C.M. Lewis Jr, K.
Sankaranarayanan, C.G. Warinner, Comparison of extraction methods for recovering

20



479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

ancient microbial DNA from paleofeces, American Journal of Physical Anthropology.
171 (2020) 275-284.

D. Knights, J. Kuczynski, E.S. Charlson, J. Zaneveld, M.C. Mozer, R.G. Collman, F.D.
Bushman, R. Knight, S.T. Kelley, Bayesian community-wide culture-independent
microbial source tracking, Nature Methods. 8 (2011) 761-763.
https://doi.org/10.1038/nmeth.1650.

C. Warinner, J.F.M. Rodrigues, R. Vyas, C. Trachsel, N. Shved, J. Grossmann, A.
Radini, Y. Hancock, R.Y. Tito, S. Fiddyment, C. Speller, J. Hendy, S. Charlton, H.U.
Luder, D.C. Salazar-Garcia, E. Eppler, R. Seiler, L.H. Hansen, J.A.S. Castruita, S.
Barkow-Oesterreicher, K.Y. Teoh, C.D. Kelstrup, J.V. Olsen, P. Nanni, T. Kawai, E.
Willerslev, C. von Mering, C.M. Lewis, M.J. Collins, M.T.P. Gilbert, F. Rahli, E.
Cappellini, Pathogens and host immunity in the ancient human oral cavity, Nature
Genetics. 46 (2014) 336—344. https://doi.org/10.1038/ng.2906.

A.E. Mann, S. Sabin, K. Ziesemer, A.J. Vagene, H. Schroeder, A.T. Ozga, K.
Sankaranarayanan, C.A. Hofman, J.A. Fellows Yates, D.C. Salazar-Garcia, B.
Frohlich, M. Aldenderfer, M. Hoogland, C. Read, G.R. Milner, A.C. Stone, C.M. Lewis,
J. Krause, C. Hofman, K.I. Bos, C. Warinner, Differential preservation of endogenous
human and microbial DNA in dental calculus and dentin, Scientific Reports. 8 (2018)
9822. https://doi.org/10.1038/s41598-018-28091-9.

|. Hershkovitz, J. Kelly, B. Latimer, B.M. Rothschild, S. Simpson, J. Polak, M.
Rosenberg, Oral bacteria in miocene Sivapithecus, J Hum Evol. 33 (1997) 507-512.
https://doi.org/10.1006/jhev.1997.0149.

H.R. Preus, O.J. Marvik, K.A. Selvig, P. Bennike, Ancient bacterial DNA (aDNA) in
dental calculus from archaeological human remains, Journal of Archaeological
Science. 38 (2011) 1827—-1831. https://doi.org/10.1016/j.jas.2011.03.020.

C.J. Adler, K. Dobney, L.S. Weyrich, J. Kaidonis, AW. Walker, W. Haak, C.J.A.
Bradshaw, G. Townsend, A. Sottysiak, K.W. Alt, J. Parkhill, A. Cooper, Sequencing
ancient calcified dental plague shows changes in oral microbiota with dietary shifts of
the Neolithic and Industrial revolutions, Nat Genet. 45 (2013) 450455, 455e1.
https://doi.org/10.1038/ng.2536.

K.A. Ziesemer, A.E. Mann, K. Sankaranarayanan, H. Schroeder, A.T. Ozga, B.W.
Brandt, E. Zaura, A. Waters-Rist, M. Hoogland, D.C. Salazar-Garcia, M. Aldenderfer,
C. Speller, J. Hendy, D.A. Weston, S.J. MacDonald, G.H. Thomas, M.J. Collins, C.M.
Lewis, C. Hofman, C. Warinner, Intrinsic challenges in ancient microbiome
reconstruction using 16S rRNA gene amplification, Sci Rep. 5 (2015) 16498.
https://doi.org/10.1038/srep16498.

H.T.T. Huynh, V.D. Nkamga, M. Signoli, S. Tzortzis, R. Pinguet, G. Audoly, G.
Aboudharam, M. Drancourt, Restricted diversity of dental calculus methanogens over
five centuries, France, Sci Rep. 6 (2016) 25775. https://doi.org/10.1038/srep25775.
A.T. Ozga, M.A. Nieves-Colon, T.P. Honap, K. Sankaranarayanan, C.A. Hofman, G.R.
Milner, C.M. Lewis, A.C. Stone, C. Warinner, Successful enrichment and recovery of
whole mitochondrial genomes from ancient human dental calculus, Am J Phys
Anthropol. 160 (2016) 220—228. https://doi.org/10.1002/ajpa.22960.

[.M. Velsko, K.A. Overmyer, C. Speller, L. Klaus, M.J. Collins, L. Loe, L.A.F. Frantz, K.
Sankaranarayanan, C.M. Lewis, J.B.R. Martinez, E. Chaves, J.J. Coon, G. Larson, C.
Warinner, The dental calculus metabolome in modern and historic samples,
Metabolomics. 13 (2017) 134. https://doi.org/10.1007/s11306-017-1270-3.

C.D.L. Fuente, S. Flores, M. Moraga, Dna from Human Ancient Bacteria: A Novel
Source of Genetic Evidence from Archaeological Dental Calculus, Archaeometry. 55
(2013) 767—778. https://doi.org/10.1111/j.1475-4754.2012.00707 .x.

A. Bringuier, S. Khelaifia, H. Richet, G. Aboudharam, M. Drancourt, Real-Time PCR
Quantification of Methanobrevibacter oralis in Periodontitis, J Clin Microbiol. 51 (2013)
993-994. https://doi.org/10.1128/JCM.02863-12.

L.S. Weyrich, K. Dobney, A. Cooper, Ancient DNA analysis of dental calculus, J Hum
Evol. 79 (2015) 119-124. https://doi.org/10.1016/j.jhevol.2014.06.018.

21



534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588

[50]

[51]

[52]

[53]

[54]

[58]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

T.M. Santiago-Rodriguez, Y. Narganes-Storde, L. Chanlatte-Baik, G.A. Toranzos, R.J.
Cano, Insights of the dental calculi microbiome of pre-Columbian inhabitants from
Puerto Rico, Peerd. 5 (2017) e3277.

T.M. Santiago-Rodriguez, A. Fornaciari, G. Fornaciari, S. Luciani, |. Marota, G.
Vercellotti, G.A. Toranzos, V. Giuffra, R.J. Cano, Commensal and Pathogenic
Members of the Dental Calculus Microbiome of Badia Pozzeveri Individuals from the
11th to 19th Centuries, Genes (Basel). 10 (2019).
https://doi.org/10.3390/genes10040299.

J.R. Yates, Mass spectrometry and the age of the proteome, J Mass Spectrom. 33
(1998) 1-19. https://doi.org/10.1002/(SIC1)1096-9888(199801)33:1<1::AID-
JMS624>3.0.CO;2-9.

E. Cappellini, M.J. Collins, M.T.P. Gilbert, Biochemistry. Unlocking ancient protein
palimpsests, Science. 343 (2014) 1320-1322.
https://doi.org/10.1126/science.1249274.

R. Barbieri, R. Mekni, A. Levasseur, E. Chabriére, M. Signoli, S. Tzortzis, G.
Aboudharam, M. Drancourt, Paleoproteomics of the Dental Pulp: The plague
paradigm, PLoS One. 12 (2017) e0180552.
https://doi.org/10.1371/journal.pone.0180552.

R.R. Jersie-Christensen, L.T. Lanigan, D. Lyon, M. Mackie, D. Belstram, C.D.
Kelstrup, A.K. Fotakis, E. Willerslev, N. Lynnerup, L.J. Jensen, E. Cappellini, J.V.
Olsen, Quantitative metaproteomics of medieval dental calculus reveals individual oral
health status, Nat Commun. 9 (2018) 4744. https://doi.org/10.1038/s41467-018-
07148-3.

C. Warinner, J. Hendy, C. Speller, E. Cappellini, R. Fischer, C. Trachsel, J. Arneborg,
N. Lynnerup, O.E. Craig, D.M. Swallow, A. Fotakis, R.J. Christensen, J.V. Olsen, A.
Liebert, N. Montalva, S. Fiddyment, S. Charlton, M. Mackie, A. Canci, A. Bouwman, F.
Rahli, M.T.P. Gilbert, M.J. Collins, Direct evidence of milk consumption from ancient
human dental calculus, Sci Rep. 4 (2014) 7104. https://doi.org/10.1038/srep07104.

J. Hendy, C. Warinner, A. Bouwman, M.J. Collins, S. Fiddyment, R. Fischer, R.
Hagan, C.A. Hofman, M. Holst, E. Chaves, L. Klaus, G. Larson, M. Mackie, K.
McGrath, A.Z. Mundorff, A. Radini, H. Rao, C. Trachsel, I.M. Velsko, C.F. Speller,
Proteomic evidence of dietary sources in ancient dental calculus, Proc Biol Sci. 285
(2018). https://doi.org/10.1098/rspb.2018.0977.

C. Meller, I. Urzua, G. Moncada, C.V. Ohle, Prevalence of oral pathologic findings in
an ancient pre-Columbian archeologic site in the Atacama Desert, Oral Diseases. 15
(2009) 287—294. https://doi.org/10.1111/j.1601-0825.2009.01524..x.

H.T.T. Huynh, J. Verneau, A. Levasseur, M. Drancourt, G. Aboudharam, Bacteria and
archaea paleomicrobiology of the dental calculus: a review, Molecular Oral
Microbiology. 31 (2015) 234—242. https://doi.org/10.1111/omi.12118.

P. Charlier, I. Huynh-Charlier, O. Munoz, M. Billard, L. Brun, G.L. de L. Grandmaison,
The microscopic (optical and SEM) examination of dental calculus deposits (DCD).
Potential interest in forensic anthropology of a bio-archaeological method, Legal
Medicine. 12 (2010) 163. https://doi.org/10.1016/j.legalmed.2010.03.003.

K. Hardy, S. Buckley, L. Copeland, Pleistocene dental calculus: Recovering
information on Paleolithic food items, medicines, paleoenvironment and microbes,
Evolutionary Anthropology: Issues, News, and Reviews. 27 (2018) 234—-246.
https://doi.org/10.1002/evan.21718.

A. Linossier, M. Gajardo, J. Olavarria, Paleomicrobiological study in dental calculus:
Streptococcus mutans, Scanning Microsc. 10 (1996) 1005-1013; discussion 1014.
T.Z.T. Jensen, J. Niemann, K.H. Iversen, A.K. Fotakis, S. Gopalakrishnan, A.J.
Vagene, M.W. Pedersen, M.-H.S. Sinding, M.R. Ellegaard, M.E. Allentoft, L.T.
Lanigan, A.J. Taurozzi, S.H. Nielsen, M.W. Dee, M.N. Mortensen, M.C. Christensen,
S.A. Sgrensen, M.J. Collins, M.T.P. Gilbert, M. Sikora, S. Rasmussen, H. Schroeder,
A 5700 year-old human genome and oral microbiome from chewed birch pitch, Nat
Commun. 10 (2019) 5520. https://doi.org/10.1038/s41467-019-13549-9.

22



589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]
[76]
[77]

[78]

[79]

[80]

[81]

A. Corthals, A. Koller, D.W. Martin, R. Rieger, E.l. Chen, M. Bernaski, G. Recagno,
L.M. Davalos, Detecting the Immune System Response of a 500 Year-Old Inca
Mummy, PLOS ONE. 7 (2012) e41244. https://doi.org/10.1371/journal.pone.0041244.
K. Reinhard, Coprolite Analysis: The analysis of ancient human feces for dietary data,
Karl Reinhard Papers/Publications. (2000).
https://digitalcommons.unl.edu/natresreinhard/60.

P.C. Dentzien-Dias, G. Poinar, A.E.Q. de Figueiredo, A.C.L. Pacheco, B.L.D. Horn,
C.L. Schultz, Tapeworm eggs in a 270 million-year-old shark coprolite, PLoS One. 8
(2013) €55007. https://doi.org/10.1371/journal.pone.0055007.

S. Appelt, M. Drancourt, M. Le Bailly, Human Coprolites as a Source for
Paleomicrobiology, Microbiol Spectr. 4 (2016).
https://doi.org/10.1128/microbiolspec.PoH-0002-2014.

K.J. Reinhard, V.M. Bryant Jr, Coprolite analysis: a biological perspective on
archaeology, Archaeological Method and Theory. (1992) 245-288.

K.J. Reinhard, J.R. Ambler, C.R. Szuter, Hunter-gatherer use of small animal food
resources: coprolite evidence, International Journal of Osteoarchaeology. 17 (2007)
416—428.

R.J. Cano, J. Rivera-Perez, G.A. Toranzos, T.M. Santiago-Rodriguez, Y.M. Narganes-
Storde, L. Chanlatte-Baik, E. Garcia-Roldan, L. Bunkley-Williams, S.E. Massey,
Paleomicrobiology: revealing fecal microbiomes of ancient indigenous cultures, PloS
One. 9 (2014) e106833.

G.P. Shipley, K. Kindscher, Evidence for the Paleoethnobotany of the Neanderthal: A
Review of the Literature, Scientifica. 2016 (2016).

J.l. Rivera-Perez, R.J. Cano, Y. Narganes-Storde, L. Chanlatte-Baik, G.A. Toranzos,
Retroviral DNA Sequences as a Means for Determining Ancient Diets, PLoS One. 10
(2015). https://doi.org/10.1371/journal.pone.0144951.

R. Wiscovitch-Russo, J. Rivera-Perez, Y.M. Narganes-Storde, E. Garcia-Roldan, L.
Bunkley-Williams, R. Cano, G.A. Toranzos, Pre-Columbian zoonotic enteric parasites:
An insight into Puerto Rican indigenous culture diets and life styles, PLoS One. 15
(2020). https://doi.org/10.1371/journal.pone.0227810.

T.M. Santiago-Rodriguez, Y.M. Narganes-Storde, L. Chanlatte, E. Crespo-Torres,
G.A. Toranzos, R. Jimenez-Flores, A. Hamrick, R.J. Cano, Microbial Communities in
Pre-Columbian Coprolites, PLoS One. 8 (2013).
https://doi.org/10.1371/journal.pone.0065191.

M. Kuch, H. Poinar, Extraction of DNA from paleofeces, Methods Mol Biol. 840 (2012)
37—-42. https://doi.org/10.1007/978-1-61779-516-9_5.

J. Dabney, M. Meyer, S. Paéabo, Ancient DNA damage, Cold Spring Harbor
Perspectives in Biology. 5 (2013) a012567.

S. Appelt, F. Armougom, M. Le Bailly, C. Robert, M. Drancourt, Polyphasic analysis of
a middle ages coprolite microbiota, Belgium, PloS One. 9 (2014) e88376.

S. Appelt, L. Fancello, M. Le Bailly, D. Raoult, M. Drancourt, C. Desnues, Viruses in a
14th-century coprolite, Applied and Environmental Microbiology. 80 (2014) 2648—
2655.

M. Camacho, A. Araujo, J. Morrow, J. Buikstra, K. Reinhard, Recovering parasites
from mummies and coprolites: an epidemiological approach, Parasites & Vectors. 11
(2018) 248.

P.D. Mitchell, E. Anastasiou, D. Syon, Human intestinal parasites in crusader Acre:
evidence for migration with disease in the medieval period, International Journal of
Paleopathology. 1 (2011) 132-137.

M. Seo, D.H. Shin, S.-M. Guk, C.S. Oh, E.-J. Lee, M.H. Shin, M.J. Kim, S.D. Lee, Y.-
S. Kim, Y.S. Yi, M. Spigelman, J.-Y. Chai, Gymnophalloides seoi Eggs from the Stool
of a 17th Century Female Mummy Found in Hadong, Republic of Korea, Para. 94
(2008) 467—472. https://doi.org/10.1645/GE-1365.1.

23



642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

K.J. Reinhard, M. Camacho, Pinworm Infection at Salmon Ruins and Aztec Ruins:
Relation to Pueblo Ill Regional Violence, Korean J Parasitol. 57 (2019) 627—-633.
https://doi.org/10.3347/kjp.2019.57.6.627.

L.M. Cleeland, M.V. Reichard, R.Y. Tito, K.J. Reinhard, C.M. Lewis Jr, Clarifying
prehistoric parasitism from a complementary morphological and molecular approach,
Journal of Archaeological Science. 40 (2013) 3060—3066.

Y.R. Ortega, D. Bonavia, Cryptosporidium, giardia, and cyclospora in ancient
Peruvians, Journal of Parasitology. 89 (2003) 635—-636.

M.H. Fugassa, M.O. Beltrame, N.H. Sardella, M.T. Civalero, C. Aschero,
Paleoparasitological results from coprolites dated at the Pleistocene—Holocene
transition as source of paleoecological evidence in Patagonia, Journal of
Archaeological Science. 37 (2010) 880—884.

L. Frias, D. Leles, A. Araujo, Studies on protozoa in ancient remains-A Review,
Memoérias Do Instituto Oswaldo Cruz. 108 (2013) 1-12.

K.J. Reinhard, L.F. Ferreira, F. Bouchet, L. Sianto, J.M.F. Dutra, A. Iniguez, D. Leles,
M. Le Bailly, M. Fugassa, E. Pucu, A. Araujo, Food, parasites, and epidemiological
transitions: A broad perspective, International Journal of Paleopathology. 3 (2013)
150-157. https://doi.org/10.1016/}.ijpp.2013.05.003.

E. Pucu, J. Russ, K. Reinhard, Diet analysis reveals pre-historic meals among the
Loma San Gabriel at La Cueva de Los Muertos Chiquitos, Rio Zape, Mexico (600—800
CE), Archaeological and Anthropological Sciences. 12 (2020) 1-14.

M. Camacho, K.J. Reinhard, Confusing a Pollen Grain with a Parasite Egg: an
Appraisal of “Paleoparasitological Evidence of Pinworm (Enterobius Vermicularis)
Infection in a Female Adolescent Residing in Ancient Tehran,” Korean J Parasitol. 57
(2019) 621-625. https://doi.org/10.3347/kjp.2019.57.6.621.

J.J. Morrow, C. Elowsky, Application of Autofluorescence for Confocal Microscopy to
Aid in Archaeoparasitological Analyses, The Korean Journal of Parasitology. 57
(2019) 581.

M.L.C. Gongalves, A. Araujo, R. Duarte, J.P. da Silva, K. Reinhard, F. Bouchet, L.F.
Ferreira, Detection of Giardia duodenalis antigen in coprolites using a commercially
available enzyme-linked immunosorbent assay, Trans R Soc Trop Med Hyg. 96
(2002) 640—643. https://doi.org/10.1016/S0035-9203(02)90337-8.

M. Le Bailly, M.L. Gongalves, S. Harter-Lailheugue, F. Prodéo, A. Araujo, F. Bouchet,
New finding of Giardia intestinalis (Eukaryote, Metamonad) in Old World
archaeological site using immunofluorescence and enzyme-linked immunosorbent
assays, Memarias Do Instituto Oswaldo Cruz. 103 (2008) 298-300.
https://doi.org/10.1590/S0074-02762008005000018.

P.D. Mitchell, E. Stern, Y. Tepper, Dysentery in the crusader kingdom of Jerusalem:
an ELISA analysis of two medieval latrines in the City of Acre (Israel), Journal of
Archaeological Science. 35 (2008) 1849—-1853.
https://doi.org/10.1016/j.jas.2007.11.017.

W.H. Eskew, M.L. Ledger, A. Lloyd, G. Pyles, J. Gosker, P.D. Mitchell, Intestinal
Parasites in an Ottoman Period Latrine from Acre (Israel) Dating to the Early 1800s
CE, Korean J Parasitol. 57 (2019) 575-580. https://doi.org/10.3347/kjp.2019.57.6.575.
D. Leles, L. Frias, A. Araljo, B. Brener, A. Sudré, M. Chame, V. Laurentino, Are
immunoenzymatic tests for intestinal protozoans reliable when used on archaeological
material?, Experimental Parasitology. 205 (2019) 107739.
https://doi.org/10.1016/j.exppara.2019.107739.

J.J. Morrow, K.J. Reinhard, Cryptosporidium parvum Among Coprolites from La
Cueva de los Muertos Chiquitos (600-800 CE), Rio Zape Valley, Durango, Mexico, J
Parasitol. 102 (2016) 429-435. https://doi.org/10.1645/15-916.

M.L.C. Goncalves, V.L. da Silva, C.M. de Andrade, K. Reinhard, G.C. da Rocha, M.
Le Bailly, F. Bouchet, L.F. Ferreira, A. Araujo, Amoebiasis distribution in the past: first
steps using an immunoassay technique, Trans R Soc Trop Med Hyg. 98 (2004) 88—
91. https://doi.org/10.1016/S0035-9203(03)00011-7.

24



697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

M. Le Bailly, M.L. Gongalves, C. Lefévre, D.C. Roper, J.W. Pye, A. Araujo, F.
Bouchet, Parasitism in Kansas in the 1800s: a glimpse to the past through the
analysis of grave sediments from Meadowlark cemetery, Memarias Do Instituto
Oswaldo Cruz. 101 (2006) 53-56. https://doi.org/10.1590/S0074-
02762006001000009.

F. Maixner, B. Krause-Kyora, D. Turaev, A. Herbig, M.R. Hoopmann, J.L. Hallows, U.
Kusebauch, E.E. Vigl, P. Malfertheiner, F. Megraud, N. O’Sullivan, G. Cipollini, V.
Coia, M. Samadelli, L. Engstrand, B. Linz, R.L. Moritz, R. Grimm, J. Krause, A. Nebel,
Y. Moodley, T. Rattei, A. Zink, The 5300-year-old Helicobacter pylori genome of the
Iceman, Science. 351 (2016) 162—165. https://doi.org/10.1126/science.aad2545.
M.R. Hidalgo-Arguello, N. Diez Bafos, J. Fregeneda Grandes, E. Prada Marcos,
PARASITOLOGICAL ANALYSIS OF LEONESE ROYALTY FROM COLLEGIATE-
BASILICA OF ST. ISIDORO, LEON (SPAIN): HELMINTHS, PROTOZOA, AND
MITES, J Parasitol. 89 (2003) 738—743. https://doi.org/10.1645/0022-
3395(2003)089[0738:PAOLRF]2.0.CO;2.

T.M. Santiago-Rodriguez, G. Fornaciari, S. Luciani, S.E. Dowd, G.A. Toranzos, |.
Marota, R.J. Cano, Taxonomic and predicted metabolic profiles of the human gut
microbiome in pre-Columbian mummies, FEMS Microbiol Ecol. 92 (2016).
https://doi.org/10.1093/femsec/fiw182.

G.A. Lugli, C. Milani, L. Mancabelli, F. Turroni, C. Ferrario, S. Duranti, D. van
Sinderen, M. Ventura, Ancient bacteria of the Otzi’s microbiome: a genomic tale from
the Copper Age, Microbiome. 5 (2017). https://doi.org/10.1186/s40168-016-0221-y.
T.M. Santiago-Rodriguez, G. Fornaciari, S. Luciani, S.E. Dowd, G.A. Toranzos, |.
Marota, R.J. Cano, Natural mummification of the human gut preserves bacteriophage
DNA, FEMS Microbiol Lett. 363 (2016). https://doi.org/10.1093/femsle/fnv219.

T.M. Santiago-Rodriguez, G. Fornaciari, S. Luciani, G.A. Toranzos, |. Marota, V.
Giuffra, R.J. Cano, Gut Microbiome and Putative Resistome of Inca and ltalian Nobility
Mummies, Genes. 8 (2017) 310. https://doi.org/10.3390/genes8110310.

W.-Q. Liu, J. Liu, J.-H. Zhang, X.-C. Long, J.-H. Lei, Y.-L. Li, Comparison of ancient
and modern Clonorchis sinensis based on ITS1 and ITS2 sequences, Acta Tropica.
101 (2007) 91-94. https://doi.org/10.1016/j.actatropica.2006.08.010.

H.D. Donoghue, O.Y.-C. Lee, D.E. Minnikin, G.S. Besra, J.H. Taylor, M. Spigelman,
Tuberculosis in Dr Granville’s mummy: a molecular re-examination of the earliest
known Egyptian mummy to be scientifically examined and given a medical diagnosis,
Proceedings of the Royal Society B: Biological Sciences. 277 (2010) 51-56.
https://doi.org/10.1098/rspb.2009.1484.

G.K. Bar-Gal, M.J. Kim, A. Klein, D.H. Shin, C.S. Oh, J.W. Kim, T.-H. Kim, S.B. Kim,
P.R. Grant, O. Pappo, M. Spigelman, D. Shouval, Tracing hepatitis B virus to the 16th
century in a Korean mummy, Hepatology. 56 (2012) 1671-1680.
https://doi.org/10.1002/hep.25852.

F. Maixner, A. Thomma, G. Cipollini, S. Widder, T. Rattei, A. Zink, Metagenomic
Analysis Reveals Presence of Treponema denticola in a Tissue Biopsy of the Iceman,
PLoS One. 9 (2014). https://doi.org/10.1371/journal.pone.0099994.

M. Mackie, J. Hendy, A.D. Lowe, A. Sperduti, M. Holst, M.J. Collins, C.F. Speller,
Preservation of the metaproteome: variability of protein preservation in ancient dental
calculus, STAR: Science & Technology of Archaeological Research. 3 (2017) 58—70.
https://doi.org/10.1080/20548923.2017.1361629.

K.A. Ziesemer, J. Ramos-Madrigal, A.E. Mann, B.W. Brandt, K. Sankaranarayanan,
A.T. Ozga, M. Hoogland, C.A. Hofman, D.C. Salazar-Garcia, B. Frohlich, G.R. Milner,
A.C. Stone, M. Aldenderfer, C.M. Lewis, C.L. Hofman, C. Warinner, H. Schroeder,
The efficacy of whole human genome capture on ancient dental calculus and dentin,
American Journal of Physical Anthropology. 168 (2019) 496-509.
https://doi.org/10.1002/ajpa.23763.

A. Tett, K.D. Huang, F. Asnicar, H. Fehlner-Peach, E. Pasolli, N. Karcher, F. Armanini,
P. Manghi, K. Bonham, M. Zolfo, F. De Filippis, C. Magnabosco, R. Bonneau, J.

25



752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

Lusingu, J. Amuasi, K. Reinhard, T. Rattei, F. Boulund, L. Engstrand, A. Zink, M.C.
Collado, D.R. Littman, D. Eibach, D. Ercolini, O. Rota-Stabelli, C. Huttenhower, F.
Maixner, N. Segata, The Prevotella copri Complex Comprises Four Distinct Clades
Underrepresented in Westernized Populations, Cell Host & Microbe. 26 (2019) 666-
679.e7. https://doi.org/10.1016/j.chom.2019.08.018.

[.M. Velsko, J.A. Fellows Yates, F. Aron, R.W. Hagan, L.A.F. Frantz, L. Loe, J.B.R.
Martinez, E. Chaves, C. Gosden, G. Larson, C. Warinner, Microbial differences
between dental plaque and historic dental calculus are related to oral biofilm
maturation stage, Microbiome. 7 (2019) 102. https://doi.org/10.1186/s40168-019-
0717-3.

M. Borry, B. Cordova, A. Perri, M. Wibowo, T. Prasad Honap, J. Ko, J. Yu, K. Britton,
L. Girdland-Flink, R.C. Power, |. Stuijts, D.C. Salazar-Garcia, C. Hofman, R. Hagan,
T. Samdapawindé Kagoné, N. Meda, H. Carabin, D. Jacobson, K. Reinhard, C. Lewis,
A. Kostic, C. Jeong, A. Herbig, A. Hubner, C. Warinner, CoprolD predicts the source
of coprolites and paleofeces using microbiome composition and host DNA content,
Peerd. 8 (2020). https://doi.org/10.7717/peerj.9001.

D. Chessa, M. Murgia, E. Sias, M. Deligios, V. Mazzarello, M. Fiamma, D. Rovina, G.
Carenti, G. Ganau, E. Pintore, M. Fiori, G.L. Kay, A. Ponzeletti, P. Cappuccinelli, D.J.
Kelvin, J. Wain, S. Rubino, Metagenomics and microscope revealed T. trichiura and
other intestinal parasites in a cesspit of an Italian nineteenth century aristocratic
palace, Sci Rep. 10 (2020). https://doi.org/10.1038/s41598-020-69497-8.

J. Neukamm, S. Pfrengle, M. Molak, A. Seitz, M. Francken, P. Eppenberger, C.
Avanzi, E. Reiter, C. Urban, B. Welte, P.W. Stockhammer, B. TeBmann, A. Herbig, K.
Harvati, K. Nieselt, J. Krause, V.J. Schuenemann, 2000-year-old pathogen genomes
reconstructed from metagenomic analysis of Egyptian mummified individuals, BMC
Biology. 18 (2020) 108. https://doi.org/10.1186/s12915-020-00839-8.

A. Philips, I. Stolarek, L. Handschuh, K. Nowis, A. Juras, D. Trzcinski, W.
Nowaczewska, A. Wrzesinska, J. Potempa, M. Figlerowicz, Analysis of oral
microbiome from fossil human remains revealed the significant differences in virulence
factors of modern and ancient Tannerella forsythia, BMC Genomics. 21 (2020) 402.
https://doi.org/10.1186/s12864-020-06810-9.

R.F. Rifkin, S. Vikram, J.-B. Ramond, A. Rey-lglesia, T.B. Brand, G. Porraz, A. Val, G.
Hall, S. Woodborne, M. Le Bailly, M. Potgieter, S.J. Underdown, J.E. Koopman, D.A.
Cowan, Y. Van de Peer, E. Willerslev, A.J. Hansen, Multi-proxy analyses of a mid-
15th century Middle Iron Age Bantu-speaker palaeo-faecal specimen elucidates the
configuration of the ‘ancestral’ sub-Saharan African intestinal microbiome,
Microbiome. 8 (2020) 62. https://doi.org/10.1186/s40168-020-00832-x.

D.K. Jacobson, T.P. Honap, C. Monroe, J. Lund, B.A. Houk, A.C. Novotny, C. Robin,
E. Marini, C.M. Lewis, Functional diversity of microbial ecologies estimated from
ancient human coprolites and dental calculus, Philosophical Transactions of the Royal
Society B: Biological Sciences. 375 (2020) 20190586.
https://doi.org/10.1098/rstb.2019.0586.

S. Sabin, H.-Y. Yeh, A. Pluskowski, C. Clamer, P.D. Mitchell, K.I. Bos, Estimating
molecular preservation of the intestinal microbiome via metagenomic analyses of
latrine sediments from two medieval cities, Philosophical Transactions of the Royal
Society B: Biological Sciences. 375 (2020). https://doi.org/10.1098/rstb.2019.0576.
R. Eisenhofer, H. Kanzawa-Kiriyama, K. Shinoda, L.S. Weyrich, Investigating the
demographic history of Japan using ancient oral microbiota, Philosophical
Transactions of the Royal Society B: Biological Sciences. 375 (2020) 20190578.
https://doi.org/10.1098/rstb.2019.0578. y

A. Kazarina, E. Petersone-Gordina, J. Kimsis, J. Kuzmicka, P. Zayakin, Z. Griskjans,
G. Gerhards, R. Ranka, The Postmedieval Latvian Oral Microbiome in the Context of
Modern Dental Calculus and Modern Dental Plaque Microbial Profiles, Genes. 12
(2021). https://doi.org/10.3390/genes12020309.

26



806
807
808

809

[122] QGiIS.org, QGIS Geographic Information System. QGIS Association.
http://www.qgis.org., (2020). http://www.qgis.org.

27



810

811

812

813

814

815

816

817

818

Funding

Not applicable.

Author’s contributions
RN: Investigation, Writing - Original Draft. MD: Writing - Review & Editing. RB:

Writing - Original Draft, Supervision, Review & Editing.

Declaration of competing interest

The authors have no competing interests to declare.

28



819

820

821

822

823

Table 1. Scientific studies performed on ancient human digestive tract

microbiota catalogued per archaeological site, dating, sample type, and

method used for the analysis. Only studies written in English, published before

March 2021, and on samples of human origin that targeted multiple species from the

digestive tract microbiota of the host were considered.

Archaeological site
Cuzco
Similaun mountain

Cuzco

Forni glacier (Alta Val di Pejo,
northern Italy)

Similaun mountain

La Cueva de los Chiquitos
Muertos”, Rio Zape, Durango
Durango

Caserones

Hind’s Cave

La Cueva de los Chiquitos
Muertos”, Rio Zape, Durango
Durango

Benzingerode-Heimburg
Dudka
Halberstadt-Sonntagsfeld
Northamptonshire
Quedlinburg XII
York
York
Yorkshire
Sorcé, island of Vieques
Tecla, Guayanilla
Namur

Namur
Namur

Sorcé, island of Vieques
Tecla, Guayanilla
Similaun mountain

Similaun mountain

St. Petri church and convent
complex in Dalheim

St. Petri church and convent
complex in Dalheim

Cuzco

Cuzco

Anse a la Gourde

Present-day

country

Peru
Italy
Peru
Italy

Italy
Mexico

Chile

Texas

Mexico

Germany
Poland
Germany
England
Germany
England
England
Engalnd
Puerto Rico
Puerto Rico
Belgium
Belgium

Belgium

Puerto Rico
Puerto Rico
Italy
Italy
Germany

Germany

Peru

Peru

Guadalupe

10th-11th century CE
3400-3100 BCE
980-1170 CE
1918 CE

3400-3100 BCE

600 - 700 CE

400 CE

6000 BCE

600 - 700 CE

2150-1600 BCE

5550-3450 BCE

5400-4725 BCE

900-1150 CE

2450-2000 BCE

1250-1350 CE

1000-1600 CE

Bronze age

180 - 600 CE

180 - 600 CE

14th-century

14th-century

14th-century

5101170 CE
5to 1170 CE
3400-3100 BCE
3400-3100 BCE
950-1200 CE

950-1200 CE

11th century CE

11th century CE

975-1395 CE

Sample type

Mummified colon

Mummified stomach and
colon

coprolites
Mummified colon

Mummified colon
coprolites

coprolites

coprolites
coprolites

dental calculus
dental calculus
dental calculus
dental calculus
dental calculus
dental calculus
dental calculus
dental calculus
coprolites
coprolites
coprolites

coprolites
coprolites

coprolites
coprolites
gingival tissue biopsy
Mouth swab
dental calculus

dental calculus

paleofaeces

mummified colon

Dental calculus

PCR-based techniques
PCR-based techniques
PCR-based techniques
PCR-based techniques

PCR-based techniques

Shotgun metagenomic

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16S rRNA Gene High-Throughput
Sequencing

16s rRNA gene and ITS region PCR-

based techniques
16s rRNA gene and ITS region PCR-
based techniques

shotgun metagenomic

culture-base method

16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
16S rRNA Gene High-Throughput
Sequencing
18S rRNA Gene High-Throughput
Sequencing

PCR-based techniques

PCR-based techniques

mass spectrometry (MS)-based
proteomics profiling

Shotgun metagenomic

16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
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Camino del Molino, Caravaca de la
Cruz, Murcia

Lavoutte

Middenbeemster

Rupert’s Valley

Samdzong

Tickhill, Yorkshire

Avosnes
Douai
Forbach
Les Fedons
Martigues

Saint-Mitre-les-Remparts

Cuzco

Cuzco

Cuzco

Cuzco

Cuzco

Cuzco

Similaun mountain

Leicester, UK (NGR SK 586038),
Oxford Street

Rome, Isola Sacra

York, UK (NGR: SE 59324510 & SE
59285095), Driffield Terrace

Sorcé, island of Vieques

Cuzco

Cuzco

Cuzco
Naples, Basilica of St. Domenico
Maggiore

Radcliffe Infirmary Burial Ground
collection

Tjeerby, Jutland, Denmark
Anse a la Gourde

Arbulag Soum, Khovsgdl,

Camino del Molino, Caravaca de la
Cruz, Murcia

Kilteasheen
Middenbeemster
Norris Farms

Samdzong

Spain

St. Lucia

Netherlands

St. Helena

Nepal

UK

France
France
France
France
France

France

Peru

Peru

Peru

Peru

Peru

Peru

Italy
UK

Italy
UK

Puerto Rico

Peru

Peru

Peru

Italy

England
Denmark
Guadalupe
Mongolia
Spain
Ireland
Netherlands
Ilinois (USA)

Nepal

2340-2920 BCE

990-1255 CE

1611-1866 CE

1840-1872 CE

400-650 CE

1450-1600 CE

1300 CE
1710-1712 CE
1813 CE
1590 CE
1720-1721 CE

1500-1700 CE

980-1170 CE

14-15th century CE

1410-1530 CE

980-1170 CE

14-15th century CE

1410-1530 CE

3400-3100 BCE
2nd-5th century CE
1st—3rd century CE
2nd—4th century CE

10-385CE

980-1170 CE

14-15th century CE

1410-1530 CE

15-16th century CE

1770-1855 CE
1100-1450 CE
975-1395 CE
930-1650 BCE
2340-2920 BCE
600-1300 CE
1611-1866 CE
1300 CE

400-650 CE

Dental calculus

Dental calculus

Dental calculus

Dental calculus

Dental calculus

Dental calculus

dental calculus
dental calculus
dental calculus
dental calculus
dental calculus

dental calculus

Mummified descending colon

Mummified abdominal viscera

Mummified transverse colon

Mummified descending colon

Mummified abdominal viscera

Mummified transverse colon

Mummified distal gut
dental calculus
dental calculus
dental calculus

Dental calculus

Mummified descending colon

Mummified abdominal viscera

Mummified transverse colon

Mummified colon and
abdominal viscera

Dental calculus
dental calculus
dental calculus
dental calculus
dental calculus
dental calculus
dental calculus
dental calculus

dental calculus

16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic

PCR-based techniques
PCR-based techniques
PCR-based techniques
PCR-based techniques
PCR-based techniques

PCR-based techniques

16S rRNA Gene High-Throughput
Sequencing and Shotgun
metagenomic
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826  Figure 1. Geographical localization of ancient human remains analyzed for

827 microbiota studies in the World. Colour indicate the dating of the analyzed

828 samples from 6000 BCE to 1918 CE. Oral microbiota and gut microbiota studies are
829 indicated with two symbols representing a tooth and the gut respectively. The

830 corresponding references are listed in Table 1. Map generated with QGIS software
831 [122]. In the upper part of the figure, 6 pictures representative of the original samples

832 used to study the digestive tract microbiota [39,63,70,109,113,116].
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